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ABSTRACT

The study has developed an integrated set of algorithms: heuristics and models Tor
optimising mainlenance service demand, crew Gang, maintenance tools/equipment, personne
interaction, spare parts inventory, job scheduling and costing, which are strntegic i the
establishment and rumning of a8 maintenance jobshop. The model wias developed wsing an
encompassing single-channel, mult-server guesemng system. The developed pockage nmmed
Computer Aided Maintenance Strategic Decisions Optimisation apd Planaing (CAMSOP-
2003) was validated with Akure, Gsopbo, Thadan, Ajsokutn aid Lagos in Nigeria as case studies:
Nonetheless, the dotabase nnd strocture of the software is flexible bul robust enough o
accommodate as many jobshops/cities ns the stormge eapacity of the computer allows. The
software always: facilittes o comparison of allerpadive methods of carrving oul minlenanee
functions. Besides, post-optimadity nnalyses such as bemelit-cost and sensitivity analvses were
done to determine the most cost-effective maintenonce policy and to recommend elfective service

rates for varous service demands,
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NOMENCLATURE

N, total number of industrial machines in plant i

iy age of plant i al time 1 {in yr.)

i, number of maintenance centres within the operving region

by, propartional constan between the arrival mie and the influencing lhclors,
M, mumber of errors - olitainmed.

¢ forecast error ot period, t

o, smootling parameter

oo Toreeast factoral periad, t+1 (ye.)

Foers Porecast ot period, t+1 (yr.)

i, the valee of the forecast ) wien period, U i5 equals zem

b. slope of the forecasting treml fine

[, period at wiich forecast 18 made (vr)

S smosithed lewel Gar linear tresd

T,. smooathed trend for linear trend

o), smoothed parmmeter for leval

@y, sl hed parameter for frend

S, smowthed level for non-Hoear trend

T/, smoothed trend Tor nen-linear teend

[, trend modification parameter.

MSE, Mean Square Error

a, is the change in malnteasnce centre in the following year

F (o), tandom puimber in the sange 0= F {n-.‘l-'ti for arrival time.

K., proportionality constant which B eguivalent 1o nunyber of jobis ;-hlil"rr.':l.
l,, cxpoctéd service time (wh ) - i

¥. Change in maintenance personng!

P, number of maintepance perscnoed in o orow (gene size)

£, the utifization faetor Tor maintenance palicy, n at a given period t
A, arrival rte of jobs to mamienonce cenire ot a givan period, t{fwk.)
Hape SCTVICE rale for maintennnce policy, nata given period, t(fwk:)
S the crew Gang for mainlenance policy, nool o period,

Wy average wailing tme Tor the jobs on quese for mpintenance policy, nata period, 1 (wh.)
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W'.{.. average acceptable wnting tine of customers Tor vach policy (wk.)

g, total number of jobs in gueoe

a,, cumulative arrival tme feom bime t=0) . (wk,)

clock, previous cumulative value of lime before the rext event (arrival or departure) (wh.}
vwt, total waiting time of jobs (wk.)

%, cumulative service time of maintenance calls (wk:)

Fis), randam number in the range 0<F (&<l for serviee time

Jadt, total idle tome of mantenance crew (wk.)
tnn, tatal number of maintenance call
elm, total engage time of mainienance crow ;:wk,};'

Qs the mgmber ﬂf.u:t of tooigfequipment required for maintenance policy, noal period, 1 (yr.)
1, 5et 0f tools required to pustain for mainienance policy, n

g, change in tools/'Equipmoent

N optimum symber of units (spare pans) per order

Ay receipl rate {that is, units received in a glven period ) or supply rate (/wk.)

Ao Wse e Cin unil) ina pericd (k)

Y, amnual usage of the spare part i units (fyr.}

p. ordering eost of the spare part per period ((#wk)

t,. use time of the spare par (wk.)

F {1,). mndom number between 0 and 1 for use time

L, teceipt time of the spare pant {(wk.)}

F {4} random number between O dnd 1for receipt tine

ns, number af spare part instock

tst, toinl stock time of spare part (whk.)

tst, fotal oul of stock time of spore port (wk. )

mng,  maximum stock copncity

M, optimum number of order per period (/fwk.)

T optimum time per order {wk)

S optimum number of crew

W, number of interactions

¥, ehange i orew gang

P, the level of imeraction of personnel 1 10 other perscnnil | in the sroup

P, weighted value of interaction for each perg.::nné:l

tmt, TC (S,.). total maintenance cost ()
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C), average cost of a mamtenance gang per unit time (#hr.)}

,,, the utility ¢osl per period of a crew Gang engnpement (8%r.)

C; cost of electricity per period of a crew Gang engagement (#7hr.)

L, cost of water used by o crew Gang per period (#/hr.)

€, Toolslequipment muinterance cost ai a given period (Yr.)

a, Failure rate of the maintenance equipment (7Yr.)

., cost of communication i ncriéw inttrai:t:iu# per period {#min.)

f, interest rate (%), and

%, Inflation rate (%),

d,. depreciation male on toolsfaquipmeent (%)

.. cost of maintenance week performance index (#fwk)

JA, Incremental cost of switch over from one maintenance policy, n-1 to
another, n when a full-time/permanent stall’ | is engaged (#)

oA, incremental cost of switch over from ane maintenance policy, n=1 1o
another, 1 when a full-time/permanent staff i is engaged (#)

BCR;, Henelii-Cost Ratio for contract swaff

BCR;, Benefit-Cost Ratio Ear Tull-time staft?
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CPRAPTER ONE
1.0 INTRODUCTION

Economic development of any country dépends on how best she is malntaining its rival
ind non-rival infrastructine facilities (Deparkar, 1999), Electricity, roadways, Irnspon. services,
telecommunication ete, which individuals are free o use seem W satisty the property of non-
rivalry while most of industrial production mechines and ancillury equipment which reguire some
protocols before individuals can use it (in form of 2o0ds and services) fall under rival facilities.
The response rate to these rival facilities depends on how etfective they are in the production of
poods and services. As a result of this, effective maintenance of these facilities is necessary 1o
feep them m operable condition,

Generally, productivity of any sector depends on how well her infrastructures are
maintained, A well maintained facility will not only emsure minimum waiting time in the
production. process but will aiso promote efficiency (Felix, 1999). Therefore, in developed
countries, a colossal sum of money had been speni on maintenanee of facilitics to keep them in
pperable condition s0 thot man-hour loss will be reduced o a minimum: (Royve W79 In
developing countries most of the maintenance departmenis sel up by privately or publicly owned
companics are noteffective enough to properly execute all categories of repairs and maintemmee.
Their works are limited 1o routine maintenance, Therefore, to improve maintenance culture, there
15 -need to establish nasintenance centres where all categortes of repairs can be excouted a
minimum ¢ost and maximum efficiency. To achieve this, maintenance personnel with expericnce
and high level of skills must be available (Boumn, 1989, IHUPDS, 2004) or , if not, tangible
vocational training programmes should be established to gt these maintenonoe skills (Mwewa,
999} or a foreign manpower planning consulting firm should be contacted (ORM, 1992; 5PMC,
2003}, Such maintenance cenes will b viable valy if they can estubli:h reasonable response
rates, Management of such centres can schiove this by proper costing and scheduling of repair
Jobs so (hat they can meet up the due daies, This-ontails bavieg the requisite facilities. Besides,
computer software application {Albamdan, 2003} and software aid (MacMilllan ot al, 1998) will
also assist in thas divection,

Researchers have dope-a lot in the establizshment of sustamable muintenince svstems.
Majority of their works are based on in-house maintenance system evaluation, and their
eviluntions are unilateral (that is, evaluating one strategic decision), Among them are Richard
(19763, Friel (1974), Tacaks (1976), Olorunniwo (1989) and Michael (1996). The following

factorsfconstraints among others sro iohibiting effective maintenanee oserstfons in Nigeria



industries. {Lawal and Adevema, 2002, Offiotg and Okokan, 2003, Lawal, 20040 and
[nepbenebor and Adenijn, 20025

(e Inadequate spare parts,

{i) Budget allocation,

(i) Mamienance equipment and tools,

{iv)  Incompetent maintenance staft, .

(v} Transportation, I

{vi) Epileptic power supply,

(vii}  Incentive scheme,

ivint})  Job docomeiation, and

(ix) Workspace and security

To improve the situation, Kareem and Aderobe (2003) streamiined these constroimy by
assessing it slong the line of calepory of maintenance jobshops (o centre where indusirial
machinesry and other Infrastrectural facilities are restored to operable condition), lor casy
idemtificotion of critical decision{s) or stralegic decisions (the decisions thal influende or
determine the effectivencss, efficienoy or sustainability of a system) that need immediate
attention. However, Aderoba and Lawal (1997) discussed various strategic decisions often mude
in maintenance planning and sugiested optimization procedures. This study, deals with
improvement, integration and practical implementation of the strategic decisions suggested in
Aderoba and Lawal's work.
1.1 Essence of Maintenance

In many sectars of industry, maintenance hos been regarded as an activity, whirch needs o
be carried oot in 2 planned way (Andrew ¢t al, 1996} Muointenance is so important that in UK.
national expenditure on madtenance isabout 5% of the value of the sales of poads and services
which exceeds the amount invested in nzw plant and equipment. Modem manngement practice
regards imaintenance as an integral function in schivving eMcient and productive operation, high
guality products and high levels of eguipment celtability, Therelore, the need for mumtenance in
mosl engineering opcrations is self evident. Without maintenance the plant and vguipment wsed
will not survive over the required fife of the system without depmdation or failure. The design
and operation of & maintenance svstem mest usually meet one of two objectives:

() Minimize the chance of failure and
iy Minimize overall cost or maximize ovemll profit of an operation. This requoires

striking a balunce between the cost of setting up wnd running the maimtenance



operation and savings generted by increased efficiency, prevention of dowmtiine,
elc,
L2 Plant Deterioration and Failure

Plant deterioration and expected failure rate, H(t) is fundamental 1o design of o
maintenance operation. The [atlere rate [or hazavd rute, HOO| for components, equipment or plant
15 normally expressed in failure per hour (or tailure per thousand or even per million hours).

This failure rate can be taken as synonymous to the rate of need of mainichance service
or arrival rates of mamtenance job, The figures represent an average for the type of equipment
and the expected number of failures in any time period can only be expressed in terms of
probabilities.

Three phases may be observed during the life of a component, slthough in practice the
boundaries are ofien unclear or 1l defined. 1n the first phase. the Gaitore rate is ininably high But it
reduces over a short time. Failures in this phase are due 1o Naws and weakness in materinl or
faulis in manufacture. The wear-in characteristics have implications on the provision of
watrinties for pew equipmeni, but of greater significance s that it will result in a high inltial
failure rate. Second phase is the useful-life phases the failure rote is low and approximately
coiistant, representing mandom failures. The length ol this phase sometimes referred lo as
durability varies with the type of equipment. In this phase the Mean Time to Failure; (MTTF) is
the reciprocal of the (constant} failure rate. The third phase, called the wear-out phase, the ilure
rile increases due 1o ageing, wear, erosion, corrosion and related processes, The rate ot which the
failure rale increases varies with the type of equipment. Wear-out has an influence on
maintenance palicy, If an item hag distinet wear-oul characieristics it can be replaced belore
Rilure is likely to occur. For example, the break pads on @ cur has a distinet wepr-out
characteristics, therefore it can be replaced before the aviual failure. Three phases of falune are

shown in Fig 1.0a which represents failure rate of elecirical componeints.
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Fig. 1.1a: General Form of Failure Rate <The Bathtub Cuorve

Sowurce: Andrew et al, 1996

Reliability, R{t} on the other hand, is the probability that an item will perform a required
function without failure under stated conditions for & stated period of time. It is reloted to filore
rate by the relation R = ¢ -where H is failure rate and t is time. When the équipment is new the
relinhility s high, ond eventunlly it will tend to zero (when in use), as all engincering systems will
eventually fail or deteriorate to such an extent thai they can no longer perform thelr tended
functions. Fig: 1.1b shows typical reliability functions. The aren beveath the reliobility curve is
the Mean Time to Failure (MTTF) of the item.

Published data sources generally give failure ratz figures for phase 2 of the failure rate

turvie. Data on weénr-in and wear-oul characteristics are oflen not ovailable { Andrew et al, 199G),
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13 Scope of Study

Generally, industrial machinery can be grouped into five, These groups ore production
machinerey, ancillary equipment, materinls handling coquipment, transpon equipment and office
equipment. Production machinery such as Inthes, milling moachines, grinders and many other
special purpose production machinery In manufacturing sectors as diverse as textiles, automobile,
lfood processing, agricultural machineries, oil explomtion, refineries, marines, sercnautics efc.,
arg directly required for manufacturing. These set of machineries ore the most critical and
contributes maost to the productivity of an industry. Efforts ol reducing maching down tine
(waiting time) are ofien concentrated on this set of muchineries. Therefore, commercial
matintenance centres have roles 1o play in reducing these down times the more, o enbance
productivity of the jndustries through establishment of ¢ifective response rate.

Ancillary equipment such as generators, compressors, ventifation equipioent, blowers
etc,, are not direetly engaged in monufictuing but are suppontive of the process. Generaily, the
breakdown of nncillary cquipment may not result in sloppage of productton but may reduce
productivity. The effot tewards pettmg the lafter 221 it o operalle Suvdition: i lower as compared

with the former. This set of equipment is expected in commercial industrial mainenance centre

(= 1



after & fruitless efforl in restoring it back to operable condition in the in-house maintenance
department. Sometimes, these equipment could be hired pending the time the solutiom is found tor
fuulty cnes: Standby replacement for standard items and repair of damaged parls strategy could
improve maintenance of these equipment, Therefore, patronage of these equipmoent are fairly
critical in maintenance ceatre. On the other hand, materials handling equipment are also ancillary
but are more critical than geacmal ancitlary machines in that production may stop il these sets of
equipment are not opcrable. In this category a specialised maintenance contre is also required lor
the repair to reduce down time (waiting time).

In case of office equipment such as porsonal computers, typewriters, photocopicrs elo,,
mnd transport equipment, such as trucks, cors, buses. ete., many industrinl establishments tend (o
contract these equipment out (Ikivwan and Bumey, 1994), The maintenance services af tho Iast
two sels of equipmenl ore widely available and competitive in mast of bath developed and
developing countries {Ray, 1979, Ikhwan and Buriey, 1994)). Hence, there is no grave nnsiely
over the maintenance of these sets in many industries, The aren ol critical need is often i the
calegories of production machineries, ancillary equipment snd matersal handling equipment for
which specialized industrial maintenance centres are required (Table 1.1)

This study focused an the optimisation of the stmtegic decisions stated m sections 1.5
and 1.6 for effective planning of maintenance of industrial machinery in maintenance jobshops

Tuble 1.1: Categories of Industrial Machinery

Cilegeries Examples

{11 Production machineiy Laihes, JTu-il?E__- machines, grinder, extruders, planners, ete. o
(i) Ancillary equipment Generators, compressors, ventilation equipment eic,

(iii) Material handling equipment Forklifts, conveyors, hobsts ete,

(iv] Transport equipment Trueks, trailers, lorries, ete.

(v) Office equipment Personal computers, ovpaswriters, photocopicrs, sliredding machine ete.
LA Interrebationships Between Maintenanee Policies and Tndustyial Machinery

The established specialized industrinl maintenanee centre shoukl be capable of
diagnosing the following maintenance probleans:
(i) Preventive maintenance, which involves inspection, periodic chanpes. ol ranning
parts, such as fuses, bearing etc, adjustments of machines and slignment tests.
(i} Repair activity, which involves change of damaged parts and compuonents sach s

gears, shafts, pulleys, belis, electric motors, elc.



(iii)

Overhaul, alse involves total replacement of the moving parts, machine realignment

and testing.

However, maintenance departments shou'd! be capable to execute all forms ol rouline

maintenance aclivities, The interrelationships between types of industrial maching, made of

maintenance and the expected sector where the diagnoses should be done is given in Fig. 1.2

Industrial
Machinery
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HEPATR —|  MAINTURANCT
CLENTHE
ANCILLARY EQUIPMENT
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— CHHTHE
LFFICE BOLIPSHENT T AL TTHE
. P

Fig. 1.2 Interrefationships Between Maintenance Policies and Industrial Machinery

Also, the type of maintenance policy employed determines the extent of toolsfequipment

procurement for maintenance sctivities. For instance, preventive muntenance and general repairs

may require general maintenance tool kits, electrical maintepance tool kits, portable tools and

equipment, inspection cquipment, while m heavy repairs and geneml overhaul, filters’” benches,

metal fabrication unns and drafling departmenis may be included.

L5 Strategic Decisions in Maintensnce Jubshops

The decisions that influesce or determine the effectiveness, efficiency, or sustainability of

maintenance jobshops are termed strategic decisions. The following strategic decisions are aften

made m mantenemes planning:,

i. Service demand forecast.

il. Crew size determination. R

bk, Toals and equipment planning {degree of capital investment).




o
L=

v, Spare parts planning and level ol stock to be maintained.
v Maintenance scheduling (operations planning)

Appropriste and effective decizion must be token for effective operutions of the
maintenance centre. Fig. 1.3 shows the interrelationships between these aflorementioned strategic

decisions,

L Service demiand forecast
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planning ——>3 Crew size determination
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" Is'performance level M

satislctory?

Fig. 1.3: Intervelationship between strategic decisions
Source: Aderoba and Lawal {1997)



Lt Modification (o the Strategic Decisions Interrelationship

Based on the lierature survey, it was noticed that one could gquantitatively assess the
communication  effectivensss  between  crews o maintesance  personnel.  Therefore,
communication planning, which is very vital to effective operation of maintepance svstem could
be introduced to the interrelationship. Communication is a process by which information and data
are passed berween individuals and/or proups by means of media {(symbols or codes understoad
by both transmiter and the receiver and could inglude words, written or spoken) and channels
(the means through which information are passed such as radio, memorandum, newspaper, GSM,
NITEL, ete. Communication planning entails sedrching for simple and most cost eflective
communication channelsis} that  allow(s) easy feedback, and'or the personnel thar
controls/influence the informationfinteraction in the gang, To achieve this goal, communication

must be well planned between maintenance personnel, The medificd chart 15 shown m Fig. 1.4,
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1.7  Significance of Optimising Strategic Decisions

Problems of” wring decision making in maintenance management are evidenced both in
developed and developing worlds, But concerted effons put in solving these problems in the
former are betier than in the Intter (Ray, 1979), In developing countries in which Nigena is one,
slow pace of maintenance improvement has caused a lot of hiovoe o indusirind development,
which dircetly affects the economy. Hence, the optimisation of aforementioned strategic
decisions will give o green light 10 the dwindling maintenance jobshops operating locally or
abrond a5 o0 how 0 operate effectively, cfficiently and profitably, The effectiveness of
maintenance operation could be further enhanced by providing a framework that mtegrates the
strategic decisions and by developing a sofiware program to satisfy the present need of computor
iechnology
1.8 Scope of Maintenance Jobshop Services

Muomtenance jobshop is a centre where defective mochineries, equipments and other
facilitics are brought back to operable conditian. Maintcegnce jobshop services entail: road
miaintenanee ( this involves maintenance of roads, culvert, drainsge, ete.); sewage mainlensnce (i
ivolves meinkenance of sewape, reluse, ete ) elecincalfelectronics muointennnee  (ily services
ivelves maintenance ol electrical and electronics applinnces and facilitics such as computers,
television set, radio sel, eic. ) struclure mainlenance {its yervices cover mainteaance of buildings
and its focilities such as plumbing, air-copditioning system, fridge and geocrml focilitics
mailenonce); aulomohbile maintenance {its services deal with mointenance of various hrands of
automobiles such as lorries, fockiifts, buses, cars, ete); and industrial machinery mainlenance
{which covers the maintenance of industriai machinery und equipment such as lathes, millig,
grinding machines, ete. ).

Examples of Muaintenance jobshops are Federal Road Maintenance Agency (FERMA),
John Holt Engineering Limited, Lagos, Leventis Power System Limited, Lagos, L. W. Lambourn
Limited, Lagos, Afolabi Dehinde Mainteaance Shop, Akure, Focus Engineeringe Limited, Akure;
Joo Mike Enginecring Services Osogbo and Fadlas Engineering Services;, Osozba, There me
thousands of road side mechanics, electrician, plumbers etc, which are other examples of
maintenances jobshops on a small scale,
1.9 Modelling Concept

The mathematical modelling in this study will be based an an encompassmg single-
chonnel, multi-server gueveing system with sub-models for optimising response rate as well s

the various sieategic decisions,

L



L1 Research Objectives
The aim of this study 5 to develop a quantitative method for determining the
sustainability of maintenance jobshops andfor sustainability of ext.Ulishing additional eentre,
subject to employed malntenance policy, maintenance cosis, as wedl as response rates of
customers. The specific objectives af this research are to:
(i) optimise  simtegic decisions in maiptersnce syslems for effective and profitable
operations in mainténrancs job-shops.
(i}  develop a guantitative approach of establishing a cost effective mantenance centre, this
could be implementable in developed and developing countries.
(iii}  determine the response rates 1o such maintenance centres and evaluate ther

sustzinability.

L
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CHAPTER TWQ
2.0 LITERATURE REVIEW

Effectiveness of various strategic decisions in many maintenunce organisations is being
vicwed, as an important factor that deserves evaluation. Majority of the curment works focesed on
optimisation of individunl strategic decisions. Henee, there 15 need for integration. Current works
on maintenance planning in the areas of service demand forecast, crew size delermination, toels
and equipment planning, spare parts inventory, job scheduling and communication plenning are
revicwed below:

2.1 Serviee Demand Forecast

Lowal and Lawal (2001)'s work on the use of forccasting techniques i Nigerian
indusiries has revealed that many urgalli:iatiunré in Migeria are deeply invalved in the use of
quantitative forecasting techniques o forecast their service demand, The only problem idemified
trom the resulis of Lawal and Lawal's work was that each organization is familiar with the use of
ouily one forecasting technique. By this, evaiustion of effectiveness of service demand [orecast
becomes difficult since other forecasting techniques may prove more efficient,

In another work of Lawal and Lawal (2002), they made use of the moving average o
forecast for the sales force in a local bottling plant, In this worlg, effectiveness of the emploved
technique was lested using Meoan Absolute Deviation (MAD) and Mean Absolute Percentuge
Error {MAPE). The Lawal and Lawal's work fuiled 1o consider Mean Square Error (MSE)
evilluatan which Kichord et ad {F9ET) clonmmed w be more peouraie than MAPE and MAD aror
evaluations. Aderoba and Lawal {1997} supgested a formula, which may be uschul m service
demond evaluation. The Tormuia could be effective Tn evalunting service demand i mainlenange
job-shops because all necessary influencing fuctors associated with call for maintenaice were
appropriastely combined in the forécasting equation. The demerit of the model is in the par of
adu-evitluation of cumulative forecasting errors.

1.1  Crew Gang Determination

Effectiveness of crew sang in maintenance operations had been receiving attention in the
pas years, Raymond (1988 ) used multiple activity process chort to minimise the operation time
subject to o reasonable number of personmel. The npnioach assumed egaal efforts contribution
from _each persomnel and the additional personnel works in parallel with the former. These
assumplions were rejected by Lester {(1988) in his work who ascertained that it is not the size of
the personne] that is impontam but the technical competence, cooperation of 1he crew embers
and the group dvnamics. Therefore, reliability is very important in determination of effective
crew pang. In Shaw (1970), preventive maintegance requisition and repair reguisitions were
separated. Ome crew is cxpected fo execule preventive maimenance requisition while another

crew 15 empowered (o work on repair reguisition, The maintenance crew shifi is made a1 time, 1,
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when the repair backlog is sulficiently big, W {1} > 8 {threshold value), but when backlog his
vanished, that is, W(t) < @, the mointenance crew 15 shifted back to his main duty, This can be
effectively used for crew pang determination by translating threshold value O w be repair capacity
al the existing crew, and W({t) to be jobs reporied at time 1. Therefore, number of maintenance
gang to accomplish all orders at time t can be obtnined from:

5 =W (1) /0 2.1

Where,

S = crew pang

Wit) = quantity of jobs reported at time t, and

8= Maximum jobs that ean be executed atl time t by the existing crews.

Smularly, w Sediki (2001%  manpower determnction  was done by oreplaging
repair/maintenance backlog, Wit} by expected mainfenance wan-hour, t. while o maintenance
crew capacity, D was replaced by number af hours available Tor maintenance during the pericd,
That is,
5= LA, {221

Aderoba (2000), considered manpoveer tequirement i job-shops in line of Tull time staff
and overtime staff, but the principle used was similar to workload method but a realistic job
demand forecasting was incloded. However, Fapetu and Kareem (2003) developed o workload
approwch 1o erew size determination by introducing use factor 1, to account Tor the uncertainly in
the performance of maintenance crew (Richard, 1976).

Number of crew(s) for a particular skill is given as;
S=t1.-N (2:3)
Where = use factor, which ranges from 0 <f< 1,

In Aderoba and Lawal (1997}, a heuristic was used to determine crew pang based on
guening model, using, an approach simi]a.r to Shaw (1976}, which waiting thme W, of jobs
repliced  repair‘maintenance backlogs and  response  rate W' replaced the  eapecied
repair/maintenance capacity ol the engaged crew.

Thar is,
5=WJ/W,* (2.4)
Since the crew may not be 100% eflicient, then used factar, §, which ean be reasonably

termed "Reliability facton™, should be included.
Therefore, S =W (W, *.1) o (2.5)



i3 Equipment Flanning

Equipment/machine planning for production activities lad been receiving attention by
researchers in the past. In earlier works, a model, which established number of machine required,
was derived, by dividing ihe zapacity required by the available capacity (Aderoba, 2003).

o =G R 7))

where, =

i, = mamber {nfumlchincs required for operation i
T, = the capacity required for ith operation (unitsthr)

i = the capacity of the available machine i (units/lir).

This model can be effectively uwsed in a system where capacity ulilization can be
predetermined. Due to Stochastic natwre of service demand m mamlenance jobshops,
equipmenttools utifization rate becomes unstable; hence, the model becomes inapplcable,
Queving model (Richard et al, 1987) had been sdapted for determining the number of
machine/equipment required for production activities. This was done by considering a
machinefequipment as a service factlity, while the jobs processed through it were considered as
customers, cach arriving al random with their job charseteristics of processing times. The number
of machines required was determined for a particular operation by maeking use of wailing time of
jobs in queve when the service facility is busy, leading to a complex multi-server quening systent.
In the case of maintenance jl;:lb—s.hups equipment planning is sot only depends on the arviving jobs
but also depends on maintenance policy employed by the management, Also, Aderoba { 1997) and
Idris and Adercba (2000), planned for equipment by developing a model for sequentinl
investmen! in machineries. In this model, machinery next for mvestment based on the availuble
capital (after periodical sugmentation from ploughed back earning) was selecied using rate of
returm on jnvestment, In mamtenance job-shops, necessary tools‘cquipment for the selected
maintenance policy must be avallable at a single-stage, Therefore, avgmentation of cevenue if
required may be done along the various maintenance policies lne.

2.4 Spare Parts Planning

It is not worthwhile to stock «ll the parls necessary for mainlensnce activities in
maintenance job-shops, Instead, most important, costly or scarce spare parts must be given
* pricrity {to reduce spare parts inventory cost aid to enhance response rate), while the less
expensive; non-scarce spire parts could be bought immediately when needed, The lormer process
& similar 1o Just-In-Time (N7 y-inventory system: In liternture the inventory items are divided into
} classes (Richard et al, 1987 and Andrew ot al, 19496)

A- Ttems; These items are very scarce and expensive, Based on Parstos optimality crituria as

stated m Richard et al (I987), it can be roughly interpreted 25 80% of o problem comes from 20%
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of the possible causes, The A-class tlems are few in number, usually less than 0%, but aceount
Tor about 70% of the total cost value of the stock,

B- items; Less frogquem orders are placed for these itlems. B-Class fems are about 20% aof the
total number of items but secounts for about 23% of the total cost value.

C- items; These classes of items are cheap and readily svaitable, The 70% items of category C
pnount to only 5% of the total cost value,

The A- B- C nnalysis allows most attentidh to be paid to A- class items while the lenst
attention is paid to C jftems. Therefore, it is pertinent for the management of maintenance job-
shops to direct their attention on A- class of spare parts which needs 10 be ordered fregquently but
in small guantities 20 as to reduce tied down capital, and allows the customers to procure readily
available and relatively cheap items of categories B and C. The Economic Order Quantity { EOLY)
{thnt iz, quantity of arder which will result to the least cost of inventory) of the A-closs spare parts
1 wven as i classical mventory model (Marin, [988)

EQQ = L ={2pY/CI) (2.7)
where,

Y = number of pieces used for o vear.

p=total cost of purchasing and receiving one order quantity.

€= cost per piece, including froihi

L= number of parts in a single order

I = vearly wvestory carrying cost (in percentage of MNaim value),

The frequency of order of a spare part per vear, N is given as:

N=Y/EOQ (2.8}

Further modification was done by Buzacon {1973} an the classical imventory model by
ingorporating constant inffation rates, Akanbi et al (2001) incorporated both inflation and interest
rtes and Richard et ol {1987 introduced use-and receipt rates,

However, Bello et al, (2000) described how principles of interchanpeability of pans can
be used to reduce the excess stock by identifying spare parls (through survey) that can be
substituted for another, This development would prevent duplication of order with attendant hike
L ISRy CusL
15 Commumication Plannins ; -

Commumication 158 o mechenism for effective confroi of a systein.  Without
communication, ¢omprehensive presentation of salient ideas would be impossible. Therelome,
eflective commumcation 15 needed for improved productivity and performance.  Knight [ 1988)
stated and analysed the problem of communications. He found out that effective information

clovngl should be:

-
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(1) Lip through the supervisory organisation;
(i) Down through the supervisony organisition, m.rd
1i) Laterally ncross the same level of organisation,
Andrew et al (19%6) stated mathematical formula relating group imteractions as
N=P(P-1} (2.9
wikizriz,
M = I8 number of interactions
P = is number of members of the group
The formula given by Andrew et al (1996) can be elfectively adapted for maimtenance crew/team
nteractions. Further work of Stephen (2001 ) employed all ¢hannel patterns of communication
with Social Metwork Analysis (SNA) o measure and analyse how communicalion ooours

between individuals and groups. His anelyses can be put into mathematical form as:

=, i

Pij |: 21

IRy

Pij can be térmed the matrix of communication among the individuals that make up o crow/team.
Subscripts 1 and j denote personnel, | communicates with another personnel j during maintenance
operation. The aim of the maintenance centre is to reduce communication cost and ot the same
time mimintain effective mleracticn. Theovelone, m_ﬂdiﬁml:'lui: o the above should be done 1o
in¢lude degreeflevel of interaction of mdividual, allowable tine of interaction and e means of
e i,

L6 Maintenance Scheduling and Costing

Many researchers had done # lot on how best to effectively schedule maintensnce
getivaties, Soime of the works ol those researchers are diil:uﬁ:&ﬂ-l.i here:

Kenne and Gharbi (199) developed a simulation model, o effectively  schedule
muintenance activities on o production machine, In thizs model, the following quuntities werne
determined:

(e The age of the machine at which one can plon to do preventive muintenance. At this
ngat[m machine is sent for preventive maching,

(i) The age of the machine at which it is necessary to stock parts (breakdown
maintenance), Hr:i'-:ule this age, the machine is supposed 10 be new, and at this time
production is optimal, and

(i)  Value of the threshold or number of parts to maintain in stock W hedpe ngainst

machine breakdowns,



Kenne and Gharbi's work would be useful fn scheduling maintenomce activities ol o
prodijetion organisation that operates maingenance department. In the case of maintenance job-
shops, varietics of jobs are expected from  customers, hence its mognitude cannol be
predetermined easily (Colien, 1983), Therefore, jobs scheduling of this Kmd based on the
balancing of production with maintenance may be impossible. Instead, amrival rate magnitude al a
particular period could be taken as independent variable while: maintenance rates could be
referred to as dependent variables.

Meanwhile, Matsui et ol (1999) scheduled activities based on switch over and onder
sclection such that, when backlog was too much, the system was switched over to high service
rate; ot less orders, low service rate was shifted to. This scheduling system could be adapted in
maintenance job-shops by choosing service mte based on the magnitude of repair jobs at hand

Other warks done are: Azadivar and Shu (1999) scheduled activities based on
mainlenance policy: Swanson (1999) sclreduldd maintenance activities based on production
technologies: that is, Advance Manufacturing Techoology (AMT) and Just-In-Tune (JIT)
manufacturing technologies; Uffiong (2002} scheduled mamtenance jobs based on the age and
functions of the moechines by determining group maintenance scheduling of the machines; lkpo
(2000} vsed maintenance cost analysis to determine whether to schedule machines for repair or
replace; aud Chanes—Uwahlﬂ {2002}, scheduled preventive maintenance sctivities using Gantt
Charting method. Most of these works {in literature) found ready application in production
fystems operating a maintenanoe department where the magnitude of jobs can be ecasily pro-
determined. In the same wvam, the activity-based costing (ABC) method (Coopor, [990 and
Brimson, 1991) in the recent times could be well adapted to maintienance costing to guard aguinst
underestimation of maintenance cosi.

0" Donovan et &l { 1999} described maintenance and repair as one of the factors militating
against fulfilment of job shop schadulingand & mest be well planned for, (o mmmmse waiting
time. In line with this, they camed out 8 research on prédictable scheduling of o single machine
with breakdowns and sensitive jobs. They also ook other factors such us resources, sel upy,
personnel scheduling, future dilemmas eitc, into consideration. The mode! developed was based
on ‘Known uncertainty " out of the three types of unceramties described in this work,

(i} Known uncertninties, are those about which some information s availahle
when the prediclive schedule is genterated. An example is machine
breakdowns whase frequency and dumtion may be charactesised by
probability distributions, The probability of bréakdawns or repair dilficulties
can be determined from historical date.

(1) Suspicious about the future; this is based o: intuition and experience, and i
15 difficult to quantity. Decision support systems can be ased in these casey
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tw develop alternative algorithm:, evalustion schemes, mutation generaled
oplion {genetic -algerithms), ane provide a more intoractive what — if
scheduling tool '

(iiiy  Complete unknown, are unpredictable events, such as a sudden strike, about
which no advance information is available. Little can be done sboul these
except react. The development of schedules for system in the face of this
type of uncerfainty is difficult.

Ot of these three uncertainties, only known uncertamnty can be used lor casy and
comprehensive modelling. Therefore, known uncertainty will form the basis of the current study.

The work of Azadiar and Shu (1999) on the maintenance policy selection for just-in-time
{117} production system, described varions policies often sdopted in maintenance system: such as,
preventive, predictive, reactive or breakdown, opportunist, time based and MTEF (Mesn Time
Between Fatlure) based. These policics were tested by simulation technigque esing the following
characteristics factors such as job routing complexity, breakdown severity, production load,
eoellicient of variation of MTEF, cecfficient of variation of Mean - Time To Repair (MTTR},
repair load, mtio of preventive and repair maintenance (PM/RM), ond probability of PM
correciness, range limiled factors which are demand wrgency (that is, due dates and bufTer size)
indl insignificant factors such as number of end product types, number of operdtion per produect,
WMTHF, resource availability, probability distribution types and performonce constroints: The
basic defimitions of aforementioned factors are as fallows:

(i) Job routing complexity, the complexities involved in muliiple pass through n
machine, part andfor machine shiring ete, It indicates the complexity of a
maintenance system configuration,

Lii) Resource avalability, i2 defined as MIBEAMTEBF + MTTRE} where MITR
represcils metn time 1o repoir, :

(11)  Breakdown severity as defined by MTTR demand rate [t indicates the breakdown
severity in terins of the amount of demaend during the down Gime.

[iv]) Production load, 15 defined as the rabie of the busy tme aver the up-time. It 15 an
indication of the traffic density in the system. It is obained by dividing the avernpg
work content of the demand to the average availnble production time,

(v} Constraint with respect 10 reguired level of performance. Possible performance
constraints ane e level time and the bound on the average Inventory levels i the
system,

(vi}  Cocflicient of variation of MTEF, as an indication of the variability of MTBF.

(vii)  Cocfficient of variation of MTTR, as an indication of the variability of MTTE.
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{viii) Roepair load, in terms of the mto of jproduction resourcesfrepair resources, os an
mdication for the potential traflic donsity for the repair process

{ix]  Demand wrgency. in terms of the ratio of due dotedwork content of the jub, as an
indicator for the tightness of the schedule,

) Allowed buffer size, a5 a factor that reduces the eff'eﬂ of hreakdown,

(xi)  Ratio of PM/RM efforts is when a combined preventive and reactive mainienance
policies are used.

(Wi} Probability o1 M correctness, as an mdication of e guality of e anonieiane
process.

Amaong these factors, system complexity requires additional explanaticns. Fig 2.1 shows
two systems each with two product types and two operations per prodoct. The nodes i this
picture represent the states of the produet while arcs indicate the process. The letter on ares
represents the name of the resource needed for the process. The figure ot left represents the
simplest routing, while the right hand side pieture shows a much piore comples reting. Sharing

of the resources among different process has further complicated this system,

Simple

Fig. i.1: Example of Routing Complexity
Sowrce: Azadivar and Shu (1999}

When simulation runs were conducied II:_I;L| results showed that reactive or breikdown
policy failed in almost all the factors considered, therefore, it can be conchuded thal it is nol
worthwhile to carry oul reactive maintenance policy in-n production organizatim. In view of tos
establishment of & specialised commercial maintecnance centre is required (o enbance the
sustainabilily of the reactive/breakdown maintenance policy.

Swanson { 1999 also based his work ouihe bmpast of new production techaologies on the
maintenance function.  He empirically assessed the impact of two new production syslems;
Advance Manufacturing Technology (AMT) and Jost-in-Time {J[i'] monuircturing, on the
mamlenance practices, Swanson used the loliowlty three hypotheses to analyse the mmpact o
maintenance practices on AMT and JIT.

{1 The use of maintenance practices that improve sommunication and coordination

”,
including decentralisation, use of teams and wse of compulerized mainlenance
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management systems would be higher for plants reporting more extensive use ol
AMT and JIT.

(i) The use of mainienance practices that increase technical expertise including training,
use of professional maintenance staff, and operator involvément in maintenonee ashs
will be higher for pluats reponing more edensive use of AMT and JIT; and

{iiiy  The wvse of maintenance praclices that reduce the frequency and durstion of
equipment [ailure including pr:m-r."hliw"ﬁmilimnmw: programs and maintenince spang
parts codtrol will be higher for plants reporting more extensive use ol AM | and 1

He tested aforementioned hypotheses using bierarchical regression analysis, and the
results revealed that, ANIT supported the use of computerized mainlenance management systems:
immining professional staff, preventive maintenance and spare parts control while JIT supported
only operator involvement in maintenance tasks. Hence, AMT, requires more of mainicnance
practices (becouse of s complexity) than JIT manufoctoring system.  Since AMT supporied
majority of decisions stated above, the current study will find ity customers in 2 manufacturing
sysbem using AMT,

The heuristics procedure developed by Offiong {2002) for the determination of group
mainterianee scheduling frequencies has some characteristics, which can be wtilized In the
effective operation of the proposad maintenance centre. The results of the hewristics showed that
proup maintenance scheduling is favourable (or new machines {minor preventive mainbenanog is
maximil ot a given cycle of major preventive maintenance). Aud both group and individual
preventive maintenance strategies could be sdopted whon there is moderation™in the level of
minor preventive maintenance within a given major preventive mantenance cycle. Sinece
maintenance centre should be wble to cater for all forms of repair jobs, group maintenance
schedule may be adopted Soe cimiliar jobs and dissimilar jobs should be malntained individually
Also, Nigerian industrics ave characterized by old and fairly used machineries which involves
excessive (breakdown) maimtenance activities {Ineghenchor and  Adeniyi, 2002), there is
possibility of using mose of individual maintenance scheduling than group maintenance
scheduling in the operation of the mamtenance centre. Backlog of repairable machines and
equipiment waiting for repair in Nigerian industries 15 alss evidenced in the study of Lawal and
Adeyemo (2002) on maintenonee ptr['nrmnn:-n:_nppr;a_isal in local production organisations, These
seenarios call for the need for formidable and elfective mulntenianee cotities in Nigeria, o
aother work of Offiong (2001), aa efficient methed was developed 1o detenmine optiimal
rephtcentent period for a group of m-iuh_ints- In this model, optimal replacement period for o
group of machie parts was better than repairs. Another version ol this work is the work of  Tkpo
(2000} on optimal economic eritecia for the mainienance of repaicable building component, His

mede] helped to choose better alternatives, to repair or replace based on the cost analysis of the
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repair jobs. This work is different from that of Offiong {2001) because it dealt with aaly
replacement schedule,

Efforts toward effective maintenance jobs scheduling can also be witnessed in the work
of Charles-Owaba (2002} on Gantt charting multiple machines' preventive maointenance
activities. In this study, a Ganit charting problem was formulated for scheduling M machines on
Gantt charts for T aliernative operation and maintenance periods. The system was formulated
and solved as a lingar programming teansportation model. This model achieved the minimization
of preventive maintenange cost by making use of operation and machine e periods as variables,
and maintenance activities duration and Unit cost as parameters.  The model finds ready
apphication in production systems operating a maintensnce department,

7 Performance Evaluation

Maintehance performance measures are used pgenerally to evalunte maintenance
performance. This can be done manually or by the uss of computer. Certain selected factors {as
applicable to any maintenence organization that wanis to measure s effectiveness) must be
regularly plotted on & chart in order to determing the trends based on moenthiy, quanerly, senu
annually or annually. From these trends, it can be discovered how the values computed vary
along a time-scale and a rising or falling trend in one variable affect the other. Thase results will
help to discover in what way measures taken in one area effect results in another, either
fuvourable or unfavourable, confusing or uselul. Since simulation and “modelling” are well
accepted technigques, those indices could be fed inte program of essessment by Indicating high or
low effectiveness range to the computer, ez, 87: 6%, high: low, good bad or indifferent. From
these results, the aspect of effectiveness measurement, which needs improvement, can be easily
identified, and implemented. Table 2.1 shows twenty of sich maintenance performance measures.
Numerpus performance measures are being used by management to relate the performuance of
maintenance o other factors, 1

Priel (1974) has written authoritatively on maintenance organization particularfy on
maintenance ratios, The ration are useful for effective maintenance plannimg. Table 2.1 shows
twenly of such mantenance ratios. In the same vain, Nwachukwi {2000} listed the criteria
relating to malatenance performance measures. Among them ane:

(1) Maintenance [sbour productivity

(1) Downtime — Preventive Maintenance

(i) Budgeted Expenses

{iv} Condition of Equipment
He also stated nine maintenance performance indices based on maintenance rlios. These are
shown in Table 2.2, Each mainlenance sector is to select the most appropriate combination based

on the objectives of the measurement and peculiarity of the maintenance sector,
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Table 2.1: Twenty Maintenance Performance Ratios

— L Manpuwer efficlency = Tistal nsniv-lsies allowed

TR0l ORAn-NO6Ts Worked on sime j:ﬁh

— M 2. Inctndive covernge _ Man-hour an bonus
Tatal dircet howrs availahle
A. Crafl covilisation = Totid crafl houss wicked
- Total crall Tiours clocked
Chreraiion of 4. Work-done lwmaver = Mumiber of jobs completed
the Wark Total mumiber of jobs fondled
— peder piogies
rlaininnnoe
Dapatinienl  — 5. Completlon delays = R 11 PR T AT o [ o
Blumaber af jobs handled
e partmenial A Cost of mainlenmmgs = Tinl mpiigannnee goxs
SCOmMITY liziar . = Total direch maanl. Hors applicd
T, Departmseny awerhend = Tolal overhead cogti
Tt ssainicoanee eapeilite
cDhovwenlinge due to main = Total dowatine e services
Trtal shail fivrs warkea
__ Plami &
cojuiprment )
perlonmances
4, Heesbdown frequency = Linies proguced of howrs worked
I umber of breakdewn
10, Roodine service wonked = otk lowrs on g lor servics
Degres of : Tistnl dirces upplicd main hours
L planiing
_ 1. Breokdassry sk ol = Terfuil liaars cpessd un breskdewn epain

Tolal direct roducing Brs

12, Mubimance & prod matic = Tods! mmmicnance dinzei hings
e 0f The umé. of

BHTVRE. 1 services
—
13 Meincmasce ol echunzmm = ool elockad mamicnanc lies
Iﬁul Ei I.".II1I1.I1LEE| Eir.ll.'|||m1,:r
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Table 2.1 contd,

14, Muaintenance cost = Tutal mainlepancg expendiiure
CanEpaienl umber of units producsl
Coat of rrvioes 15, Cost ol schedulbe - ﬂ _sechedule servicas
il servioe Tatal prodisction cost
I6. Cost of supplies = Losl ol sypplics and sparas
i spares Totad dmeesimens valag
17, Mumienance cost = Tiotal muinienmises expendilon
ol imvesiment Tolal fnvestnenl valug
18, Cost af seluiction = Index: o, 10 = Roulies servios svorkel
E‘:;‘;‘:tm“ _J— jdex Mo, & Cost of mainienance hours

Saurce: Prel, 1974

A Oweroll mbe of chpenae

14, Bdaintennmee 1inlensity = fndex Mo 12 = Mantennnee'priskucism firg

hechanization haur per direcy production
worked

iy Mo, 14 = Manisunce oot wanp
Inilex MWa. 13 Maintenance of mechanization

Table 2.2: Maintenanee Performance Indices ™

| Manpower utilfisation Total man hours workedl
Totnl man hours nvailabic
2 Wark order turnover No, ol jobs completed during a period
No. of jobs on hand during the period
3 Cost of maintenance hour Tolal mainlensnce casls
Total direct maintenance hours |
4 Downtime due to maintenance Total downtime for service
Total muntenance hours worked
§ Machine aviilzb v Downtime during a period x 100%
o Available machine hours during the period
6 Routine service v =tk load Total hours of regular service
Maimtenance hours
7 Maintenance o production ratio Total maintenance direct hours
Total production direct hours
] Maintenanee cost component Total maintenance expenditure
Mo of units produced
) Cost of reduction afforts II N " Routine service work load =
! Cost of maintenance hours,
Source: Nwachukwe 2000

Harlin {1979) also gives some productivity sad elficiency expressions {Tuble 2.3) and

Conder {1957} developed maimtenance efficiency index, found 1o give good resulls in same type

of industry and partly applicabie in some ofhiers. The index is given as:
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s K/ (XC + YL +7) (2.11)

where;

E. maintenance efficiency index.

C, the total pure maintenance cost including preventive, corrective and emergence mainienance
expressed asa percentage of the replacement value of the plant and equipment.

¥, toial cost of lost time due to maintenance causes in base year,

L, the tofal down time due to maintenance expressed as percentage of the scheduled production
Hours,

X, bdal cost of maintenance in base vear

£, total cost of waste due to mainténance cause in base year

K. Constant, chosen s0 thoat il has value of 1 for the baze veoar

Tuble 2.3: Maintenance Productivity Measores

(1| Productiviky = Units of production
Mainbenance Hours
2 | Productivity = Units af production
Replacement cost of investment
1 | Productivity = i Units of production
Replacement cosl of investmang
4 | Efficiency of Preventive Maintenance = Emergency maintenanee hours
'reventive maintenance hours
§ | Efficiency of Machine Utifisation = [A'~ B} - IC-Dj
. (A=B]
wlhere,

A, Total available operating hours (that is 24 his . day).
B, Scheduled operating downtime hours
C, Bcheduled mechanical downtime hours
0, None scheduled mechanical downlime hours
Olorunniwo (1986, 1989) classified soveral other maintenance productivity imeasures thar

have been supggested in literature and used in practice (see Table 2.4).




Table 2.4: Typical Maintenunce Productivity Improvement Measurement Rutios

Performance ' Unit. | Expressian
Measures
EQUIPMENT
l. | Equipment Available Ya Equipament Running Time
Kunning Time + Down Time
7 | Trends in Downtime Hours Monthly downtime by equipment tmie
3 | Equipment  Shutdown | %o/time MNumber of Shuldown X 100
Ratio Active Time
4 | Equipment  Shutdown | % Downtime from Shutdown X o0
Intensity Active Time
5 | Emergency Failure | Moftime MNumber of emergency Failures X 100
Frequency Ratio Operating Time
6 | Emergency Failure | % Downtime from Frequency Failures X 100
lnmensity Ratio Operating Time
LABOUR
7 | Manpower Efficiency Y% Total Man-Heurs allowed If!-l'j:vi:- o
I Actual Man-hours spent on same jobs
B | Craft Litilization %a Total Craft-Flours work_ X |00
Tow! Craft-Howrs Clocked
91 Average Waork-order | Duys/No {1ssue Date-Completion Date) lor jub i X 1K)
Completon Time = Toaal number ol jobs studied
10 | Work-Order Tum over | % No of Jobs Completed X 100
No of Jobs Handled |
PLANNING AND SCHEDULE
11 | Mot Maintenance Work | % | I‘M thry +CM the) + BM (hej X 100
Ratio Total working Time of Maintenanes man
12 | Planned  Maintenance | % PM (hr)+ CM (hr) X 100
Work ratio I Total Maintenance working Time
13 | Actual Backlog %o Houwrs of Maintennnce on open Orders
I Weekly Maintenance Crew Flours
14 | Forecasting Y Hours of Maintenance on Open Work COrders
Effectiveness Weekly Maintenance Crew Hoors
|
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Table 2.4 Contd.

15 | Completion Delays Weeks! Job Job-weeks of [elays
MWumber of Jobs Handle
16 | Overtime Ratio U Total Overtime Hours X 100
Total Maintenance Hours
17 | Maintenance 1% Total Direet Maimenaneg our X I .|:|.|EI'
Productivity Ratio Total Direct Production {Hrs)
18 | Number of Equipment | Size No
per Maintenance Man
MATERIALS & SPARES
19 | @il Consumption Ratio Litres of Oil Consuimed
Total No of Machiners
20 | Matenal Cost Rauo e/ Hr Reparr Material Costs
Total man-hours of repair wark
21 | Parts Stock Turnover Y Purts issued lor the perod X [
Stocks of parts ai the end of period
22 | Inventory Shrinkage | % Inventory investment verified X 100
Ratio lnventory imvestment expected
23 | Parts Order Processing | No'Hours Equivatent Orders picked
Ratio Labour Hours Reguired
24 | Inventory fill Ratio Y I Item Demands filled X 100
. Items Demind
25 | Storage Space | % Storage Space Oecupied by Materials X 100
LUtilization Totu] Stornge Spave
26 | Aisle  Percentage of | % Space Oecupied by Aisles X o0
Spoce Total Space
27 | Material Handling | % Asslgned 10 Hoodling Dutes. X 100
Labour Ratio Total Mainlenance Workforce
28 | Parts Hondling Time | % Materials Handling Time by Direct Lobour X 100
Ratio Total Muintenance Direct Labour time
29 [ Cost af Mu]nlcrumcel M Hr Cost of Mamienance i o

Hour

Taotal man-hour spent on work-order
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Talble 2.4 Contd,

30 | Maintenance  cost - per | W Hr Total Maintenance cost
operating time Equipment Operating time

31 | Mamtenance cost-| s Mo Total Mamtenanse cost D
Component Production Volume

32 | Breskdown Cost. to| % Cost of Breakdowns. X 100 R
Total Production Cost Total production Cost

33 | Overall  Maintenance | % Maintenance Cost = Cost of Downtime. X 100
Cost Effectivencss Equipment Investment

34 | Madntenance Y (Maintenance Cost + Cost of Downtime) Tor Last
[ oy ement (pase) period
lustification mut'mcimm:c Cost + Cost of Current Downlime)

for curment period

35 | Mamntenance Breakdown | Mo Cost of Breakdown Repmir
Sewerity Total Number of Breakdown

36 | Extent of Breakdown | % Direct Cost of Breakdown Repar x 100
Repair _ Direct Cast of Maintcnance

37 | Direct Maintenance Yo T Total Direct Maintesance Cost X 100

Total Maintenance Expenditure

38 | Contract Maintenance B Yo - Total Cost of Contract Maintenance X 100

| Total Cost of Mpntenanee

139 | Cost of Supplies and | % Cost of Spares Use X 100
Spares Initial Cost of Maintenance

40 | Progress in Cost | % - Schedule Job X { |/lndex 32)
Reduction Total man-hours Availabie

Source: Olorunniwe, l;:"ﬂ‘?
Aderoba and Bancrjee (1993), also gave different methodoiogies and approaches to
measure the effectiveness and performance of maintenance in public sector. Some of these
approaches are the use of system analysis, operation research, production manigement iethods
and management science. There are well tested methods and technigues in industrial engincering
such as work-study and Eyﬁltn;s Approach which can also be used in muimenanee elfvclivenvss
reasuranenl,

Maintenance performance measurement invelves defining what measurement criteria are

to be used. The few sets of perfonrance measurement criteria to be used should appropriately
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reflect the poats of maintenance elfectiveness and completely assessed maintenance activilies and
also al the same time emjoying wide acceptabrlity by manogement and mamtenance depanment,
Unfortunately, there is little agreement among industrial executives as to what sre the relevant
eriteria in designing productivity indices, The theorists are also equally divided.

Clorunniwe (1986) also bunresses this fact by staung that there org severnl surmogine
maintenance productivity measures which have been sugpgesied and used in practice bl which are
rot entirely ecceplable to either the management and or the maimenance department. Also, those
whose performance s lo be evaluated by the use of these productivity ratios lwve nol been
adequately invalved in the definition of these criteria and the development of the appropriate
scile of measurement. He sugpested that the mvolvement could be encouraged by the use of
proven feclmiques o ensure participation in any program planning s the Nominal Croop
Teehnigque (MGT)

However, Aderoba and Lawal (1997) suggested a pood performance mdex for
ecmunercial monitenance centre. [L 8 the rato of response rate 0 e cost of o nruolenandg gang,
Also, for the effective costing of the job, Aderoba {2001) enumerated various elements (activily
bnsed) of cost in jobshop operations. These activity based cost (labour, space, utility) clements
will be useful for effective evaluation of centre performance.

Maintenance Performance had been measured by using maintenance ratios especially
mmintenance-cost- hour (Priel, 1974), productivity ritio (Qlorunniwo, 1989), vesponse rate o cost
ratio { Aderoba and Lawal, 1997} Out of these performance measures stated, only response mie to
cost and mamtenance cost hours could be useful Br mamtenance centre perfonnance measung,

Also, further performance: measures based on post-optimality analyses such us benefi-
cost, sensitivity, elc could also be used to obtamn. the best maintenance policy. The summury af
guantitative toods: that had been used in [iterature to optimise strategic decisions and their

limitations is presented in Tahle 2.5,
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Table 2.5 Quantitalive Tools for Oplimisioz Strategic Declsions

Mlaliipiz-ncgivity process chan

Mo Befighitity coaneepl

Seguentind invesinuam

Cuewing moded Mo Reliahility concept [WR)
fwlmlemanee work loads Predeiamuined & (NI
Muintennnce work loads Predetermined & (NR)
Muintenanee work foails Predutemmined & (HR)
Muinienanes thie snalysis Predeicrmined & (WE)
Diyizhinibe fidrerommiing W Pasi-thme siaff & (NR)

Patoold said espuipatient - | Capacily wlibsabion meilied Prodeteimuined

plamring Cluewing methaxl M Set Theury

Espmip. procoremeni nol based an
It e TneE ]'u:liil.:_'.'

Sirategic Decizion Froposed feols Limitations Suarces
Servive domnd Forecasting Lechnicuoes: 1
larecas - bdoving averages witli nn
empirical relnationship N Error Evaluitton Acleroba and Lawal | 15997
= Muoving averapes Mo Mean Spuere Error Lavwenl urad [anwnk (2401 )
i ' = Foregasd wirors anilisis M inmlegralion Ipichim] el | 19EY
Crew size Cnzcuing mesdel — Hevristlca Mo Heliability concent Aideruba amal Lowal {1997
duttrmination Queuing model — Heuristics Mo Relinbifity concepl Karezm nad Aderal (200 |

:I-f...]_'.luuml | VURE)
Shinw (| 970} |
b ¢ 1930

Priel (1974}
Cilorummiwen | FEEW)
Sodih (20 )
Aderahu {3000

Adderoba | 2kl

fichand ate o § USRS
Anlgrohi (199 T ) Idns wand
Anderulsn (200

Ulperitions planning

Simulation rechnkgue
Ginisii-chariipg (LP

fApare poris plannipg | Inveniony mocz] Mt use anl recespl mte Murtin | [855)
Inventory sl Mo use and roceipl ke Aunnilrow e il | FF3G)
Inveniony model Nu use and recoip mbe Aukgroba und Lawal {1997
|l.'||.l:'|'|i'|.ﬂ.l1EEthE Mo uge wnd receip milg Bicthy if o (28K
Simulation techiowme Mo Pad<time &Full-time Stpflcm Actadivar misd Bl L [

Mo Part=tiise &Fuil e Stoffees

Savnrreds | 08

Response rale /| maintenancs
pang cosl

Efuiency [ndex
Blenelit-cast mitig

Mainbenance Irangrartation masdel) Mo Prbahilicy disinbation, Limglen = Ulwaba (2812 )
schedhiling Activities based costing Mo laftalion &lnterest re. Aulerotea [0, Bramson [ 19915
& Conapezr 1191

FailueTetiahility Madei Mo Pari-tis e Full-ine Sinifoms Bt S Uil | 9P

Sulvape pnd maintennnce cost

functions o Infntion & Interest raie. LafT Ty {2008

Muinlznanes Fegiecy Mo Probability disidibulion DM Yiurijs (2002 ) o _
Chninuiticaiian Rocul poiwork analyals (SNA) | Mo weighicd ratings Sreplici (2B ], Raighi | 108
ploaning Inferaction mode} Mo weiahied rolinps Amcdrew ef il | I
Perlormanes Muknlenance ratios Predeternalied Clorumiiws | 159 |
Eviilusbian AMuintensaiee ruiks Proditienuined Freeh | 1974

Ma are-time Simifer
*redetermiongad
Mo Por-time Staffers, Mo

Eiuipment fuilire.

b Anteraba B |l [ 10T

Fharmlim { 19749

Todho el ml {19849}

1.5 Distinguishing Features of Current Study

The major differences between past works dnd current study are:

(i}

(ii)

Most of the studies in the past on maintenance management dealt with in-

house mainienance syslem where maimenance depariinients . are part of

production sysiem while the new study can be applied to external svitom,

Muost of the past works were based on the optimisation of individual

maintenance strategic decision. This smudy will integraie oll tic maintenonce



(i)

stratepic decisions in order (o achieve integrated optimisation of these
decisions using appropriate techaigues,

Performance evaluation has direct link with production system in most of the
past works; hence maintenance performance ratio between cost expended and
savings on down limes can be easily assessed. In the present study response
rale of mumtenance jobs (which @ independeni of mmenance centre) and
the cost of maiatenance gang play a vital role in evaluating the performance

of the centre.
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CHAFPTER THREE
LA MODEL FORMULATION
In this section, optimisation medels were developed for the salient strategic decisions
often made in maintenance cenire by exploiting the versatifity of the existing quantitative
techniques and the current works of the operations researchers: These sirmtegic decisions include;
service demand forecast, crew size determination, tool and equipment planning, spare parts
management, and shop/customers communication planning. Optimisation strategy for each
decision is discussed in the following sections. However, in formulating this madel the following
assunplicns are imade:
(1) Service calls are atténded to based on First Come First Served (FCFS).
Ciy Service calls came from s single sounce (1,2, industrial machinery),
(i) Service calis are served by a single source (e, mamlenance jobhshop).
(iv)  Effectivencss and reliability of mainténance crew{s) are constant for the period
considered,
(v Maintenance crews are equally competent 1o diagnose all categories of repairs.
EH | Service Demanu Forecast
It has been known and it must be known that service demand forecnst for extenal
muintenance operation is very difficult to estimate by the maintenance managers. Unlike the
iternal maintenance system, that can be easily estimated because the management hos becomae
familiar with the comdition of the machines. Henee, managementi of maintenance jobe-shops
should critically study and understand the behiavieur of the external variables relevant to effective
lorecast of service calls [Cohen, M85L However, i Aderoba and Lawal s work, W7, 10 was
explicitly stated that major external [actors influencing service demand in maintenanee centres
are:
{i} Total numiber of wdustrial machines,
{ivh Awe of the plant
ity  Mumber of maintenance centres within the operating region

These intluencing factors were related empirically by:

=0 E N Gy'n) (3.1}

where,
A service demand rate at time 1
N, total number of industrial muchines in plant §

L gge of plant ¢ ot time |



i, namber of maintenance centres within the operating region
B, proportions! constant between the arrival rate and the imfluencing fnctors.

By critically looking at Equaticn 3,1, it may be noticed that it resembles linear equalion
in which A, is ordinates, the factors N, Go/n, is in abscizsa and the & represents the gradient of the
strasght line passing through ocgin (having 2ero intercept in ordinate).

Using Eguation 3.1 verbatim can lead to a cumbersomve data collection and analyss. To
simplify the system, there is need to madify the model along the line of calegary of
equipment'machines the maintenance centres are specinlised on (Kareem and Aderoba, 2003),
With this modification, Equation 3.1 can be re-written as

i =t mlﬁlllllnl] AT |
Wikere,

M, total pumber of equipment/industrial machines expected in maintenance centre of category 1 at
L

Gy, average age of equipment/indusirizl machines expected in maintenance cenire of calegory @
ot Lime ¢

n,, number of maintenance centres of category i opemting within the region conssdered

Ry actual failure rate (arrival rate) of equipmentfindustrial machines. That Is, nctual service
demand in maintenarce cen Lr:.nfcnttgnr:.f s

8, proportional constant betweer the arrival rte and the influencing factors,

The value &, for the previous vears can be obiained from

B () f (NG ; (3.3}
Then, the value of 8, for one period ahead is given as
B ot = (vt M ) MNaay Ginan) I i (3.4

The value of 8, varics, depending on the values of N Gy, oy, and & at a particular perind. The
previouws vafues of M, Gg, oy, and 2, can be obtaingd through administration of gquestionnaire and
mterview among the existing maintenance centres and industrial plants. The value of 8, varies,
depending on the values of N,. G, o, and A, ot 8 particular period.

After obtaining values of the 8 for the past years, the values can be used o predict the
vitloe of service demand in the future. In doing this, sccurate error measurement of Mean Square
Emor, MSE (Richard et al 1987) must be considered with warious forecasting technbyues.
Technigue with least MSE gives optimum service demand rate for e following year,

For various forecasting technigques, accuracy is obtained and compared with benchmark

model called *naive model™ as follows.

33



Muive madel

Naive model can be expressed as

BB (3.5)

where,
L}
1+1. forecast for next period, t+1

8, observed value in each period t,

Forecast error {in naive model) in each period is given below

. . (3.6)
: |= Eln_ -I|
The mean square ervor, MSE,, can be calculnted from;
MSE, = 5(e")’ N,
' (3.7

where,
M, number of ervors obtained.
Moving Average Technigue (MA)
Moving average fir the B8’ previous data values is the mean of the last N data poinls, For
mstance, moving average for N periods is piven as:

D:.. S+ By FBg * = VN o F ves (3.8)

where, _

8", moving average forecast at Puril.:u:f il

B, the observed data at period t

The best number of period N is three as suggested by Richard ot al (198%).

The moving avernge forecast error can be obtained from: |

= 8-0% . (3.5
The wverage cumulative sum of the squares of these errors can be gotten 1o sbtain the

vitlue of MSEa.

MSE,, = E(e™ "N, (3.10)

where,

g", moving average forecast error

M. number of errors obtained

Exponential Smoathing Model
The exponentinl smoottung model = given by

B =0 +oe {3:17)

whire,
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0,1, forecast al period, t+1
', forccast at period,
i, smoothing parameter
£, errof in period, 1
The fraction @, smoothing parameter lies between O and 1, The best fitling oo e one
bt gives the minimum MSE in the sample after testing nine adequate trial values 0.1, 0.2, ...
0.9.(Cohen, 1985),
Forecasting error, ¢, can also be obtained from
e=0"-0". {312
whire,
th. ohserved values at period, t
it',, forecast at period, 1
iy, forecast at period, t+1
The simple smoothing in Equation 3,11 is equivalent to Equation 3.13 by substmuting

in Equation.3.12 into it

That ks,

0% = ol + (1- ) 8% {3.13)
Similarly, mean square error MSE, can alsa be calculated from:

MSEs = T &%)/ Ns {(3.14)
whicre,

¢ exponential smoothing errors at period, 1
N, number of errors obtained.
Time Series Regression Model with Linear Trend
Tao fit a straight Hne, Bguation 3. 15 could be esed
B, n +bt {3.15)
where,
&, forecast at period t
a, the value of the forecast 8, when period, t is equals zero
b, slope of the forccasting trend line
t, perinds at which forecast is made
By the use of least-square method,
b={Zt & - nth) (£ — nr*) e (306)

and
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a= B—bt 3T
where,
b, slope of the equation of best fit
L, time or period

ty, observed values

1, menn of periods, t

fl,, mean af observed values

a, interception of best fitting line with the forecast value #,.

The regression model {Equation 3.15) assigns equal weight to all observation. Therelore,

smoothing method should be introduced so that recent diata would be assigned more weight, than
old data. With the introduction of this concept, the following equutions could be derived.

5 =8+ o {30
T, =T, +oe O e (319
By =5+T, ' (3.20)
where, '

0., forecast value for linear trend at period, t+1
A smoothed level for linear trend
T, smoothed trend for linear trend
@, smos hed parameter for level
@y, smoothed parameter for trend
The values of oy, and o which will give the best combination comespond w the
muinimum MSE;, which were experimentally put at 0,10 and 0.01 respectively (Richard ot al,
1987}
Initial value of B, con be obtoined
wlien, £ = 0, that i=
0= 8, +T, (3.21)
whire,
S amoothed level whent=10
T, smooihed trend when =1
Similarly, the errors are calculated from
e, =0, -0 .. 1330
where,

ey, error in period, t for linear regression.
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{0, observed dota i period, 1
4, forecast values in period,
The MSE, values can nlso be gotten from
MSE, = { &\ N; (3.23)
where,
¢ error in period, t for linear regression
My, nusber of errors oblained in linear regression.
Time Series Regression Model with Non-Linear Tread
The two papular non-linear trend found useful are the exponential trend’ (which predsces
that the amount of growth in each period will imcrease, and the damped wend” (which predacis
that the amount of growth will decline, Both non-linear trends can be genérated by simple
madification to the linear-irend madel,

The exponential smoothing model for non-linedr trend is:

5 =0+ e e 13.24)
1" = BT+ e (3.15)
g%, = 8"+ pT? G {3.26)
whete,

5" smoothed level for non-linear trend
|,", smocthed trend for noa-linear trend
%, trend modilieation parameter.

ayo o, O and ¢, are as defined earlier
0, 1. forecast value for non-lineir irend al period 1+ |

The effect of [ is 1o accelerate or decelerate the trend. When =1, the model is called an
expanential trend (smnce the amount of growth each period increases), and when (=<f}<1, growth
decrenses and the model is called a damped trend. IF 3 = 1. the non-linear model is the same as
I tremd,

The values of @, y_ay and B should be selected by 2 computer search similar 1o one for
the: lincar trend, Practically, the best combination of the parsmeters were goven 1o be 0,10, (.01
wnd 1.1 respectively for exponential trend, and 0220, 0,01 and 0.9 respectively for damped version
(Richard et al, [987),

Similarly. error &', can e pot using Equation 3.27 of the Iinear regression model that is
o = - B o {3:27)

The MSE, for non-lineéar trend can also be obtained from
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MSE, = Z(e", Y N, (3.28)
where,

MSE;,, Mean Square error for non-linear trend

N, number of errors in non-lsear trend.

The values of MSE,, MSE;, MSE,, and MSEg are compared with the valug oblained [rom
naive model MSE,. The best of these {orecasting madels for the observed values of () correspond
tir the one having the least value of MSE. Therefore, the value of service demand forecast for the
next period in future.can be wrilten os
sy = B2 NG, . (3.29)

The service demand rate, A, would assisl e mansgement o plannigg for nuanpower
(crews), tools and equipmient, spare parls, operations nnd communication m the following year
To eater for any increase or decrasse in number of mainlenanee centee in the following vea, e
service demand forecast equation can be re-written as;
bt ® =00 NGy i) i {3.30)

Where 1 is the increase or decrease in maintenance cenire in the following period

The arrivals of these muintenanee jobs inte the centre are random thereby followed Poisson
distribution (Kareem and Aderoba, 2000). Therefore imer-arrival times f(ollowed negative
exponeniid distribution { Taha, 1988

Flenese,

fin) = g™ (331)

The associated Cumulative Probability Distribution Function {CO8) is given by

&y
Fia) = J Ae™™
]
From which
Flny= 1 -g™ £3.32)
Taking Logarithm of bath sides
w=-{ /&) Log [F (a)] (3.33)

where,

F (&) is a random number in the range 0< F (a,) <1 =

However every compuler system has a mndom number generator,
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33 Crew Gang Determinstion

The maintenance centre should be able to engage crew size that would be competent to
diagnose all categories. of repairs o sustain response rate of customers. Time and work-stadics
have shown that longevity in duration of an activity depends on complexity or sevenity of such an
nctivity. Hence, it is possible o have different times of service for differcit cotesory a0 service
demund. This development would also afTeer the number of manpower (coew gang) o be
engaped. The activitics in maintenance jobshops include preventive, repair, overdiaul as well ax
the combinations af these activilies.

The time to complete various tasks (in the past) could be obtained by administering
questionnaire, oral interviews and per:muﬁ! ul:r;énmtinn of the activities in the maintenance
centres, Since technology employed varies from one centre to the other then, three-time estimate
frum [I-distribution become necessary (Aderoha, 1995).

Hence,

Let t,y, be the expected 1ime to complete a preventive maintehance.

1.2, be the expected time to complete a repair

ta, be the expected time 10 complete an overhaul

From the B-distribution, an expected activity duration 1, is given ns {Fig. 3.1)

L= {, + 4, + )6 (3.34)

Where,

L = Expected time,

f, = Optimistic time,

e = Most likely time, and.

1, = Pessimistic time of completion

F Y

= i

2 |

T |

—_ |

B l

P |

= |

[ | | >

l[‘«!I : t: t]l.'l L[l

-+ Time

Fig. 3.1: [}-Probability Disttibution Curve
Source: Aderoba {1995}
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The expected vime for various policies can be estimated as i Table 3.1

Table 3.1: Possible Maintenance Policy

[ Policy, o Maintenance Policy Expected Time

| Preventive maintenance only L

| Repair anly ez

3 Owverhauf only ta

) Preventive and repair only L™ Average of by, I

i Preventive and overhaul only ts = Average of t, L

iy Repair and Owverhaul only ty = Average of ta, L

7 Preventive, Repair end Overhaud onby | t; = Average of 1, La, b

"
-l

As a result of these expeeted service times, for difTerent maintenance policy, the service
rate {or each policy must be proportional to the service time, However, service Linme and service

rate exhibil inverse proportionality relationship

[TRORE- S ) 78 oy [3.33)
he = KL, (3.36)
where,

b = the service rate for policy, n ata perlod L
K = proportionality constant which is equivalent to number of jobs served.
L. = expected service time.
Then, for a unit job (K = 1),
o= W= 1 w337
The service rate, j, may be sccomplished by 4 group of maintenance personncl waorking
as 4 team called “maintenance crew” whose size 5 egual o the number of personnel 1 the team
called “gang size”, The increase or decrease in number of maintenance personnel (in the
following vear) would surely afTect service rmte:
Henee,
b ® = po (1K PYD (3.38)
where,
1 = Increase or decrease in maintenance personnel

P = Number of maintenance personnel in o crew
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This system Is o quesing problem, which can be solved by a wractable single chanie!
model | Kareem and Adercba, 20000, Emploving this model (single channel ).

Avernge wailing time. W, is given (at o giveil period, th as

W= 1 My Ao RO & U7
welnere.
(.. = the utilization factor on maintenonce policy. noal o given period 1
Y= arrival rate of jobs to maintenance centre al a given period, o
iy = service mite on maintenance policy, noat a given period, 1,
The utihsation factor is-a measure of
{ L

B =84l

In case of multi-channei (in parallel) quescing svstem ps expressed by Byguation 300, 1
restlting complex cquation for averge waiting time of job in o given period. W s s Dl
Wi = 1kt 80 MRt S 11 Subta=HF]! (3.4 00u)
‘Where, P, is the probability that all channels are idle. However, various values of P e soen
i Richaed etal (19870
The elfective crew number 1o perform e toshs can be  heuristicalls cilenlied T
(Aderoba-and Lawal, 1997)
S = Wl W, N (341
W iere, o 2

i

8- the crew wmg for mamtenance policy. o at & period. t
W waiting tome for the jobs on maimenance palicy, oot a period, 1
e W neceptable waiting time for euch policy can be obtiuimed n the sime way s 0 espedial
service time. t.

Since maintemnee crew cannot be |00% efficient. as a resull of T g s
iLester, 1988} rehability fctor v should be meluded.  Henee, Equotron 3,471 becomes
S = WS PR o (34170
In Equotion 341, if Wi W, single crew is optimsmm amd it W= W number of aprimum
erew 15 10 the higher nearest integer (since lraciions of human beings are impossible
The corresponding value of crew size P* can be obtained from
P = BalPy) . - 13424
However. Eguation 339 may not be approprise: as thiece 15 endenes that sesvis e coiihd Ix
bower thai arcival mtes due 10 stochastic nature of e svstem that mas resull 100 et Cen
stees To this end. simulation model based on event seheduling apprsseh (Talun 1958wl b

psetul 1o cater Tor stochastie nature of service time and arral T,

=



samifarh the studies of the process of depamure of jobs are modom o medore. |t =
Poisson  distribution (Aderoba and Kareem, 20001, Hence. proboabiliny distribution fellies
regative exponential distabution.

Hetee:

i
Tra
o

fiad=p g™ s i

The associated Cumulative Probabiliny Distebsution Function (CE 1 s given by

kL
sy =] ™
1l
Erom which
Figl= | =g™* J (344

Taking logarithm of both sides

== | l_ug‘[['-[:i,_:ﬂ - [RA43)

where, .

F 451 15 a oidont meamber i the range k= F o=l

Bandom numbers arve culled as i oarrival tige
The following ¢onditions ane possible at a particular period of agerating u miinvineic

policy

IF, 5 = ;

AL tlis stawe total wasting time, twt of jobs is updated

wt = 1wt = niq (@, — clock)

md, g =g+l

where,

g = total number of jobs i quene

g, = cunmalmtive arvival nime from time 1= 0

clock = previous cumulative value of time belore the nest event (arrival or departiin |

I sy=a, angd ng = {1, then s =c¢lock

At this stage the maintenance crew' is idle. Thetefore. totai idle time, idr is updated

1 = 1ich +ia, ~clock)

Diring the idle time the crew will be walting for nest arrival, Therefoee totd arrivals. 1 il b

mereased b |

na=inma + | !

If ng = 0 then = elock

AL s stage total waiting time. twi of jobs is updated

Ml = gt =6 (m—clock) = g



If,
%= n, and the maximum simulation time is reached,
Then, W
the average waiting time in queoe, Wy can be obtained from
W = twi/ina {3.46)
Mumber of crew and crew size can be obteived in the same way as depicted ln Equations (341
and 3.42 respectively)
Total busy time of the crew, etm is given as
etm = clock = tidt T g (347)
33 Tools and Equipnient Planning
The mamtenanee cenire will operate effectively if and only if each maintenance crew s
provided with necessary maintenance tools. The number of set of tools‘equipnient required at a
given time depends on maintenance . policy employed and the comesponding. number/size of
maintenance crew obiained from Equation 3.41. That iz,
0. =S., e {3.48)
whiere,
(e the number of set of wols and equipment required for maintenance policy, o at a given
period, 1. '
However, tools and equipment lor mainlenance activities need (o be well planned to puard agains!
iy excessive procurement. In planning for tools/equipment, there should be no ropm: for
duplication. This can be achieved through application of Set Theory (ST),
Let,
A, be the set of toolsfequipment for preventive activitics only without repetition.
B, be set of tools/equipment for repair activities only without repetition.
C, bo set of wolsfequipment for overhmuling activities only without repetition.
Then,

Tools for preventive and repair activities only, D couid be obtained 25

D=ALUB=p{A) + g(B)—glA nB) {1.49)
Tools for preventive and overhauling only, can be abtained from
E=AwC=plA)+ g(C)—glA nC) {3 50)

Tools for repuir and overhauling only, can alse be obtained as
F=BwC=gB)+pC)—a(BnC) {3.51)
Tools for afl operations, can b2 pot using

G=AUBUC=pgA)+gb)+pCl-pANC)-pANB)-gBNC)+

43



glANBNC) (3-52)

The initin] values of A, B & C can be obtained through questionnaire analysis. With Equations
3,49, 1,50, 351 and 3.52 optimum number of tools and equipment can be abtained for different
maittenance policy, nata given period, t

That is,

% = Sy (3.53)

wheie,

W = sl of tools used for maintenance policy, n

In case of increase or decrease in number of set of tools/Equipment in fiture, Equation 3.53 can
be modilied ns

0% = 5 (g + E) {1.54)

where,

& = Inerease or decrease in toods/Equipment at a given period, t.

3.4 Spare Parts Planning

Since the inventory costs add to the cost of operation, it will be economical to apply
elfective inventory mandgement to the scarce and expensive items (A-class), In maintenance
centre, the A-class spare parts may be recelved in piece-meal by meking sure that supplier supply
ot o time, what s enough for smooth operation of the centre. Classical inventory model was
modified by Hichard ot al (1987) to include use mte and receipt rate;
Let
N, be optimum number of units per order
Ay, b receipt rte (that s, units received in 8 given period) or supply rate.
Therefore, N,/&, , number of periods required to receive order,
If,
A 1% Use roke (in umit) i peecaod
Then,
(MY A 18 number of units used during recetpt period,
Henee,
Lortest inventary which can acoemulate is,
A {3.55)

Let R represent cost per unit, end let C represent eserying coats (Which includes, interest
i money fnvested on inventory, obsalescence, stornge space cost, svore operations cost, taxes,

wmsurance and pilferage costs) expressed as a percentage of average inventory,

G4



Carmying cosls 15 piven as,

(N2 — A/ RO per pericd = (RCNG2I(1 — 370 {3.586)
If annual usage in units s symbalised as Y and ordering cost as p

Number of lots (orders) per year 12 YN,

and total ordering cost 15

Y, 5 T
The total ordering and carrying costs are minimdl when the cost 1o order per year equals the cost
to carry the same Inventory por vesr,

Equating Equations 3.56 and 3.57 to obtain Economic Order Quantity (EQQ), N,
YpN, = (RCNJ2NT - A0

From which,

Ny = [(2YPRCNT =R 2)] 2 {3.58)

The supplier controls the receipt rate; to avaid the store being empty; the mainlenance
centre should seek for o reliable supplier. However, Equation 3.58 cannot be true for real Tile
problem in that receipt rate cannot always be greater than use mie because of the modom e
of supply times and use times. To this end. it will be difTicult 1o estimate N, of o time when R, =3,
as the result will either give zero or negative quantity Thercfore, an acceptable salution could be
achieved through simulation, by assuming cne supplier as the contredler of the receipl rate and
one maintenance gang as the eser of the spare patts supplied by that single supplier, This s a
single channel gueuing problem, which can be solved using evemt scheluling simulition
approach

These conditions are similar to that of crew gang determimation bt with different
application. Therefore the following relations are valid for inventory plonning:

The use time, 1, canbe oblained as
b, = -{ 1A )og [Ft,) | . (339

I there is any increase/decrease, ¥ in personnel this would definitely affect the use e,
ns the service rate would alse change. Hence, use rale, %, in Equation (3.5%) would change o the
MEw Wse rate; L,

Ay’ =R 12y/T), i {3.59")
The use time, , becomes, i

b =-(1/4,")Log [F(t.) ],

where,

Fit.) is a random number between (and 1,
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Similarly, receipt ime, 1 ¢an be oblained from
L =-(1f)log [Fit) ] “ (3.040)
where,
F 4} 158 randoin number between 0 sind 1. i

Increase/decrease, v in personnel does not affect the receipt mate;, &, unless the
mainlenance centre requests the spare parts vendor to review its present supply rate, otherwise, it
will remain as il was. The event scheduling approach is applicd such that at the beginning of the
planning horizon it was assumed that the [irst spare parc i being received nind wsed for Lhe
operation and the next receipt is being expected, That is, iTy, (vse time) of the spare part received
is greater than the next receipt time, 1, the stock is inereased by one then number of spare parts in
stock is updated, otherwise, the store is empty, At this point, total out of stock time, tost, is

updated, thereby expecting the next receipt.

That is,
If,

t, 1, , then update the number of spare part in stock, ns as well as total stock time 1.t
I5t=tst +ng(t,- clack) (34l
s = ns +] v (362

If the current number in stock, #3 is sreater than the maximum store capacity, mns then
s = s (31.63)
s = s + | : (3.64)
ing = total number of receipls which enter the store.

I,

L < 1, then total out of stock time is updated, and the time is 521 1o the time of aext reccipl.
s =l

lost = o8t + (L cloek) ' . (3.65)

ng = ns +|

Cibtain total stock time, tst of all receipts

tst =isl + ns{ 1-clock) (3.00]
Then,
s = 5 — | {3.67)

The process of evem scheduling simulation will continue uatil the maximom simulation time is
reached, I not the time of next use and/ or the time of next reeeipt is generated and the process
continues. The following statistics can also be obtained:

Total number of spare paits enter the stock up to the end of the planning horizon = s
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The maximum stock capecity at the end of the planning period (1.2, spare parts left} = mns

Average number of spare parts used at e end of (he planning period.

Y= [ ns - mas ) 181 {3.68)
Using Equation 3.68, the effective optimum valees for inventory could be obtained
N, = S.[(2YpRC))" (3.69)
N.=Y N, (3.70)
T.=1s1/ N, e BN
where,

N, = optimum number of spare parts to order at a time,
M, = aptimum number of order.

T, = optimum time per order.

Sa= optimum number of crew gang.

It could be seen that continuous maintenance operations are not hindered only by the
arrival of jobs but also by the supply of spare parts. Therefore, actual busy period of maintenance
erew could be obtained by taking minimum valus belween engage time (obtained from service
rate) and total stock time (obtained from receipt rate), The optimum value of etm can be obtained
from the relution: : &

I,

tidi = tost, etm =clock — tide-and if,

tost = tidt, then, etm = ¢lock - tost 5 . 13.72)
35 Communication Planning

Andrew et al { 1996) stated that, in & group, numbers of interactions (N,) within the group
is given as:

Ny =P (P -1 : (3.73)
wliere,

N, = nuimher of interactions

P = number of members of the sroun,

Equation {3,73) cannol be effectively used to amalyse any change in interaction m fiture
a5 o result of increase’decrease in crew stre, ¥
Thus, by induction/enumeration,

Nysy= (Pey][(Pey)-1)
If there is increase in gang size then interaction will be
MNpry =NFy (2P +y- 1) cin (3.74)
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Also,

If there is decrease in - gang nrﬂ' thien interacizon will be

My = Ny (2P +4-1) ' (3.75)
Equation 3,73 gives equal weight (o every member ﬁ-!‘ihc crow, However, Stephen (1999),

analysed the level of interaction of individual in the group by the use of Equation 3.76

Mo=Z P, (3.76)
i

where,
Py = the level of interaction of personnel i to other personnel | i the group.
The various values of Py, ¢an be obtained through questionnaire analysis
Total level af interaction for all personnel in the group, N, can also be ohtnined as
M,=EEP| % [EIN
1]
The weighted value of interaction for each personnel, P, could be developed from Equations
370 and 3,77 as
Po= NL(Na/ N, SO Uy

If there is change in personnel, the weighted value becomes
Pu = Np(Npy)N, s A3.7Y)
Equation (3.7%) shows that communication level depends on crew size. |1 the optimum number of
crew is Sy, then Equetion (3.7%9) hecomes
P =Su Nu (M) N, . L (380
The communication mode! will assist to know the personnel who control communication
system of the maintenance certre (that iz, one that has highest weighted value af interaction),
That position should be piven to well learned and articulate personnel for effective flow of
information.
Lo Maintenance Scheduling and Costing
The essence of operation planning is to ensure that all maintenance works are completed
within a reasonable period and minimum maintenance cost. The effective operation planning will
.minimise both waiting time cost incurred by the customers and the cost of maintenance incurred
by the maintenance centre, Taha, (1987), gave a typival relation for caloulating 1otal maintenance
cast in which its adapted version s given as
TC{8.)= 8.0 + CL{5,) (3811
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TC (5,.), 15 the o] maintenance cost.
Cy, avernge cost of a maintenance gang per unit time,
Cy, average cost of wailling per unit

However, the scceptable response rales (acceptable waiting time) of customers oblained
from response to the administered questionnaire for all categones of repair works would solve the
problem of waiting time cost incurred by the customers to the acceplable level. Hence, waiting
time cost element in Equation (3.81) should be neglecied, and cost of maintenunce operations
should be estimated.

Therefore,

TC {5} = {34) C, (3.82)
Equation {3.82) can be used 1o obtain the value of maimtenange cost for various mamtenance
policies.

Cost of & maintesance crew gang, C. per perniod can be oltained from the
salaryiallowance of the engaged crew. Cost of a set of waolsfequipment, C, per period can be
obtnined from the cost per period used of the set, Cost of inventorving spare parts, O, ot a given
perisd is given as
C, = ordering cost + carrying cost
o= Y, + (RCN/2) ' {3.53)

The utility cost, C, entails the cost of electricity, C,, cost of water supply, U, sl ¢ost of
communication, C,. -

That is, .

C,=C+C,+C, [3.8:4)

where, .

C,= is the utility cost per period of a crew gang engagement

U= cost of electricity per period of 4 crew gang engagement.

C, can be calculated from monthly NEPA bill andfor the timely cost of digsel bumt in generator
Dperation,

C, = cost of water used by a crew gang per period.

', = is the cost of communication in a crew interaction per period.

.C, depends on the means of communication such as GSM, NITEL, MEMO, elc,

Anather cost element is. the cost of building/floor space, Oy This gan be valculated from the
depreciation cost of building. Cost of mamtaining tools/equipment used For maintenance, O,
cannat be neglected, Using poison distribulion with necessary cost element;

Cy = Cu[l(e™ + (o) ir+ (a2l .4+ e (o)) ] {3.8da)
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Proe to low capital outlay in developing countries, indigenons maintenance centre may not be able
tn have more than one stand-by mainterance tools/equipment, However, three cases are possible

m o given perod of jobshop operation:

C, i}, when there is no equipment fitlure during the tim= frame considered.
£y - C, [1- ™), when there is a failure but no stand-by cquipment.
Ch - Col l-te™ 4 ™ (@ 3'711)), when there is a failure and a stand-by equipment is in
piooc.
c, = Toalsfequipment maintenance cost at & given period.
o ™ Farlure rate of the maintenance equpment.
I = Perind considered
Summarily, the total maintenunce cost atn unit period [or maintensnee poliey, nis given
s
TC (8ia) % Sai(Cop + T + Co b O W Gyt s {3.25)

The muintenance cost computational methods would help the centre to forecast the best
maintenance palicy to adopt presently or in the future so that the expected maintenance cost could
be minimal, and at the same time enhance sustainability of the contre by satisfying the response
rate of the service calls.

If engage time ::1|'1I1.u|: creéw (contract/temporary stafT) during planning peried is etm, total
mumntenance cosl incurs during this period is given as
TC (Su) = 5, C) étm (3.86)

Which is eguivalent to

TC {3} = Su| (G + O+ C) etm+ G} + Cudi+C (3.86")

whare,

il, ¥ idepréciation

In the case of full-time/permanent staff, their idle time, tidt will still be paid for. Hence, total
A nertance cosl s given s

TE (50 =8, Cetm +udt) (3871
Similarly,

TC (8,) = S (T + Co + Co) (etin + tidt) + C)] + G+ G, (3.87")
As a result of economy problem 16 developing countries it may be impossible o get

encugh funds to solving maintenance problem. TF b% (of Equntion {3,87)) is the percentage

amount available for maintenance during planning period, then

TC (8, = 8. Cil =tm Hidt )b% = : (1.88)



Discounted mmimtenance cost, tmt (0 there s mflation and/or mterest) can be obinined
from, '
tmt = TS [ W1+ F+5)] . (3.89)
where,

inteeesl rale, and

i

i lation rate

5

From Eguations {3.86 and 3.88), budget surplus /shortage, B, can be obtained
B=TC (5.0 = %nt C; (etm +tidt) b% - 5, Cy etm (3.90)

If Equation {3.90) gives positive value, it indicates budget surplus, if otherwize, ‘it
indicates budpet shortape.
I thie setunl amount relensed for maintenance 98, then,
B% = BITCS.)] (3.91)
33 Performance Evaluation

The key ohjective of establishing a commercial industrial maintenance centre is o
maximise profit. This can be achieved by minimizing the cost of maintenance operations at an
acceptable response rate. The cost ineurred by the centre is the cost of operating the maintenance
gang(s), which should be minimized 2s possible without affecting the response rates for varions
maintenance policies, The response-cost performance index, P. for commerzial maintenance
centre could be-aobtamed from s
Performance index,
P, = WHITC (S R =1
where,
W |5 the response rate of service calls at a perfod t
Other performance indices that also proved useful inclede:
Crew utilisation performance index,
P. = oim'clock Z {3483
Cost of maintenance hour performance index,
Pe = TC{Sq} etm {3.04)

Increase in value of Equation 3.92, indicates incrense in performance. In case of Equation

394 decrease n value indicates better performance.
L4 Post Optimality Analysis and Benefit-Cost Analysis

Benefit-cost analysis could be done by sdapling the work of John et al (1989) to

maintenanee pperalons:
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Let,
dA,, = incremental cost of switch over from one maintenance pelicy, n-1 to another, n when 2
contracttemporary stafl j is-engaged
A, = incremental cost of switch over fram ope maintenance policy. n-1 to apsther, 0 when a
Tull-time/permanent staff @ is engaged.
Then,
GAg = TC(Su); - TC(Sgaay i)y
g =TC(S ), = TC(Spy i
The benelit (savings) of engaging contract stuff over fulltime staff during switchover
episode can be given as, JX;
AX, = dAu - OAy (3.45)
The benefit (savings) of engaging full-time $tafT over contract stall during switchover
episode can be given as, &X,;
aRi=0A, - BA. {3.96)
Hence,
Benefit-Cost Ratio (BCR) = SavingsCost expended
Then, ! R
For contract stalT (part time stalT),
BCR =X,/ 6A, e (397)
For full-time staff, .
BCR =aX,/ dAa . [3.98)
The best alternative is the one with positive highest ratio.
&P Sensitivity Analysis
Recall that
5= -{ 1/} Log [F ()]
a == 1/4,) Log [F {a)]
At o particular point in tim
IF (a)]= [F (s)]
Dividing,
/5 = WA
Making &, the subject
L={sda )

To prevent backlog of maintenance job



Ty

Introducing & Reduction Coeificient, ?t:rmm‘. Adekar factor,

P ﬁi (3.4

y can be best obtained at the maximum possible service demand rale A* that the wvarlable
service rate, p can cope with,
Therefore,
y=AMu - (3,000)

With this Adekar factor, various & can bg plotted agninst . Hence, effective p. that
prevents backlog can be obtained through the graph. ? varigs from one maintenunce policyfeity
Lo the other.

310 Computer Seltware Development _
The alporithm developed for the integrated model (Appendix [h, and its fow-chart
{Appendix 1) helped in computer sofiware design/coding of the systems (Appendis 111, The

following are the keys to Mlow chart development:

D Data input
O | Connector
Process
O Becision
{ | | Terminator

Computer  Aided Maintenance Strategic Decisions Optimisation &  Planning  samed
CAMSOP-2003 was developed using Visual Basic 6.0, CAMSOP-2003 was designesd in the
famibar Micrasoft Windows environment to be interactive and oser-friendly; through the use of
controls such as text boxes, command bultons, frames and olher appropriate messoge boxes, The
database und stricture of the software |3 fexible bul robust enough o accommodate as many
Jobshopsicities as the storage -:.1 pacity of the camputer allows,

The design/codmp of CAMSOP-2003 snf';wure ivalved the following phases {Appendix

IV): namely, title, data enlry; opemtion f excoution and report phases.
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Thile Phuase

This interface welcomes the software user into the system. It contnins the names of the
software, developer, the supervisor, the essence of  the study and the department to which the
developer belongs (Appendix 1Va).

Ihita Entry Plase
This interface enters data into the database. It contnins the fallowing sub-interfaces {Appendix
%1

City registration; this enters cities/maintenance jobshops used as case studies (Appendix
I'Vhi):

Muaintenance jobshop selection; this selects lype of maintenance jobshops in question
tAppendix IV hii),

Prata endey for serviee demuand; this eanlers datn on secvice callsanto the database, The dati
entry system is very fexible as shownin (Appendix IVhiit), and it gives room for data updating.

Maintenance policy data; this enters dota reloted to-maintenance policy into the database. It
enters 3-times estimated {based on technological difference) for finishing the jobs and the
scceptahle waiting times for customers. This entering dovice is also flexible and the data can be
updated {Appendix 1V biv), .

Cuonstant values ll.:.llﬂ; this enters the smoothing parameters {Alphas) for various jobshops
aned 1t ean be updated { Appendix [Vibv),

Spare paris registration; this registers spare pans that maintenance johshops are keeping, It
gives room e deletion of spare parts that are no longer in wse (Appendix IVbvi):

Spare parts planning data; it enters necessary data needed for effective spare ports
planming. The basic elements of dats required are as depicted in (Appendix 1Vbvii), Thiz datn con
Also e vipidated,

Toals registeation; it registers the tolsfequipment used Ffor respective maintenance activities
i the identified maintenance jobshops used s case studies. Tools/equipment are registered with
their costs based on maintenance types and it can further be updated (Appendix IVhviii).

Communication means; it enters various media through which information can be passed
from one personine] 10 the other with their unit time cost. This data can alse be updated { Appendix
IVhix)

Personnel per erew; this enters total number of personnel ninking a crew. The design gives
room 1o changes in créw size (Appendix [Vbx).

Personnel interaction record; this records the mtings of camnmmication hetween

maintenance personnel { Appendix I'Vhxi).



Maintenance cost entry; this submenu records o enit cost of - electricity, water, crew and
building/floor-space with fis percontage depreciation. There is room Tor data vpdating (Appendix
I'Vixin)

Dizcounted cost data; tlnis submienu enters into the database embedded into the software the
inflntion nmel interest rates (%) The datnhase nllows changes in inflation and interest rates
[Appendix IVExii,

Operation’Esecution Meno

This i the programme execution meni. [t leads to the following submenu:

Forecasting: it forecasts for service demands in mamtenance johshops in the VArIOus Towns
hased on the clicked farecasting methed (Appendix Vel Thiz will lead 10 sub-interfoce
tAppendix [Vei-vir) where next forecast, mean ur'['-nns.- ill.'ld a button thai leads (o various
mamtennece policies can be seen: Optimum (orecast button can alss be elicked o obtain overall
optimal forecast. This submenu compares M5Es for varioos [orecasting methods and overall
optimal forecnst is chosen based on least MSE (Appendix TVeviii).

Maintenance policy unit; this submenu is entered into by elicking “mainterance policy™
command in the aforementioned {orecasting sub-interface and the optimal service demand rate
appeared as shown in (Appendix 1Veix). In this interface crew size and crew no are computed by
elickmyg various policies indicated after inputting the simulation time and reliability factor. Other
measures can nlso be carried out such as enghpe time of crew, idie time, waiting time of jobete..
This mterlace leads to submenu named “communication and inventory unit ™ by clicking required
hastievns™.

Communication unit; this interface gives the total mtings and weighted level of interactions
{Appendix TVex). MNote that optimal crew number at the top left side transferred from
muintenance policy submenn. This helps in calculating optimal level of communication of
inlenance crewl s, -

Spare paris inventory unit) this submenu computes the optinnl spare pars, time ol order
and other stated parameters with respect to optimad mamtenance crews and service demands ns
indicated in Appendix 1Vexi. This submenu leads to total cost interface by clicking command
*Total Cost™,

Total cost unit: in this interface various cost elements in Appendix 1Vexii can be computed
for varlons maintenance policies, This interface also selects approprate tools/equipment required
1o carey ot a specified maintenance activity, It also contains performance mepsures such as init
egst of mpintenance oz well as response-cost performance index, It also takes care of budgetary

aspact based on part-time and full-time stafT operation svstem, Decision of either to review
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strategic decision or not ¢an be taken in this place. Clicking command “Report” can enteér Lo sub-
interfiace of Henefi-cost analysis, This leads 1o Appendix 1Vexiii, where Benefit-cost analysis for
variows policies can be computed,

Report Menu

This interface reports the results of each and every moduies of operation currently in use,
However, the developed software is flexible and works in modules that are integrated into a
compozite whole, The software can effectively validare vsers inpart. .
N Computer Requirements

The computer hardware requirements for the developed CAMSOP 2003 are a personal
computer-with af least Pentium 16611z, 32MB RAM, 1.5GB free Huord Disk. It can also be ritn

on compuier systems of higher grade like Pentium-2, Pentium-3 etc.



CHAPTER FOUR
4.0 MODEL YALIDATION

In an attempt lo validate the model, some cities in Nigeria were used based on the
information demands of the formulated model. In the chosen cities, guestionnaires {Appendix
Vib) were circulnted to every potentinl and prosperous maintenance centre (especially one
engaging in maintenance of industrinl machinery), as well as to eyery industry that demands for
service of the centre, Besides, interview through phone eall and direct contact with the
management of the concemed organisations were conducted for further clarification en their
responses. The responses after analysis served as input data For the model and also assist to know
the level of aceeptability of the developed CAMSOP-2003, The results obtained from the muodel
assisied to know both sustainability of the existing maintenance centres and sustainability of
establishing ndditional centre, subject to maintepsnce palicy, maintenance costs and resposse
rintes of customers,

4.1 Datn Collection and Analysis

Dnta were collected by questionnaire administration, direct interviews and by extracting
relevant information from the warks -::fpusl researchors. The collected data were annlysed using
satistical methods, such as ssmpling, grouping, mean, median and mode. The data {related to
machinery musmtenance) collected from identified maintenance jobshops in five cities in Nigeria
namely, Akure, Dsogho, Ihadan, Ajaokuta and Lagos, were snalysed und the results are shown in
Tables 4,1 to 4.56; 2 2 |
4.2 Case Study 1: Maintennnee Centres in Alure

This entails identified maintenance johshops that are operating in Akure: These jobshops
are maintaining, rotary pads of industral machines like camshalts, erankshafts, pears and
gearhoxes, etc. and generating sets, The pattern of service demand, time of service, response mite
pnd others are stated and analyzed in Tables 4.1 - 4.1 1.

Table 4.1: Maintenance Contre [Alkure]

_Maintenance centre® Code Age [as at 2003)
AMS Mg 31

S0MS Mea 15

FEL Mea 22
JMEW Mea 22

“The names of these centres are concealed to protect their identities and
irformation.

Source: Survey, 2003
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Table 4.2: Sorvice Demand Data {Akure)

Sourca: Survey, 2003

Year | Total no. of equip. | Ave. | Ave. Maintenance | Total Maintenance
hge call per week no, of | CallfCentre per week
of ' Mice.
plant Centre
1991 13 3 —1.043 4 026
1992 13 4 1.063 4 0.27
1953 13 5 2021 i .50
1954 13 i} 3.0E1 4 076
1995 g 7 2.000 4 0.50
1596 ] g 3.000 4 0.75
1997 15 g .00 i 1.00
| 19498 24 & 3. 188 + 0.80
| 1999 23 ¥ 2148 i 0,54
20040 27 a 3. 146G 4 0.80.
2001 &4 13 4. 146 & 1.04
2002 33 14 — 3,188 3 0.80
2003 S 15 4,125 4 1.00
Source: Survey, 2003
Table 4.3: Average Time [in weeks) Spent in Maintenance {Alkure]
Maintenance centre Preventive Rropair Cverhanl Mo ol
(jangs
'[|11 [p tn' tr|| t-.1 -T-n. li- Trrl t[l- r
W 0.1 02 [02]02]07 [06|04][02]05 1
My 01|02 |02|02[02 0806|0406 ]
i P 01102 /02/02/02 |08]06|04/|06 1
Mye 1|62 |(02(02| 02 |1.0]08|06|07 1
Mean il 2 (o2 (o 02 |68l 06 |04 | 0.6 1
ts = Dptimistic time, t, = Most likely time, t, = Pessimistic time

Table 4.4: Average Acceptable Waiting Time |in weeks) in Maintensnce Jobshops [Akure)

‘Maintenance center Preventive . Repair Chverhaul
So | Om | O | Qo | Om | Gp | Qo | Om | COp |
M. | 1 1 1 2 2 2 2 2
Meg 1 1 1 i & = = F i 2
M.a 1 1 1 11 s s 2 | 2 2_
Mea ! 1 1 1 2 2 2 2 2
Muan 1 1 i1 | 2 I 2

g = Dptimistic acceptable waiting tme, qum = an;f-E-!rc!}r goceriable wﬁﬁng time,
y = Pessimistic acceptable waiting time

Source: Survey, 2003




Table +.5: Tools/Equipment Used for Main: snance {Akure)

o Preventive Repmir Chverhaul
Complete tonl box, | Complete toolbox, | Az in repair but inchides
meARUring  instruments | measuring instrurcents | Dlters” bencheas  and
and small gadpets see | and other maintenance | drafting facilities.
[CAMSOP 2003 equipment. ICAMEOP
2003
Source: Survey, 2003
Table 4.6; Spare Parts Stocked and Cost [Akure)]
Spare Part Preventjva Repair Overhagl Unit | Carryvang | Srdeong
Use Recewved Ume Receipt Usp Receipt Linst crst Cost
tate Rate Tabe rate rate rate " ™ w
Moy (e vl Moy (Mo foeeale) (Maf (Mo fweek)
week | week) 2 week)
Ninmond 0.5 1 2 i.5 2 3,008 200 1000
Cutter | -
Beanng 0.5 2 { 1 2 1.5 2 2,000 200 1 00}
Sorce Survey, M3
Table 4.7: Average Cost of a Maintenance Gang (Akure)
Code | Cadre Gross Salary/Month [0} | Gross Salary /Hour (4
I Director 50,000 2 .
1 Supervisor 25,000 208
i Technical Offiger 20,080 167
IV Fore-man 12,000 150
W Craflsman EE.0O0 125
Vi Attendant 10,40 233
Total 148,000 1,233
Source: Survey, 2003
Table 4.8: Mcans and Cost/Unit Time of Communication [Akure)
| Means dCu:al‘-’min. { Mg s (s Meca [, [ Commiom
s
MEMO 10 v v L o MEMO
MITEL S0 x X X X =
| GSM 35 X X X X :
PABX 20 X X - X =
Face To Face (FTF] 2.1 il ol o ¥ FTF
= Available
X = Mot Available

Source: Survey, 2003



Table 4.9: Degree of Communiention of Maintenance Personnel [Alkure)

Tt T nJwmlwT v | v TomslSowe |
2 el sl & a2 11 15
B 5 | O | & | s | 3|2 19
[t 4 B Q |5 |4 431 21
v J 4 ] 0 ) 4 21
| W 2 3 4 5 4] 5] 149
| VI = 2 1.3 4 | 3 0 15
[(PoTAL |15 115 |21 |21 [19 15| 110
ey Draily communication = 5 points
Every 2 davs = 4 points
Ewvery 3 days = 3 points
Esery 4 days = 2 points
Weekiy =1 paint
Mo communication = 0 point
Spurce: Burvey, 2003
Table 4.10: Average Cost of TUtility (Aluare]
Litility Cost/f - Solree
Cost of Waler - 12 {Survey, 2003)
Coat of Electricity 24 {Survey, 2003]
Annunl Depreciation Cost on Building | 5% of Building Cost | {Aderoba, 1595)
Equipment maintenance cost/annum 200,000 [Sumvey, Eﬂﬂﬁ]
Equipment failure rate/ anniim 9 [Survey, 2003)
Table 4.11: Inflation and Interest Rates (Akure}
Percentage Source
Inflation 25% [Akanbi, ot al, 2001)
Intercat rate 25% Surwey, 2003

"I
4.3 Case Sty 2: Maintenance Centres in E-‘ranghn

Maintenanee jobshops currently operating in Osogho were identified. These jobshops
were grossly engaped in mamtenance of industrial machinery svch ns; extruders, machine toals,
stranding and wire deawing machines, generating sets and other refated machines, The data on

service demand from various industries, times of seevice. response rote; and mainlenance erew are

given in Table d,12 - 4.22

Table 4.12: Maintenance Centres (Osogho)

Mammtenance Centre * Code | Age [as at 2003)
JMES Men 13

MAL . 13

FAES M. a]

NMTO Ml 249

*The npaimes of these centres are concealed to protect  their  identities and
information,

Source; Survey, 2003
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Osogho)

Table 4.13; Service Demand Data
Yeur | Total no of serviceable Aeg, fve. Mamtenance Mo, ol Mmintenance
euip Ape ol call perwerk MALNEETa- Call /Cenire

| plant nee cenire per week
£ag| a7 10 1.625 3 .54
1992 H 11 2. 188 ] 0.73
293 20 ) 1.375 ] (1,46
(994 | 33 10 2438 3 .81
[ous | 33 11 .75 3 0,63

| L93e) a3 12 2,125 4 0,53
1557 i5 A 50 | 4 0.62
LOGH | 13 [ 2.50 3 062
1999 14 10 1.5 4 0,33
2000 14 12 250 E 0,63
2001 14 13 1.5 & .38

| 2003 14 14 .25 A 0.5

| 2003 i 15 2.5 4 0,63

aouroe! Survey, 2003

Table 4.14: Average Time of Service (in weeks) Spent in Maintenanca (Osogbo)

Maintenance centra Preventive Hepair Overhaul Mo of Gang |
£ Em by L tm t tp | tm
Meu 0.1 (0.2 |03 | 020304 ]03|0.3]0.5 1
Mo .1 1020302 [03]04/03[03]05 1
M 0.1102(03/02/03)04 |03 (03] 05 !
| My .1 |o2[03 |02 03|04 03|03 05 1
Mean 0.1 102103 102103104 (03(03)]05 1

SOUTCe. Surey, 20030
Table 4.15: Average Acceptable Waiting Time in Maintenance Jobshop (Osogbo)

Maintenance
centre

Proventive

Repair

Clverha]

I-u- I-I|| t»'|.|

r"I1'I'|I

1

Mih

M.,

Mi’ll

Mean

1
1
1
1
1

[Sry S PR

e e e e e

057151 (83 15 g
hafia b b [pa
B3 |65 | b b o

RN [ 6 0 o

B {8 | Lt | 2t |2 |5

Source: Survey,

I
1
1
l
i
2

¢

003

Table 4.16: Tools/ Equipment Used for Maintenance {Osogbao)

and small pgadgets “see
|CAMSOP 2003)

other

equipment, (CAMSOP 2003}

maintenanee

Freventive [week] | Repair |weelk) Overhaul (week)
Complete  tool  box, | Complete toalbox, | As in repair but includes
MEARUring Insiruments | measucing instruments and | flters’ benches il

drafting facilities.

Sourco: Survey, 2000
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Table 4.i7: Spare Parts Stocked and Cost (Osogho)

Source: Survey, 2003
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Mptiire Praventive Repair Civerhais) | Unit Corryving | Ordenng
m Use Recdipt | Use | Receipt | Use | Roceipi | cost (s | cost (s} cost (i
rate rate rale rate rate rote
(Mof [MNe Mo/ [Mix/ Moy Maf
week] | week) | week) | oweekd | week] | weck)
Pizton & - - - - 0.2 0.3 131060 13100 65500
ing
Injector 0.1 0.5 0.2 0.5 G 0.5 IBD00 | 54000 | 270000
pUmp .
Hearing 0.5 a | 12 ] 1.5 2 2000 200 1040
Source: Survey, 2003
Table 4.18: Average Cost of Maintenance Crew (Csogbo)
Code Cadre Gross Gross
Salary/Monthii] Salpry) Hourd)
| Manager 30,000 417 a
] Engineer 35,000 292
11l | Supervisor 25,000 208
v | Foreman_ 19,000~ 158
v  Craftaman 17,0040 142
Wl Filter Mechanics 14,000 117
v Attendant ¥, 000 ]
Total 167,000 1,392
Source: Burvey, 2003
Table 4.19: Means and Cost/Unit Time of Communication {Dsogbo)
Means Coat/Min, | M M.y, M. Ml Comman
[#4]
MEMO 10 o W v W MEMO
MITEL 340 X X x X =
| GEM 35 X X % ® -
PABA 20 X S - A =
INTERNET I5 X X X S -
Face To Face [FTF) 23 v - b o FIF
¥ = Available
- X =Not Availabie
Source: Survey, 2003
Table 4.20: Degree of Interaction of Maintenance Crew (Osogho)
F:Taunnnl_l 1 1 111 w | v v VIl | Total
[ | O 5 5 4 3 | 2 i 15
11 3 [ 5 4 3 2 I 20
111 5 3 [ 3 4 3 = 24
1V 4 < -] 1] 5 - 3 25
Y 3 3 4 5 0 5 4 24
vl = 2 3 4 5 0 3] 21
V1l 1 1 2 i 4 5 0 1&
Total 15 20 24 25 24 21 16 150




Table 4.21: Average Coxt ol Uiility (Usopha)

o Litility Cost /i) SOUrce
Coat-of Waler . 12 (Survey, 2004}
Cosl of Electricity 249 (Survey, 2003}
Dep. Cost on Building 2% (Aderoba, 1995)
Equipment maintenance cost/annum 200,000 (Survey, 2003}
| Averape equipment failure/annum 10 {Survey, 2003}

Table 4.22: Inflation and Interest Rates (Osogba)

Percentage Source
| Inflation 25% [Akanbi et al, 2001)
Interest Tate 5% Survey, 2003

4.4 Case Study 5: Muaintennoce Centre in Thadian

Identified maintenance jobshop currently cperating in Ibadan was used. The maimenance
jobshop is NTL. It specmalises on the maintenance of generating sets, air compressors, pear
system and pumps. The necessary maintenance related data are analysed and given in Table 4.23-
4,13,

Table 4.23: Maintenance Centre (Thadan)
| Maintenance Centre® Ape

NTL 13

*“The name of the centre is concealed to protect its wlentity and Informmtion,

Survey, 2003

Table 4.24: Service Demand Data {fbadan)

Year Total Avre tage’ Taotal .| Totalno. of |Average
piurmber of of maintenance | maintenance | maintenance
machinery | imdustrial call fweek centre call f weel:

plant

191 ] 1 1 I i

1592 5 2 1 1 |

1993 20 2 2 1 2

1994 20 3 = 1 )

1995 i 3 2 1 2

1995 30 4 2 1 2

1297 30 5 3 | 3

1968 | 30 i} 3 1 3

| 1999 | S0 T 3 1 3
| 2000 | 35 7 3 1 3
2001 33 B 3 1 3
| 2003 39 0 3 i (. 3
2003 | 35 10 i} 3 =

Source:; Burvey, 2003
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Table 4.25; Average Time [Weeks] of Service in NTL Ibadan

Preventive

Repai

r

Ceerhanl

Mo of Gangs

!||| t||

Ly tm

Ip

|.|1. h-..

by

02 |0:2] 0.3 ]

0.2 ] 0.3

0.4

03 | O

0.5

2

source; Surves, 2003

_Table 4.26: Acceptable Waiting Time in Weeks in NTL

Preventive Hepair Cheerhaul
| Ga | Om p e i O | G Hm o
[ 1 2 i 2 2 25 2 | 25 3

SouUreE Burves, 2003

-

Table 4.27: Tools/Equipment Used for Maintenance in NTL

Preventie

Repair Chwverhinul
Complete 5 Tell bow, | Complete tonlbox, [ AR n  repajr  but
meEasuring.  instruments | measuring instruments and | includes filtera’
arl =mall gadpgets see | other maintenance | benches Al
[CAMSOP 20403] emylipment, [CAMSOP 2003] | drafting facilities,
Source; Survey, 2003
Table 4.28: Spare Parts Stocked in NTL and Costs
Spare Preventive Repair Overhaul Unit | Carry- | Ordering
parts cost ing coat [¥)
Use | Receipt | Use | Receipt | Use Receipt ¥ FSgIt
Tate ratec rate rate rivke rate (34
oo (fwie) | (fwk) | (fwk) [ f/whk) | (/wk) | (W]
Main 1 K 2 3 2 A 2040 200 1000
bearing
Slip . = 3 4 3 4 1000 100 SO0
Rirgs

Soiirce: Survey, 2003

Table 4.29: Cost of Malntenanes Etuu.r in NTL

Mainrenance Code Gross a.ulur_;.rlf;nmnr-:qu‘.E f-ﬂ} Gross-salary fhr
Personne| (M)
Enginesr 1 20,000 166.67

Technalogiat 11 16,000 133,33

Technician 111 10,000 53.33
Cralisman 1 7,000 G250
Attendant Y 6,000 a.00

Total 59,000 495.83

Source! Survey, 2003
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Table 4.20: Means of Communication and Costs in MTL

bMeans Comman v | Oopet S el midn.
| Not common X -

MEMO u' | 10

NITEL X 30
G5 pr 35

PARX v 20

FACE TO FACE X e 3.5
WALKIE TALKIE ! o 10

Source: Survey, 2003

Table 4.31: Rating of Communication in NTL

1 i 11l v | Y [ Tatal
1 Q a 3 3 3 20
1l 5 0 5 3 5 20
1l 5 5 o 5 5 20
I o = o ] a 20
N, L - O s 4 - W . -
Totel | 20 | 20 | 20 | 20| 20 | 100
Source; Survey, 2003
Table 4.32: Cost of Utlllty in NTL.
LItility Cosgt (M) Source
Waler 12fhr Survey, 2003
Electricity : 24 hr Stirvey, 2003
Dep, On Building 5% Aderoba, 1995
Anmusl ool ! BEouipment mainbenancs cosl, 200,000 | Survey, 2003
Mo, of Equipmenl failure) anoum 10 Survey, 2003

Solrce! Sureey, 2003

Table 4.33: Inflation and Tntereat Rates

Percentape Solrce
| Infation 23 [Akanbi, 2000}
Interest rate 25 Survey; 2003

Source: Survey, 2003

4.5 Caxe Stady 4: Mointenanee Cenfres in Ajaokota

The mmnienance jobshops specialisea u-_11|}' on the maimenance of i|1du§trin| machinery in
ASCL was vused. Their jobs covered among ::rllmr.q maintenance of power plants, repair of
machine tools, forged products; cyclonss, de-minemlising water plants and related machinery,

Patn refated 1o service demand and others are pnalvsed and stated in Tables 4.34 - 4.4,
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_Table 4.34: Maintenance Centres In ASCL (Ajaokuta)

Maintenance Centre® Code | Age (as At 2003} 3
1 | MRS = Mc! |16 e
2 | FERS M 120

“*The names of (hese cenires are concealed 1o protect  their identities and
information,

B

Burvey. 2003
Table 4.35: Service Demand Data (Ajackutn) ASCL.
Year | Total no Average Age Total Total no of Average
of Bauip. | of Indusinal | maantenates TN e nnce maintenance
FPlant call fweel; CEnire callfeentre  weel
19491 ¥ + 2 2 1
1993 | 12 5 2 2 1
| 1993 12 & 2 2 1
| 1954 | 12 T 2 2 1
E 1995 | |5 f o 2 1
19985 | 21 fi P 2 1
1957 | 28 & 2 2 1
{908 32 5 3 2 L&
999 32 7 3 2 1.5
2000 33 7 3 2 1.5
204001 35 a 3 2 1.5
2002 a5 9 3 2 1.3
2003 a5 10 4 2 2
Bource: Survey, 2003 5
Table 4.36: Average Time of Service (in wonks) in ASRL |Ajackuta)
Maintenance Preventive MeEnalr Overhaul Mo of
Centre Gang
ts fm Y e | tnp iy ts Ly tn
me? 0.2 |03 0.4 0.3 0.5 D5 0.3 |04 | 0.6 1
me? 0.2 03 0.4 0.3 0.5 n.5 0.3 | k4 | 0.6 1
fnean 02 |03 0.4 0.3 0.5 0.5 0.3 [(0.4] 0.6 1
Source: Survey, 2003
Table 4.37: Acceptable Waiting Time in Weels
Maintenance Freventive Repair Overhal
Centre
Hu G Ou ) S | Co | Sm | Gp' |
ine! 1 I 2 : 2 2 2 2 3
s 1 L 2 1 : 2 2 2 3
menn 1 l 2 1 2 2 b 2 3
Source: Survey, 2003




Table 4.38: Tools/Eguipment Used for Maintenance Activities

Preventive fweek) Hepair pweek) Overhaul (week)
Complete taal hox, | Complete toolbox, | As in repair but includes
mensuring  instruments | msasuring inatruments and | Glters'  benches  and
and small gadgets see | other maintenance | drafting facilities.

ICAMSOP 2003) equipment. ([CAMSOP 2003}
Souree: Jurvey, 2003
Tahble 4.39: Sparc Parts Stocked and Costs [Ajaokuta)
Spare Preventive Fepair Dverhinu] et Coarrving | Crdering
parts [ Use | 'Receipt | Use | Receipt | Use | Receipt | cost ) | costfunit | cost/unit
rate rate rate rate rate rate W) ()
[fwk] | Ulwlk) | (fwh) | §fwhk) | {fok) | (Jwk)
Main I 2 1.5 2 1.5 2 2000 200 000
bearin
K
Ship - B 2 3 2z 3 10000 1000 5,000
[ Rings ' l

Source: Suneey, 2003

Table 4.40: Average Cost of Maintenance Gang (Ajackuta)

Maintenance | Code | Gross salary/month (M| | Gross salary/hr
Personnel 1 o {54
Manager | 85,000 i va.33
| Supervisar | 11 52,000 433.33
Foreman | 45,000 375.00
Craltsmen v 25,000 208.33
Attendant v 15,000 125.00
Totnl 2232000 1,850
Source: Survey, 2003
_Table 4.41: Means of Communication and Cost
Means Cost min | Mo M Comman -]
MEMO 14 v » MEMO
NITEL |30 X X : et
GsM 25 X X -
PAEX 20 w -' PABX
FACE TO FACE 21 X x -
WALKIE TALKIE | 10 v ¥ WALKIE
| TALKIE

SOLFCE; BLUrVeY,

2003

Table 4.42: Rating of Communication

_ Hlm | v] v | Total

I ol s s |85 .20

1] 5 4] ] o o 20

[ m [ 5 |5 '] 5|5 a0

IV 5 | 5 5: |6 | 5 |: 20

W 5 5 ] ) i 20

“Total | 20 | 20 | 20 [-20 | 20 | 100
Source: Surey, 2003
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Tahle 4.43: Cast of Utilicy

Utitity | Cost (M) Source
Water 1 12/hr | Survey, 2003
Electricity 24 thr Survey, 2003
_Dep, Cost On Building 5% Aderoba, 1997
Average Annual Equipment maintenance cost. 200,000 | Survey, 2003 |
Ave. Equipment failure/ annum il Burvey, 20403

Source; Survey, 2003

Table 4.44: Inflation and Interest Rates

Percentage Source
Inflation 255 (Akanbi et al, 2001}
| Interest rate 25% Survey, 2000

Source: Survey, 2003

4.0 Cose Stmdy 5: Maintenance Centres in Lagos

The majority of maintenance jobshops identilied in Lagos were involved in maintenance

of penernting seis. This entails servicing, ropaiping and overhauling. The charnctenstics of the

identified jobshops are depicted as in Tables 4,435 - 4,55 The data related to service demand a1 the

peak period of December of every year in the past s given in Table £.56.

Table 4.45: Maintenance centre [Lagos]

Maintenance Centre® Code | Ape {as at 2003]
T [LwiL Mc |13
2 | UTCN Mol | 40
| 3| LPSL Mce | 43
< JHEL Mt 41
3 | MIL Mcr | 35 i

*The names of these centres are concealed to protect their  identities and

information.
Source: Survey, 2003
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Table 4.46: Service Demand Data {Lagos)

Year Toetal no of Average Age of | Total Total no of Average
serviceable | Industrial Plant | maintenance | maintenance | mainienance
machines call fweelk centre callfweek

1591 14 3 LE] 5 1.2
10az 14 W LE] & 1.2
(G903 14 5 o] 5 1.2
1994 16 5 G 5 1.2
1985 16 G 6 5 12
19596 i6 T = 5 1.2
1697 16 8 G 5 1.2
1998 | 8 7 [i] B 14
1999 18 8 T 5 1.4
20003 18 Q T 5 1.4
2001 i85 10 10 5 2.0
2002 18 11 11 ] 2.4
2003 18 12 il o 2.2

Source; Survey, 2003

Table 4.47: Average Time (in Weeks] of Service in Maintenance Centres [Lagos)

Maointenanoce Centre FPreventive Repair Owverhaul Mo af
Lrang |
L | ™ ta ta b iy | bm th T
met 0.1 0.2 0.3 0.2 0.3 2.5 |03 10306 1
mah .1 0.2 el 0.2 0.3 08 | 0.3 ] 0.3 | 0.6 1
mick .1 0.2 0.3 0.2 0.3 0.9 |03 |03 |06 ] |
! VT 0.2 0.3 0.2 0.3 O |03 | 0.3 |06 |
et 3.1 0.2 03 0.2 0.3 0o | 03| 0.3 | 0.6 L
Misn 0.1 0.2 0.3 0.2 0.3 o | 0.3 03| 0.6 !
Sourcs Survey, 2003
Table 4.48: Acceptable Waiting Time in Weeks (Lagos)
Maintenance Cenlre Preventive FEepair Owverhaul
o Om Op Ha Hm r e | Om | Gp |
TICE 1 1 1 1 2 2 2 3 3
___ meh 1 1 i 1 » 2 - 3 3
s 1 1= 1 1 b 2 2 3 3
met 1 i 1 1 2 2 2 3 i
mie* 1 1 1 1 b 2 2 ] 3
Mean 1 1 1 1 2 2 2 3 3

Bource: Burvey, 2003

Table 4.49: Tools/Equipment Used for Maintenance Activities (Lagos)

Preventive fweel)

Repair fweck)|

Overhaul (week]

Complete
MEAAL g

foal

box,
inatrutenty
and small padgetz =see

| (CAMSOP 2003)

Complete
instruments
maintenance
[CAMSOP 2003)

el

toolbox, measuring | As. n
other
equipment,

repoir  but
includes filters’
benches and dralting
facilities,

Source: Survey, 2003
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Table 4.50;: Spare Parts Stocked and Cost {Lagos]

Ht:lun:r::-Sﬁwc'_'..', A3

Spare | Prewentive | | Repair overhiaul Unit Carrying | Crdering
parks Use | Receipr Use Recalpt Une Receipt | cost (M) | costfanit | costfumk
ke ras Tt raie tofe rate (] i
Gfwi) | [fwh) | Gfwh) | |Swi) | ke [fwle)
Miiin b 2 1.5 IS i.4 2 2000 200 10408
bearing
Slip 3 2 | .5 2 28,000 1200 R L)
Ring= l
e (I

Table 4.51: Average Cost of Maintenance Gang (Lagos)

| Maintenance Personnel | Code | Gross salary/month (#) | Gross salary/hr (N] |
__Maintenance Manager 1 85,000 708.33
Maimntenance Engineer i1 HO,000 200,00
Foremian 111 38, 000 316.67
oralismen 1% 25,000 208,23
Attendant v 15,000 125,00
Total 233,000 1858.33
Source: Survey, 2003
_Table 4.52: Means of Communication and Cost (Lagos)
Means Cost) Meo | Met [ Mes | Med | Mes | Common
min
NITEL 30 v | X v + i E
MEMO 10 el v f v » | MEMO
ET |35 ) x: ] o o I =
INTERNET 10 X bt bl ol o
PALK 20 - ” bl 2 ¥ PABX,
FACE TO FACE Z.1 S A p e X =
WALKIE TALKIE | 20 A X A A ! =
# Available, X, Not Available
Bource: Survey, 2003
Tabie 4.53: Degree of Communication
I 11 11 v ¥V | Total |
I 4] & 5 3 ] 20
I ] 0 o 3 B 20
11 9 | b O - =5 20
O L ElS 8 1815 40
V 5 | 5 5 5|0 20 |
Total | 20 | 20 | 20 | 20 | 20 | joco |
Source: Survey, 2003
Table 4.54: Average Cost of Utility i
Utility Cost {4 Source |
Water ‘127 hr Survey, 2003 |
_Electricity 24/ hr Survey, 2002 |
Ton. Cost On Building 2% Aderoba, 1996
| Average Equipment maintenance cost. 200,000 Survey, 2003 |
Ave. Equipment failure/annum 10 Burvey, 2003
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Soureer Survey, 2003

_Table 4.55: Inflation and Interest Rates

nnnnn e

feroentaps Source
Inflation 5% [Akanbi et al, 2001)
Interest rale 5% Suivey, 2003

Bource: Burvey, 2003

_Table 4.56: Service Demand Data for December (Ave. Calls/week]

Year | Akure | Osopbo | Ibadan | Ajackuta | Lagos
1991 5 1.0 1.5 L 1.6
1992 | 0.5 L1 15 1.5 1.6
1993 | 0.7 0.9 3 L5 1.6
1994 | 0.9 g 3 1.5 1.6
1995 0.5 1.2 3 1.5 1.8
1996 1.2 1.0 3 25 2.0
1997 2 1.1 3 20 20
19498 1.3 il 3.2 =0 2.0
1999 | 0.0 0.8 3.5 2.0 2.2
2000 | 1.4 0.8 35 | &S 2.6
2001 | 2.0 0.8 3.5 2, 28
2002 | 1.4 1el 4 2.5 3.0
2003 1.8 Lo 4 2.5 3.8

Sourcel Sureey, 2003,
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CHAPTER FIVE

5.0 RESULTS AND DISCUSSION

We present here the results obtuined when mode! was tested using the data obtained from
nusinteiance job-shops operating in Akure, Osogho, Thadan, Ajaokuta and Lagos metropohis,
imnder n simulation run of 32000 wl:n:lln'.s {of CAMSOP - 2003). These results are discussed hased
on each strategic decision
51 Serviee Demand Forecast

Omlimal service demand forecast was obfained based on minimum "Mean Square
Forecast Error” whereas the Iatter was obtained through "computer search” for the best smogthing
parameters o fciors o, oy and o {Talles 5.]~;':.1{I-}. 'Tnl'nles .11 and 5.12 swmmarises the values
of the averall optimal service demand forecnst for each of maintenance jobshops adentified.
Cienerally, optimal service demand was achieved through *Exponential Smoothing Forecasting”
technigue. Fach maintemance centre in Akore, Osogho, Thadan, Ajackuta and Lagos is having (on
average) o demand of .08, 0.9, 2.39, 1.42 and 2.02 jobs/week respectively (Table 5.11) This
showe thot service demands Tor vear 2004 are peneradly fow except in IThadan and Lagos where
theee 15 a lintle improvement. Service calls towards the end of the year (December, 2004 ) show an
appreciable improvement over the normal periods (Table 5.12), except in [hadan where there is
no change m demand. The optimal demands are 2.06, .99, 239, 1.56 and 2.81 for each
maiittesance jobshop in Akure, Osogha, Ibadan, Ajackuta and Lagos respectively.
Tilale 5.0 Chpiimal Service Demianil Foreeast for 2004 (Ahluare} i

[ Toreemting Technigues Uptimeal smathing focter | Optimal Menn | Uptinsl Chverll
Squnre Error [MSE) | fureeast ik ol
i lisrecn=
iy | e fry
- Three period moving saverngy . . . LSS 1.068 -
2. BEsponentind smoithing a9 - - LLRE LAY 1.4K8 (R
1 M il - - . (ki 1.0% -
1 Limsir Begression madel . - . ChAMIZ 20 BGaE -
5, Smaathing Vinens 'rerd 1.9 XL . CFAHIA AR 215
fv Smamihing Mimslinenr Trensd
ibl, Eaponsisiad a9 1.4 (LA 52 | 214
ik Pramapead ny el A AR E T 1 203 -




Table 5.2: Optimal Service Demapnd Foreost {2004 Oaepla

Forecmiting Technigques Ontireal wnspathing | Optimal Meon Scusse | Opéimnd ferecast | Owverml)
T Ermorp (MESE) 2004 aptimnl
Fnrecmsl
o | @ | m
1. Fhrue peerisd dnoving overage FEEE T OLEI0GHES ] LR -
| X Expinential smaoiling 0.y - - (L0 LHR 0.9
1, Mive miondel - - - Q.ODII2T o -
i, 1 eivicar n—g.'-:mm_1'1l1mh:l - - - LENEE R L 14.37 -
3 Sanesiiliing Liicar Toend T - L DR Pl -
s, Sasithing Moielineps Trend
(1), Expaneniis % | il 0. (K10 ] 403 1549 -
(i) Damped 9 | bl | 08 LR B 269 -
Table £:5: Optinind Serviee Bemand, Furceast (264] Ibadsn
Forecasding Techinmgmes Crptiml smambing fogtor | Optimal Mean | Optimal Owerall  optimal
Square  Erros | foreeasd 2004 forecis
| (4I5E)
| i 0y i1y
L. ‘Three perisd masving avernge = - = {1.0007462 -
Y. Exposiential smoathing R - - G EH0k L A 239 2.3
1. Maave el - - f.ond 10 219 -
4. 1 mar regression mimdel g, = > 1.1 E5485 39 s
3. St liing: Linear Tread LA LR - 043373 174
| Swoathing Nou-Hipear Trepd | =
(i), Vspniiential A L Ll NBG3 1S 411 -
[ Dmped [{R!] LR nT LR R AT ] 4.7
Tahle 5.4 Optimal Service Demaml Forecast (2004] Ajaokais
Forecusting Techniguus Optimad smocihing - | Optimal Mean Square | Cpdimnd Ciwernl|
factur Errenr | MEE) Forecas Cipatdimnd
= Forecet
58 iy iy
|- Theea perimdd mEving wveraje ARG 1.42 .
2. Exporeutinf smopdbing LERY - LU |42 | & v
3. Maive mlel 3 = F Taoninz a2 .
4. Langor repressaon model 00504018 545
A Rimwsthire Lasear T eeied 8 KT - [il3554 5.5% .
&, mrmwsthing Man-liness T rend -
1il Expomentl .5 [ 1.1 [L02326% IH A%
dini Pamgal L 0oy | ng 1925 254 -

T3




Talily 5.5; Opthianl Service Demand Forecasi (2004) Logos

74

I-'-Iﬁ'-u.'u-:irr.E Dol Dipptirnid Amosthimg fectaor - | Opgimal Mean | Optimal | Ovesaill
Sguare Eror | Forecast | Ciplimnl
IMSIE) KM Forecast
1] o | M
1 Thiee pereod misving averige 0000238 .24 a
L Ixpumential emumithing R - - AUAEIE 2.042 2oz
3. Maive moded - - 0,00 Tl 1,98 =
[ A Linear regrcasion musdel = > : b 143554 EYE 3
5. Hommathing Lincir Treond ERE HEF * [ER e e ) .12
f Smanthing Fon-livear Tresd .
(). Expomentlal 0o 000 L.l L AN2 1 BB 4 -
(xi ) amrped [T QU 0.7 (IT0RIT 147 -
Table 5.6 Oplimal Service Demand Forecnst for Diecenyber 2004 (Alisre]
Fuorecaabig Technigues Cripzimnt-gmndehing Ciptimal Chpimnl Crverll Chptimnd
fsor Mean Spuore | Feecast larecas:
Emar (MSE) | {[ee. 2004} (Theg 20005
Le]] oy Iy
I | Thiee period s uverige * = - (Aa033y. 1,79 4
2 | Espawenibisl smoothing 0.4 - + QA0 1.06 215
3| haive imodel - - (10001 38 .15 -
4 | Lineos Hepression Model = 3 5 0, O0EGRE 10.44 =
5 | Smootling L. Regression Modal 0.9 il - 0.E0F338 4.30 -
fr Smgnblidog Mol Trend
(1] Espemenitinl R nop | i 000 B 538 -
il Eramped ng | nop 3 0,00 [ R58 2158
CTabde 5.7 Ohyubiad Service Demand Forecnst for Deeember 2004 (Dol
Foreenating Tevhnigues Ugpitmal smgwithing {ptivnal Ciptinnnl Chvemli Cipdamal
fncior Mean Sguare | forezast Torecnst | Do, 2004 )
Errar [MSE] | (e, 2004
£ [ £l
|| Theee perind movinig ivemge = % = AL R 1.50 =
2| Esponentiil smonthing LA = = LM | .98 L
3| MNnive model - -« 1 - AWML LS 1,5 -
4 | Lineor Hepression Mol > 3 z AR 435 9,735
S5 Smootling L Regression Madel [T i1 HIEA1 | .54
f | ol Mas-laeenr Trendd
(11 Exponentinl 0% | (ki .1 0,003 1S 445
[ L hampsed [ U] B LA 41 -
=




Tulble 5.8: {Fptimal Service Demnml Foreessi for Decomber 20604 § Thadam)

Forcensting Teclindgues Optimel =4 +. Crptimal leirnn-l Cvernl| Ciptimal
smoothing fetar bdenn lorogis lanegzml [Tec, 246}
Souare Epror | (Dee 2004Y
{MSE)
oy L Wi
|| Three period mivaing overge 5 = = DO GBS 238 <
2 | Expaonieniiol sigroibing o - = D002 239 239
A | Milive moual - 0,003 2.30 .
I Lamie Heeressom Model - - 0I6HIRES %18 -
5 Aol L. Repression Modal e | g il 169 £ -
f | smoothing Man-lisear Teemd
{1} Expamentinl L | a1 1127673 T ET
1] [amipesd o | ok | 0,7 ORI 4.7% =
Table3. 5 Ogfinn] Service Demand Foreenst for December 2004 §Ajaoloin
Forgcnsting Technigues Ciplimal Cypdimnl Crpaimad Civernt] Cipgomanl forecas
senaathing foctor Mtean lisrecast ([, 2004}
Snqure Emror | | Pog;, 20Hk)
(M55
L : Ly iy
i [hree pord moving average - 10062 e i I -
2 I'.:-:'|1n|.||'||:|'|li.'|l srmoothing .9 £ D] 1A 1.56
b1 Hnive moidel = 3 (LSS 143 2
4| Linesr Regression Mode e = = 122046 B %
50 Rmwwiliee [ Regression Miasdel 09 [ 007 ] - L0325 45 -
fo | Sreifing Moa-linear Trend
i Expanentio 5 AR |1 AR Y .02
{iil | anpeild o 00T | 0% (L2050 2.8 -
Tuble 5.1k Optimal Service Demand Foreesst for December 2004 {Eogos)
Fsreensting Technigees Cpgiamanl Cipaimnl Ciptinal Cwerall Oplimal
smoisthing facior e forccast forecasl {Diee. 20045
. Sgunre Ereor {Dhec. 2004 .
(MSE)
11y 1s Iy
| aree poriod sy, iverike . 0022 1.03 -
i s peirintiul dinnotling L] - [1,[MMKEIna 2N 2H|
3| Mipve model - - [LONEMGS 237 -
4| Dimestr Bepression Model - - 2 ERT3E W20 .
5 Armgmlling L. Beprression S| [N I A R R R R 345 -
41 Smoathing: Manelirgenr Trenad ¥ Y
i) Expoientinl 09 [t | 1.1 1,48 T 0,45
i) Pranped 4 AT | D8

75




Table 501z Overall Optimal Serviee Demand Forecast for 2004

Tawnt Crpeimnd smoothing Gwter |Optmnl Mean {iplimal Uhptnmind lorceas
Munklenunee centre Seponnd [ Ferecusting 2004
i iy iy {MSE] Technigus
A kg IR} - - i, DTN Exponentiml |08
armacihing
K 1sdiibun (N - - L EHITEM ) I-:]_[ﬂm:mml (N]
jmnnlh]n&
L ATRITTR nu - - L] Expumernitial 239
arnooliing
A skl .9 000K Exponential | 42
smoulbing
§.ages (.9 - - RN Expanential 2.
! smoihing
Table 5,03 Overanll Optimal Service Demangd Forceast for December 2004
Tuvinii gl simminibeng laeioe Ciplimal Menn Lrptaizmd I'.I']Hlmnl foareeasl
Munreninge ceniing Siquure Evi fopecnsting [z 200004
it Il R (58] T¢£I1n|.'|l|||.'
A LA - - LMK Exponentl 2 Ay
smrthing
K Il (R} {3, NI Fxprpential R
'rl'r|.-;|t'1|.|lil1E
Ihict L - - {n{aoza Expusnential 234
smaathing
Ajkidia (FI] LK CHLRIRE] l::l.pum:m:nl 1.56
sigon | s
il apuis ] - DL Expasnentinl 12|
smoathing
5.2 Crow Gang Determineiion

The optimal results of maintenance crew obtained from CAMSOP-2003 for each of

maimtenance centres identified in each city are shown in Tables 5,13 -5.17 for various reliability

factors, Al an neceptable reliability of 0.7, the resulls showed that the identified mainteniance

centres in Akure, Osogbo, thodan, Ajaokutn and Lagos can operate effectively with only one

crew dive o the low fevel of service demaiwds {Table 5.18). In Akure and Osogha, gang size can

b further redveed from 6 and 7 to 4. and 5 respectively withour atfecting their level of operation

I peak pertod { December, 2004, one grew would be enough for the maintenance centres with i

various sizes except in Lagos, which requires more personnel for iis sustainability (Tables 5.19-

5.23). Table 5.24 summarises the ovemll optimal crew ot 8 rolishility of 0.7 for each of

mamnienance centres. For instance, in Akure, 6 maintenance personnel are needed instead of 4

propased. in Osagbo only 5 is required as proposed inder normal condition, Ibadan and Ajnokitn
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still retain their level of gang size of 3, and in Lagos the existing crew needs to be increased by 1,

for effective aperation of the centre,

Talibe 5.0 3: dhpsinal Mumber of Moimennnce Crev Jor 2004 {Akure)

Plamnieninec Ceried Opaimal Crew Mumber Tor vimsous religinhity lagiar (v}
Cinlee wrnciery
Crpn | (igng I Ly 0k a3 04 .5 i ki X il
iy | @
i
e ! [ ] 1 1 I i ¥ i I | | |
(L I | I 1 | 1 | i | [ |
i I fi | | 1 i | | | I 1 |
e, i 1 i | | | 1 i i i i
iy Ii
(LTS ] i 1 I | | | 1 ] ] ] ]
i I fi i i 1 | 1 1 | 1 1 I
ine, I 13 i 1 1 | | I | 1 1 I
| i i ] 1 I | ] ] 1 1 1
Ly 1
Ing | 1 1 I 1 | 1 I I | 1 1 |
Tars I fi . | 1 | 1 O T i 1 |
fEwy I fi i I 1 I 1 i I | 1 I
LA i fi P I 1 | 1 1 I 1 1 1
A ;
g, I fi 1 i 1 i | I i I i |
s ' [ : I I I 1 i | b 1 i
L] | fi i I 1 I r I 1 | | |
g L | & | 1 1 1 | 1 | | I I
i i
i | i I i | i i i | 1 |
ey [ # i [ ! | 1] | | I |
ES I [ b i | i RITH i 1 | [
e, [ i I’ | I o N ! | B
1540 1 N
e I I i | ] | ] | | | ] |
1y I h i | ] | ] | | i I |
imci | i i | 1 | ST | | i |
e t fi i i i I i I I I { I
Ry
L) I ] i i 1 l | 1 i 1 [ I
IniEy I f | I | I i I I | [ I
gy I i i | i 1 | 1 | 1 | 1
g ! i | [ ! ! ! [ [ I | I

P, Preventive malmlenance,
K. Bepair,

3, Crwverhal,

A AL operiationy
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Optimmal Crewe Mo For various selzbibity {r)
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Talle 5.04: Optimal Number of Maintenince Crew for 1004 {Dsagho)
Mlmnienunee

Lentrg

mc,
LiiL=Y
e
iy

mu,
MG
mi,
i

g,
iy

Fie,
mics

me,
M
1
My

mi,
kg,
ey
ITh

& 1] =8
LEL =
i,
mcy

P, Prevestive meinienance,

R, Repair,
O, Ohweshapl,

A, All operations
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Tabile 5 15; Optimal Nomber of Maintennnce Crew for 2004 (Thaddnn)

B e s rved Cmpimal Crew Bo for vrious selinbilivy (v
Cenilng
ey Liang .5 (FR 1 .7 R i3 i 0.3 0z b1
Ll Sz
[I
L iR 2 5 1 1 1 1 | 1 1 2
Ml 14 G
ra 5 | i i i i 1 ! 3 £
ML ih
a2 5 1 L} | | i F i 3 fi
NTI A
3 5 1 1 I | I | 1 2 i
i IR
3 3 1 | | | I I I 2 3
Ml R
3 5 I | 1 1 1 i i X 3
M1 Ry
T 5 | 1 | | i 1 i ri 3

P, Preventive maintenance,

R, Repair,

0, Owerhaul,

A, All operations
A, All operatinns
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Table 5.06: Qptimul Nuutber of Maintenance Crew for 2004 (Ajavkntn ASCL)

Mlamienance Chserved il Crow Mo lor various relinbiliy (e}
Cening
Crew Mo I Ciie g [T i, nh 05 4 3| na TN}
Sire
i’l
i’ [ 5 [ I I I i i i [ 2
iiic? i 5 I I I I i I 1 i T
It
e 1 5 f I t i i | i 2
me’ [ 5 [ I I 1 1 1 [ 2
)
me' | - 1 1 1 | i 1 | 2 3
e’ | L 1 i | I I I | 2 3
A
e’ I 1 1 1 ] i | | | I 1
m* | 5 [ 1 [ 1 i I I [ 3
1K
! | 5 ) 1 I | 1 | [ 1 2
e 1 5 i I I I I I I I ry
T i
! i 5 i I I I i | I 2 ;!
et I 5 | I i | i I I 2 1
([N}
mie! I 3 1 I 1 | I [ [ | 2
me” I 5 1 | [ | I | [ [ E

P. Preventive mnintenanoe,
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Tahles 5,18: Operatle Maintenznee Policy for Yariows Gang Siee (r=10,7),
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TahleS. 2 Optimnl Number of Maintenapce Crew for December 204 {Dsoglio) |Gang size 7, 59, 6}
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Tabile &35 Cveerall Optimal Crew foc 200 (= 0.7)
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53 Tools and Equipment Planning

The results in Table 5.26 shows that one set of maintenance locls/equipment (as indicate
m CAMSOP- 2003) is optimal for various categories of repair in cach of maintenance centres in
Akure, Osogbo, Thadan, Ajackuta and Lagos, Besides, set theory analysis shows that Overhaul
(03) wolstequipiment are optimal for Al operations (A), Preventive and Overhaul (P/O) and
Repair and Overhaul (R/0), whereas Repair tools (R ) are optimal for Preventive and Repair (IR)

a4



activities { Table 3271 The sitantion 15 the same for December. 2004, but @ach of maintenance

jobshops in Ibadan should shelve one set ol wols'equipment ont of the two set presently using as

one sel is optinal based on the level of service demands.

Talde 5.24:; Oiptimal Mwnber ol Tonls & Equopment (e = 10,7}

B Cibserved set of cguipmeni {Uptimnl sel of equipment
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P Preventive maintenance,
R, Repmr

0, Coeerhoul,

A Al operations
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Spare Parts Planning

The level ol spare part (hearing) inventory 15 shown Table 5,283, The model would save

each ol maintennnce centres in Akure, Osogbo, |badan, Ajackula and Lagos from excessive

procurement of “bearing® of 78, 77, 52, 51 and 31 {in case of Proventive (P) maintenance policy),

52, 41, 26, 26 and 26 (in cose of Repair (R) maintenance policy), 26, 25, 26, 26 and 36 (in case of

Cwverhaul (U3 mointennnce policyy, 51, 49, 35, 35 and 37 (in ¢nse of All opertion (A)

maintennndée policy). 64, 59, 38. 39 and 38 (in cose of PR maintenance palicy), 52, 52. 38, 38

nnd 44 {in case of PO mamtenance policy), 38.33, 26, 26, and 31 (i ¢ase of R/ maintenance

palicy ) respectively. For these policies, optimal timeforder {in weeks) are round up 19 hall a week

except in Thadan where cach maintenance centre has optimel timelorder round up to two-thind of

a week.. Besides, only one spiare part shevld be ordered st a time [Table 5 2803,
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Tahle 5180 Oydimnl Inventory Level {r = [T}
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", Prewventve maimienance,

i, Repair,
0, Owerhoul,

AL Al nperations

5.5 Communication Manning

Tabde 5. 2% shows savings in level of interaction, Application of this model saves each of

imaintenance shops in Akure, Osogbo, and Ibadan, 18, 22 and 20 interactions {and 015 associated

cost) respectively, while the present interaction level in Ajaokots snd Lagos is still optimal in

year 2004, In December, 2004 each of maintenance shops in Lagos needs to increase its level of

meeraction by pdding one more staff. Alse Technical Officer and Foremian have the highest

wiighted level ol interaction in each of maintenance centres in Akure, and Foreman have the

highest weighted level ol interaction in each of mointenance centres in Osogha. All maintenance

personng| in each of the maintenance centres n Thadan, Ajpokutn and Lagos have equnl weighted

level of internction { Table 5.29h)
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Tuhle 5.2%: Optimal Level of Interaction (r=10,70)

Forwn Cliparryind ' Oipidmal Savings

Bl fiamg Mool Tl  Moof Gang B ol Total Mool Gang  Nowl Tidal
Crewe S Indesuction  ratings  Crew Siee Didomection sitinps Crew Soee Iolsraction mtings

al ol ol
Imledac i it racixn " interaciicn
=1 . i
Akure | i | &l 1 4 12 12 - ' 10 18 i
Craplbn 1 T 2 42 1 5 20 el - 2 | FF
Jhuslan 2 1 a0 filx} 1 5 mn m 1 5 m 2
Mgkl I 5 an m 1 8 i) n - a = =
Latgn | 5 an an 1 5 FiH Al - - - -
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Table5.29b: Optimal Welghted Level of Interaction (r=0.7)

Fawn Personne| Rating Weighted level
Akure B Attendani B 409
Craltsmian 1% 5.18
Direcior 15 .00
Foreman 21 573
Supervisor 19 . 5.18
Technical officer 21 573
[eehn Attendant i 436
Crafisman 24 .55
Engincer 20 545
Filter mechanics Fi K
Forgman 25 6,82
Manager 24 6,55
BUpErvisor 24 (.55
[ adian Anendant - 20 4.0}
I Craftsman 0 4.00
Engincer 20 ' 4.00
Technician 20 4,04
Technologist 0 2.00
Mgkt Acdtencdanm 20 4,00
'Crafizman = |20 400
Foreman 20 4,00
Mnmager 20 4.00
Bupervisor 20 400
| Lagos Attendans 20 4,00
! Craligman 20 4,00
i Engineer 20 4.00
Fasrerman a0 ERE
l Managar s 4,010
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R Muintenanee Scheduling and Costing

The optimal maintenance jobs scheduling costs using developed model are presented in
Tables 5.30a-5.36a under various condition stated: Full- time (FT) and Part- time (FT) stafl
enpagement an one par and No Equipment Fallurs (NEF), Equipment Failure with Standby
(EFS) and Equipment Failure Without Standby (EFW) on the other. Performance based on the
cost of maintenance week is also evalunted; this would assist in charging moinlenance activities
appropriately (Figures 3,30b-5,36b), However, Benelil Cost Ratio (BCR) analysiz of the system
{Tahles 5.530b-536b) would assist the maitenance manager of ench maintenance centre 1o know
the most profitable maintenance policy to embark on in the year 2004 with minimum additional
cast as compared o other alternalive pbli:ius__f__?&r instanee in Akure, Preventive'Repair policy i
the hest altermntive for cach of maintenance centres fn the vear 2004 with BCR of 44.51, 46.24
ard 4851 for MEF, EFS and EFW respectively, ased on PT staff engagement, while
Owerhauling stonds the best for WEF, EFS and EFW based on FT stafl engapement. The former is
preforable in region where competent stafl s [acKing. [t may be disastrous to embark on PT staff
under this condition. The PT stafl’ may be eacouraged in the developed countries where enough
competent stafl is readily available. Similarly, All Opesations (A) stands the best for PT stafl and
RepairCOverhauling {RAO) stands the best for FT staff enpagement under the three states of NEF,
EFS and EFW m each of maintenance centres in Oseoho, This is similar wo one at [hadan.

In ease of Ajaokuta, Preventive/Repair (PR} is considered best alternative for PT staff
while Repair/Overhaul (RAQ) is the best option for FT staff engagement in the year 2004, These
results are similar 1o one oblained for kagos. The revised version of the results when the crew
size m Akure and Csogbo maintepance jobshops are reduced to £ and 5§ respectively are presented
m Tahles 5.35b and 5.36b. In Osopho, reduction of the crew size to 5 does not afTect the optimal
nitgrnative course of action, but in Akure, the reduction of crew size to 4 greatly changed the
sHuation, For PT stafl engagement, Repair is the best option for NEF, Preventive/Overhaul is the
best for EFW and Preventive/Repair is the best for EFS. In case of FT stafl, Overhaul (OY is the
best For all the three states of NEF, EFW and EFS. Alse tonis‘equipment fallure without standby

incurred more maintenance cost than with standhby,



Gieneral by, maintenance cost estimated for Full-time Staffers is generally higher than that
of Part-time Staffers. Results also showed that Cost estimated for each maintenance policy under
Part-time StafTers are relatively close In all identified maintenance centres, and the gap s

refatively wide in cose of Full-time Staffers (Tables 5.308-536a: Figures 5:1- 5.7}



Tahle 5 3: Optimal Todal Muintemunce Cost under Full-time und Part-time Stafl {Mems, Alkurc)
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Tuble 5.33a: Optimal Tatal Maintenance Cost under Full-time and Part-tiae Eﬁ!IT{Hm Ajnnkuin)
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Tahle 5.35h: Benefir Cost Ratio (BCR) Analvsis (Cres sive = 4%, Akuore)

HCR|PaR| R0 O-+A | A-+ifR PIR PO Fi0 — RIO ,
DCR,” | 47.52% | NV | 3965 | 4.3 NV T P. Preventive raintenan
RCILT MY | 675" MY MV 57 4.3 R, Repair,
DCR™ | 357 | NV | 4015 | 354 5870 NV 0 Overhinl,
[ BCR | NV | 6670 NV NV NV 4.1l A, All operations
BCR, 335 | NV | 4L 60 NV NV
[ BCR™ | NV | oM NV NV 231 1064

Tubbe & 5n Optimal Total Moinienance Cost under Full-time and Part-Hme Stafl {Crew slae = 5%, Csogho)
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Table 5.36b: Benefit Cost Hatio {BCR) Arolvsia (Crew slze = 55, Osopla)

BDCR|[PToR|[RaO0] O=A | ASPR | PR PO RO - R
BCR: | 028 | NV | 6203 5501 (1,78
BCR" | NV | 058 | NV NY NV 355
BCRY | 028 | NV _| 6100 5871l 081 RV
BCH™ | NV_| 053 | NV NV HV 3300
BCW® | 630 | NV _| 6761 By [ OEY. NV
[ BCR” | NV | 030 | NV NV | NV 3 85"

57 Performance Evaluation -
Performance measure based on the Usit Cost of Maintenance and Maintenance Cost
Weok showed that *All operations” mamtenance policy has the lowest umit cost of maintenance
m year 2044 for dual Part-time and Full-time Staffers in each ol identified maintenance centres
(Table 5,37 Figures 3, 1-5.7),

Table 5.37: Optimal Maintenance Week Cost (r= 0.7}
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5.8 Sensitivity Analysis

The sensitivity analvsis is necessary to mvestigate the level at which the mode! can work
well. This was done by varying service demand rate, A, from | 1o n for vanous mamtenance
palicy, The results obtained are shown m Table 538 The results showed that a reasonable
number of maintenance crew was obtained oaly when the value of service demand rate; L is
hess  than service mate, . In the reverst case, reasonable pumber of crew can be gotten only
under very low response rate (very high acteptable waiting time) of customers that in normal
situation sounds mpessible, Therefore,- for continuing application of the model there s need for
sensitivity analveis, The model rocommends the effective service rates, jiny, for vanous scrvice
demands, A Using the Adckar factor, : the pesifts of the analvsss arg shown in Tables 5. 349-
.43 When the resulis of the various service demands are plotted against their corresponding
values of recommended service mate, plo,, the Charis m Figures 5.8 -5.12 are obtaned. These
Charts assist to select the approprigte service rates for various service demands (instantancous

demands) of a miven maintenance policy.
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Tahle 5.38: Model Sensitivity Analysis
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Tahle 5.39: Recommended Service Raie for varioas Service Demonds (Alure)
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Talle 5.410: Recommended Service Hate for varioss Service De

mands {sosha)
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Tahle 5.41: Recommended Serviee Role for varioas Seivice Demands (Thodan, Noble Tech. Ltd)
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Talsle 5.42; Revommended Sevvice Hote for varinms Service Demanms § ta, ARCLY
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Fig. 5.10: Recommended Service Rate for various Service Demands (lbadan)
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Thi: results obtained from maintenance jobshops operating in Akure was used to test for
the cfficacy and workability of the sensitivity analysis. The resulis (Table 5.44) show that the
analveis 15 aceeptable and ¢fficient under the earficr assumption that the crews are equally
cfficient. In the same vain, the rate at which the crew is increased using the analyvsis is totally
leaser than the level of reduction in service rate. Even, there is no reduction m number of crew at
all n 0, PO, and R/O maimtenance policies.

Tahle 5.44 Test of Sensitivity Analysis { Akure)
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510 Limitations of the Model
The model has the following limitations:
(i} The model cannot account for the siate of the defective machines before heing
brought to the maintenance jobshop,
{#) Aldso, it cannot account for the state of defective machine pans until the machine is

brought 1o the maintenance jobshop.

£ B Areas of General Application
The made| is flexible and versatile. It may be applied to other sectors of economy, such
s’ .
{i} Manufacturing
rid Apro-machinery
(i} Aeronanotics
{iv)  Marines
v Food processing
fvil vl and Gas
ivil)  Relneries ele,
The rate ot which these sectors are producing using appropriate machivery determings
service rate while the rate at which customers demands for products or services determings
demand rate, However, the rate of producing for customers® satisfaction depends on e
avallability of machinery In use. The availability of machinery In use depends on effectiveness of
maintenance on sech machinery. Maintenance effectiveness can be achieved only when the

optimised strategic decisions are well implemenisd.
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CHAPTER SIX

i, CONCLUSIONS AND RECOMMENDATIONS

The following conclusions and recommendations could be drawn from this rescarch on
maintenance planning:
.1 Conelusions

This study shows that there is need for integration of strategic decisions often witnessed
in maintenance job-shops, since single decision optimization in literatures failed to give expected
wholly solution to maintenance problems, especially in developing countries. The formulaed
integrated model solved the problems of maintenance calls, mamienance crew, maintenance
tools/equipment, spare part inventory, communication, job scheduling and maintenance costing in
a single run for various mamtenance policies. Benefit-Cost Ratio (BCR) analysis served ns
indicator as to what type of maintenance policy and maintenance crew would benefit the centre in
the following year, Besides, the developed computer software-CAMS0OP-2003 guickened the
implementation of the model. The CAMSOP-2003 runs on Pentium-1, 32.0MB RAM
microprcessor based computer system took about 3 minutes to complete a single run, Manual
computation could be very tiresome and as well cumbersome: A single run could take severnl
hours for a resilient mathematicuin to compute. Finally, the model has prescribed the best
maintenance palicy for the year 2004 through effective cost estimation.

Hewever, the Tollowing conclusions could also be drawn from the study:

(i} The lowest .sen'i::t demand witheszed in mainienanse Sentres in Dsogbo may be
attributed to inability of such centres to meet the response rate or acceptable
waiting time of customers. Therefore, the developed sofiware — CAMSOP —
2003 conld be useful in prompt planning for the strategic decisions mentioned
earlier in such centres and other similar centres based on existing response rafe ol
customers, "

{ii) Excessive use of manpower 'f:r:rl:w.-sizej witnessed in maintenance centres in
Alcure, Dsogho; and Ihadan would not have been known il a framework provided
by this study is not in existence, This study successively prescribed the actual
size of maintenance crew required for mainténanee activities at a time based on
level of service demand and response rate of customers. This development
favourably inMuences the size of tools and equipment a5 well a5 communication
rating.

{1ii) The methodology provided in this study for spure parts management in

maintenance centrgs, if well utilized, will safeguard excessive procurement of
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{iv)

(v)

{vi}

apare parts that would add to the operation cost. [nstoliation of the developed
sofiware in maintenance centres in Akure, Osogha, Ibadan, Ajackuta and Lagos
has preseribed the ocival time of ordering and nuinber 1o order at a time ©
maintain optimal inventary management.

Inclusion of maintenance scheduling based on full time and part time stall
engagement has highly benefited the maintenance centre operations by allowing
the better choice out of the two MHiematives,

Besides, consideration of variouz mnintenance policies with their stochastic
noture makes the system robust. This widens the scope of choices and allows the
model to give a realistic result.

The study accounting for various cost elements in maintenance svstem would be
of immense help to mamtenance practitioners as to how to effectively cost
maintenance activities. With this shortage could be prevented thereby enhancing

sustainability of the centre,

6.2 Recommendations

The integrated model could be useful in maintenance planning both in the developing and

developed countries of the world, All operations mpintenance policy 5 recommended for

developing countries that are characterised by low capital outlay. Besides, the following

recommendations could also be made:

(1

(i)

(iti)

Effectiveness of this model lies on genvineness of the input data, Therefore, datn
should be reviewed from time to time 1o reflect changes in the .smtr: of the art.
This would enhance continuing reliability of the model’s results.

Effectiveness or diagnostic ability of maintenance staff changes from time to
time, As a resull of this, it is recommended that user ol the software should take
adequate rec-;:;rda of activities of maintenance personnel in ltis centre and justify it
with thie optimal results prescribed by the madel, This would help o determine
the retiahility for the next operation. _

Part time stafl is recommended when there is high supply of labour but
few demand while, full time staff is recommended when there is few
supply but high demand. At the equilibrium point it is worthwhile to retain
your staff based on thair competency, The latter depict the peculiarity of

developing countries.
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- APPENDIX T - ALGORITHM DEVELOPMENT
Algorithm for the integrated model formulated for optimising maintenance strategic decisions 15 presented here

L

ekt

15
i

=

=
-~ ]

Input various values (past data), A, Gi. t, m, Ni, G 1o T Gon Qe G P o G G €, G PR, C B &, and
R

Compute previous values of 8, from the proviows A, G, t, n, N, obtained through response to
quECStIONNAITe.

Forccast for the expected 8, using naive model, exponential smoothing, moving average and regression
miodel.

Caleulate errors, ¢ for cach model m (3)

Caleulate MSEs" for each model n (3)

Compare MSEs"with naive model MSL,, and choose MSE such that MSE*<<<M5L...

With the model having MSE®, forecast for the next 8, expected, 8, .

Calculate service demand rate A, corresponds to the next expected 6, . at present Gy, ne. N, for vanous
existing centres at period, 1.

If there is ncrease or decrease. o in the existing maintenance centre in the following period then 4,= N,
AN, )

Categonse repair works that patromsed the centre according to nunntenance policy

Obtain average time of repair of each category through response to questionnaire

Using Set Theory, obtain the possible mantenance policies i the centre.

Using (-probabiiity distmbution, caloulate the expected time of complete the repar of vanous onder o
reparting jobs

If there s an increase or decrease m the current crew size (P in the following period, t goto 137 then gote
14, elze go directlv o 14

" By = Bt Y (P =_:|1ﬂ.'l £ /P |

Input time of simulation, Ly, ,

Set the mitial conditions: clock =0, a, =0, ng = 0, twt =}, tng = (0. tde = {1, ma = |, mgl=A)
Generate the time of the next deparnture 5,= clock — ( 1/ 1) Log (F (8)). (= F {8 = |
Generate the tme of the next amival, a, = clock - (154 ) Log (FLAD) O<({F(A)<1

IT mext event is an arrval that 15 (s, > a, ) goto 17 else goto 27

Update the total wairting time of all armvals, twt = twt + nq (o~ clock §

Update the clock ta the tune of the next event (arrmval), clock = a,

If next cvent i both an amival and a departure (that 155, = a, ) goto 22 ¢lse goto 23

If the current clock time greater than the simulation tme, poto 33 else return to 16

Increase the number in quese by 1, ng = ng +1

If the current number in the quese (ng) greater than the maximum qeese length (mgl) to date, set mgl = m
and pato 25 clse po directly to 25

Increass the total number of jobs which enter the quese (tng) by 1, tng = tng + |

If the current clock time greater than maxamun simulation time goto 36 othorwise retom o 17
If quene is emipty (g = 0) goto 28 else pote 37

Lipdate the clock o the time of next event (departure), elock = s

Lindate the total idle time of the mantenance crow, it = tadt + (2 - chock)

Update the clock to the time of the next event (armval), clock = a3,

Increase number of arrivals (ma) by 1. tna = tna + |

. Update total wating time of all arrivals, twt = twi + ng (5 - clock)
. Update the clock to the time of the next event {departure), clock = 5

Dreerease the number in gqueoue (ng) by | and gencrate the time of next departure, ng = ng - | and s = ¢loc
—(Muw) Log (Fis)), U< F(s) < |
If the current clock greater than maximum simulation tme goto 36 else retum 18
Caleulate the following statistics
Respond rate for each mamtenance pohov, W*g,

114



37

38,

g,
£y S
4ib,
41.
42,
43,
. Update the total stock time {tst) of all receipt, tst = tst + ns (t, — clock)

45

46.
47

48
49

Al
A1
:7'1
53
54
55
s
57
58
ALy

il
il

2
3

B3

A4
63

iy
i
Bl
Y
Fi]
7l
12

i

74

Average time in queue for each mamtenance policy, Wy, = talitna
Engaged time of maintenance crew, etm = clock ~ tidt
Degree of utilization of maintenance facilities A/}
Optimum crew number, 5, = Integer (Wow / W | +1
Calculate the optimum number of sct off maintenance tools/equipments for cach policy, n, Qw = Se W %
1= a set of tools used for a mamtenance policy n
If there is decrease or increase, (£) in the current tools/ equipments in the following penod then (), = §,
[yt E) else go directly to 39
Input the used rate A, and receipt rate A, for A-class spare pan
If there 15 merease or decrease m service rate then A, = Al 1= (y/P)) else go directly to 40
Set mutial condiions: L=0, ns=0,ms =0, st = 0, tost = 0, tnr = |, mns =
Generate the time of the next use, &, = clock — (1/ Aw) Log F(t,), 0< F(t,) <1
Generate the tme of the next receipt, t, = clock <(1/ &) Log Fit), = F(t) < 1
If next cvent 1s recaipt (t, = t;) goto 42 else goto 52

Lipdate the clock to the time of the next event {receipt), clock =1,
If next event is both a receipt and a use (L, = 1), goto 47 else goto 48
If the current clock time greater than the simulation tiree, goto &0 else. returm o 41
Increase the oumber mstock by |, ns =ns + |,
If the current number m stock (ns) greater than the maximum stock capacily (mns) (o date. sot mns = ne and
goto 31 else go directly to 50
Increase the total of receipts which enter which enter the store tns by |, tns = tns + |
If the current clock time greater than maximum simulation time goto 61 otherwise retum to 42
If store 1s empty (ns = 0) goto 53 else goto 537
Update the clock to the time of next event (use), clock =t
Update the total out of stock time tost = tost + (i, —clock)
Update the time of the next event (receipt), clock = .
Increase number of receipts (ns) by |
Update total stock time of all receipts, tst = tst + ns (t,- clock)
Lpdate the time to the time of the next event {use), clock = t,
Docrease the number in store (ns) by | and generate the time of next vse (L), o5 = ns - | and 1, = clock -
A Ay ) Log Flw), < Fi)<1
1f the current clock greater than maximum simulabion time, goto 61 else return 10 43
Calculate the following quantities
Total stock tme, tst
Total out of stock time
Total number of spare part entered the s1ock, s
Maximum stock capacity, mns
Average number of spare pant used, Y = (ins - mns)/ist
Input ordenng cost per unit, p, unit cost, R and carmying cost, C (in %)
Optimum number of spare part to order at a time S, Nu = Int. {8, [2pY/CR] " 1+1
Optimum number of order, No = Int. [Y/ S, Nul + |
Uptrmum time of order, t, = tst/No
Obtain the optimum cngage tme (ctm®), etm* = clock - tudt, if tidt = wost. then
ctm® =clock — tost, if tidt < tost
Input communication level of individual personnel, P
Obtaun total level of interaction of mdividual, X,
Obtam total level of interaction of the mamtenance erew > 2P,
Obtaun the total interaction N, =P (P - 1}
Obtaun the proportion of interaction of cach personnel, 1, =[P,/ ZXP, | N,
Obtain total weighted interaction of the crew, 1. = Xl
If there 15 decrease or increase in personnel. ¥ goto 73 otherwise retum to 71
b = Ty = (Py) [(PEy) 1)
Obtain the cost of mamtenance crew a = 8, Cootm, C,= Cou (1 vw/P)
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77

78,
5.
&0,
81,
82

B3,
L2 B
B3

B

87,
5.

5G9

4. Obtain the tools/equipment cost{maintenance cost inclusive), b= 5, C,etm
76,

Obtain cost of inventory, ¢ = (pY/S,; N, ) + §. N, CR/2

Obtain cost of utility, d = 8, Cyem, C.= C.+C.+C;

Obtain cost of building, & = S, Cyd,, d, = % depreciation

Input inflation rate, s and interest rate, |

Obtain total cost of maintenance (contract staff)(mt.=(a + b+ c +d + e {11 +iH 1+3))

Obtasn performance index, P. = W*qg,,/tmt,

Calculate the cost of maintenance using traditional method (full-time staff by replacing etm by clock wmt,
(a'+b'+¢"+d" +e') L 1+)1+s5)

If available cost to maintenance in the following vear is x% then tmt, = tmt,.x

Obtain performance index P = Whg/tmt,

Obtain the budget surplus/shortage, B, = tmt,~ tmt,

If P, = P accept the strategic decisions and go directly to 87, otherwise review the strategic decision, go
13"

Obtain the Benefit-Cost Ratio for full-time and contract staff, BCR = X, .,/ fAu .

Select the best alternative and goto

Stop
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APPENDIX II: FLOW=-CHART DEVELOPMENT
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plash = 1 APPENDIX III: CODING OF THE SOFTWARE

Briva~e Sub Form Click{)
Unload Me

frmmdi . Show

End Sub

Frivate Sub Timerli Timeci})
"Lrmmedl  Bhouw

'‘Unload Me

TEnd Sub

fandomize

Dim aalo

colo = Iat|{la * Bnd] + 1)

If colo = 71 Then Exit Sub
lblcam, ForeColor = QBColori{colo)

End Sub

Frivatle Sub Form_ FKeyPress (KeyAscil Az Integer)
DRalaad Ma
frmmdd . Show

ibiday. Left = lbiday,Lefc + 104
Iblday, Befreah

"1 lblday.Left >= Me.Width Then
o lbldey Left = —Me.Width
‘ibloay,Refresh

"End IE

Private Sub Timer2 Timsr(]
T
¥

lpiday,Left = lblday.Left — 510
iblday . Refresh
1f Iklday.laft <= —-Me.Width Then
iblday.Left = Me.Width
lbiday. Refresh

T E

End LE

Eng Sab
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Sl = 1

Private Sub MDIForm Load()
potback. Height = 9000
1 ‘oocbacok. Width = fromdl Width
potbeck. Backalor = Me, BackCalor
loititle,.Top = (Me.Height - lbltitle.Helght} / 2
Iplriele.left = [Serean,Wldih - iplelele Widehy J 2

End Sub

Private Sub MDIFPorm_MouseMoveiButton As Integer, Shift As Integer, X A Single, Y As
lingl=]

For ipntctr = Forms,Count - 1 To 0

frmmdi.potback.Visible = Trus

Hext intotr

End- 2uh

Private Sub mnudatacity Click()
frmtown. Show
Ena. Sub

Frivate SBub moudatscomm Click()
frmeomm . Show
End Suk

Frivace Sub mnudataconstant Clicki]
frmalphas.Show
End Sub

Frivate Sub mnudatacost Clicki]
Irmoplanning. Show

End: Bub
]
Frivate Sub mnodatacredw Cllak{)
Irmpgrtrtw.ﬁhaﬂ
End ‘Hul

Frivate Sub mnudatadata Clickd}
frmnds , Show
End Sub

Frivate Sub mpudatadigcounted Click()
Irmdiscount. Zhow
End S¥b

Private Sub mnudatapart_Click()
frmpart.Show
Eng Sub

Privace Sub maudatapelicy: Click()
frmmaintdat.Show
Znd Sob

Frivatse Sob mnudataprag Clicki)
frmpersreg, Show
End: Eub

rivate Sub mrudatashops _Clicki]
rEshop. Show
rd Sub

111 4 #i

rrivate Subk mnudataspear Qlicki|
fropartes: Show
End Sub

Private Sub mnudatatoolas CLick{})
frmtegldarcs.Show
End Sub
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frmmdy ~ 2

Erd Sub

Private Bub mouoperationmd Clicki)
frmthres, Show

End Sub

Private Sub mnuoperationle Click()
frmlreg.S5how
End Sok

Frivate Sub mnuoperationmaint Click()
irmmaintenance, Show

End Sab

Frivate Sub mnuoperaticnnfm Clicki|}
Irmmzatab, Show
End Zab

Frivate Sub moupperaticnpers Click()
frmpersdata. Show
End Sub

Private Bub mouoperationses CLick()
trmsesl. Show
End Bub

Frivate Sub mnuoperationtown Click(}
frmtownzel Show
End Sub

Frivate Sub mnureportoost Click()
‘Efrmoplanning . Show

gng Sub

Frivate Sup mbureportpers Click()
irmoomehart . Show

End Suly

Frivate Sub mnuwizardmaster Clickl)
frowiz.Ehow

End Sub

Private Sub mnuwizardspear Cllcky)
Lrmspartsrep. Show
End Sub

Private Sub mnuwizardiools Click{)
Izmtoois:Show
End 8ub

Frivate Sub potback GotPocus()
faor intetr = 1 To Forms.Count - 1
frmmdi:potback VMigiblie = True
Wert iptets

Erd Sub

Frivate Sub peotback LostFoous (]

Call foreach arcay
End- Sub
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Sub main(]

Dim frmmyforma Aa Form

for Each fremyforms In Forms
fromdi . pothack, Wigible = True
Hagt frmmyforms

End Suk !

Sub foreach arrcay ()

'Dim frmmyforms As Form

'for Bach frommyforms In Forms
'frmmdi, potback.Visible = False
'"Hext fromyforms

For intetr = 1 Ta Forms.Count = 1
frmmdi .potback.viaible = Falase
Next intetr

End Sub

Public Sub sddel}

"Datal,Detabaselang = App.Fath & "/fcastlngl.mdk"
Oim mdats Aha String

mdata = App.Path & “eastlngl.mdb"
Cacal.,Databagselams = mdata

End Sub
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Brivate Sub cmbtype Clicki)
frmmdi .Caption, = "MAINTENANCE STRATEGIC DECISIONS OPTIMIZATION"™ + ™ (™ & cmbtype
A End BZub
Frivate Sub Form_Load])
! Me.Helight = 3150

Me.Width = B945
End Sub
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Frivete Sub embadd Clicki)
Sat mydb = OpenbDatabise (App.Path & "/foastingl”)
Set myrs = mydn.DpenRecordset ("gelect name from town"™)

‘ £ ombtown.Text = "" Then
MegBox "Please Enter the City's Hame", vbInformation
cmotown . SetFoous

i Exit Sulb
End IF

With myra
FindFirst "name='" § Trimi{cmboown) & "'"
If  HeMatch Then
RN ew
Else
result = MsgBox ["This City 15 in existence,Overwritae?™, vhiusstlon]

MsgBox "Registration Fails ...,", ¥bhExclamation
Exit Sub
End Tf

myrs!Hame = Trimicmbtown.Text)
Hpdate

End With

Eng Bub

Frivate Sub cmdexit Click()
Unload Me
End Sub

Frivate - Sub Form Load()
Me_Helght = 25240
Me.Width = 4800

Set mydh = OpenbDatabase (App.Path & "/castingl”]
S8t myrs = mydb.OpenRecordset ["salact * from town™)

¥ith myrs

If Net JEOF Then .MoveLast

If Not .BOF Then .MoveFirst

For T =0 T¢ . RecordCount = 1
cHbTown . AddTtam | Hame)

cmbtown. Itemlata (cobtown s Hewlndex} = !no
Jovablext

Haxt I

End With

Emnd Sub
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Frivate Sub omdclese Cliak()
Unload Me

End Sub

Private Sub cmdnaive_Clicki|
"frmmsetab; lbltown . Caption = cmbbown. Text
frmmsetab . Show

Enid Suk

Private Suly cmdok Click{)
Mz _Hide
End Sub

Private Sob cndreq Click()
'frmlreq.lbltown.Caption = cmbtown.Text
frmlreg, Show

End 'Sab

Private Sub cmdsimple Click{}
*frmsesl.lbleown.Caption = cmbtown . Text
frmzesl.5how

End Sub

Frivate Bub omdthree CTlickl|)
‘Irmthree. txttown. Text = cmbtown.Text
frathree.Show

End Sub

\ PFrivate Sub cmdwizg CLick(]
'Trmwiz. lhltown . Caption = cmbtown.Text
frmwiz.Show
Eng S0k

Private Eub.Furm_Lnadll
Me, Height = H235
M, Width = 5550

Bet mydb = OpenDatabase (App.Path & "/oastingl")
Ser myrs = mydb.OpenRecordset{Yselect * from town™)

With myr=s

If HNet .(EOF Then .Mowvelast

If Not .BOF Then -MoveFirst

cmotown.Taxt = |Nama

For I =0 To RecordCount — 1
cmotown.fddItem {i1Mame]

cmbtown. ltembata icmbtown , Hewindex) = ‘no
Movedeut

Hext I

Erd With

ind Suab
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Private Sub cmbtools Clickl)

Sat mydkh = OpenbDatabase |{App.Path & "/foastingl™]

Set myra = mydb.ODpenRecordset("select * from " & cmbrype.Text & " where town='" & omb

T ok M'ana pame='" & cmbtosld & 'Y
With mycs
lblno,Caption = myra!no

txtoost, Taxt = myrsloocst
End With

End Suk

Frivate Sub cmboype Cliek()
Ser mydbh = OpenDatabsse (App.Pach & "/feaatingl'™)
Set myrs = mydb.oOpenRedordsel {"select * from " & orbbype.Text & " whore Eown=!" & &mb
:-.'"Tl -L "nam !
cmbtools.Clear
CxbooaE.Texp = 77
With myrs
If Hot .EOF Then .Movelast
If Wot .BOF Then .MoveFirstc
Eor I = 0 To RegcopdCount = 1
cebbools. Addltem §|Mame)
cebtoola . Itembatai{cmbtoclia  HeWIndex) = [ng
HMovaliexs
Kext 1
End With

End Sdb

Frivate 5Sub cmdadd Click{]

et mydbh = OpenDatabase[App.Path. & =fcastingi™)
If cmboype Text = "' Than

M2gBox "Eelect the Maintenance type®, vblritical
cebbype St Focus

Exit Sab

End If

et myrcs = mydbh/OpenRecordset |"select nepe, town, cost from " & eobype,.Text & " whoes
=t E gmbtown & BT

If cebronlis.Tese = "7 Thapy

MagBax "Pleaze Enter the Tool's Hame™: vhlnformatisn
chbkoole. SetFocus '

Exit ‘Sub

Eng IE

With myrs
FindFirac "name='" § Trim{cmbtogls} & ™"
If .HeHacoch Then
LhAddNew
Elss
regule = MegBax("This Tdal is- in existence,Swerwrite?", vbuestion)

MsgBox “"Registration Fails ... .", wbhbExclamaktien
EXAT Sub
Efs IE

myrE!Hame = Trim{ombtools.Text)
myeEs | town = cambtown. Text
mycs|codt = bxtcast, Text
JJpdate

Epd With
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Private Bub emdexit Clickfi)
UnIogd Me

q} £nd Suh

Private S0b cmifupdate Ciiek() _
Zet mydb = OpenDatabase {App. Path & ®/castingl®)
' If¥ enbeype.Tewt = "7 Than
MagBox "Belect the Maintenance type", vbCritical
cmbtype: SetFocus
Exit Sub
End If

If cmbtoals.Text = "" Ther

Hsgboxn "Please Enter the Toal's Hama™, whlnformaticn
cmbtools. Setfoous

Exit Sub

End If

St myru = mydb.OpenBecordaec{*select * from " & cobocype.Text & " wherse town="" & omb
Mowt & ')

[1 embtoals.Tsxt = "" Then
Mzgiox "Plsase Enter the Tool's Mame", vbInformation
cabtodld  SetFosus

Exit Sub
End If
With myru
«BdiE
myru!Name = Teim(embtools; Text)
myru!lcost = btxtcost.Text
-Updata
I_ Erd Wigh
End Sub

Frivate Sub Form_ Load(]
M= feight = 3240
fla Width = H180

Sat mydb = Upenlstabase [App.Fath & "/castingl®)
Sar myrs = mydh, Openflecordasst {"aslact * from town')

Wich myegs
If Mot EGQF Then .Movelast
Ii Mot ,BOF Then .MoveFlrst
=mAEawn , Taxk = | Hame
Far I = 0 Ta .RecordCount — 1
cmnCown  AddItem (! Mamel
cmbbawn, JtemData (cmbtown - Hewlndek! = |no
JTHaveMaxt
Haxge L
Ermnd With

Ena S5ub
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Private Sub cmbadd Clizck()
Ser mydh = DpenDatabase (App.Path & "Jcastingl™)
Sat Byvrs = mydb.OpenBecordset ("salect * from post®)

‘ If cmbpers.Taxt = """ Then
MagHox "Please Enter the Personnal", wbInformation
ombpers . SetFoous
Exit Sub
End If

With myrs
* LFipdFirst "poeition='" & Trim|cmbperas) & """
! 1f HoMatch Then
 Bddbew
Eldge
result = MsgBox ("This Personnel is in existence;Owverwcite?", vbOuestian

M=gBox “"Reglatyxation Feils ,...%, vhExclamarion
’ Exit Sub
' End If

myrcE ! Position = Trim{cmbpers.Texc]
myrs!town = Trimf{ombtown. Text)
Update

End With
cmbpecs. Text = ="

Ene Sulh

Private Sub cmbtown_Change()

cobpers. Clesar

Set mydp = GpenDatabase (RApp.Path & "/castingl®™)

Set myrs = myde. CpenRecordset ("seleck * from post where town='" & cmbtown & "'")

With myrs
If Hat .EOF Then .MoveLast
If Mot .BOQF Then .MoveFirst
Fag I = 0 To .RecocdCount - 1
cmnpers.-hadltem {1Position)
cmibpars. Itemblata |cmbpers , Hewlnda®) = !no
Movallext )
Hext 1
Epd With

Eng Sub

Frivate Sub cmbtown Clicki(]

cmoppers . Clear

Set mydbh = OpenbDatabags [Aop.Path & "/oascingl™)

Sat myra = mydb,OpanRecordset |"salact * from post where towo='" & cmbtown & "'")

With myEes
If Mot .EOF Then .Movelast
I Moo .BOF Then MoveFirst
For'l = 0 To .Recordount = 1
cmopers. Addicem | 1Position)
cmopers. Icembata {onpopers i Newindex] = mo
Movebext
Hext I
End With

End. Sub

Private Sub cmdewit Clicki)
Ualoge Me

End Sub

Brivate Sub Form Load(|

M Haight = 3600 133
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fmoersregy — £
Me.Top = 204

Zat mydbh = Opanbastabsss(Bpp.Fach & "/oagtingl")
et myrx = mydb.OpenRecordset [Yzelect = from bown)

With myrx

If Hot .EOF Then .MovelLast

If WMot .BOF Then .MoveFirst

For 1 = 0 To ,RecordCount = 1
cubrtown ., AddItem [1Hase)

cmbtown., ITtemData [ enmbeown; NewIndex] = oo
HMoveMext

Mext T

End Hith

Ead Sub
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Private Sub emdelase Elliek(}
Unload Me )

!| End Sub

Private Sub Form Loadi]
Ha.Height = TTED
\ Me.Wldch = 8210
i He.Top = 100
Me Leff = 100
Spt mydb = Opeplatabasei{fpp.Path & "fcastingl")
Set myrs = mydbh.OpenRecordset ["select sum|ilevel) as lewvell from intoraction where to
'k frmtownael.ombtown,Text & "1}
TEet myro = mydb; Openbecordset [("sélest count (positicnllas praysumiilevel| as levell [
interaction group by positionl™)
Ser myrt = mydb,OpenRecordset ("select * from Srate where town='" @ frmtownsel cmbtown
BxE & ni ":I

With myrt
n o= talpna
P ™ !pe
k= ifw o+ on) *ofipd s <1}
1bley, Caption = k
'L = lblorew,Caption
'lbltotal .Caption = (k * L)

End With
With myra
Iblint . Taption = myrslléevrell
Engd With
ays = Tgelect positionl sum{ilevel) as lewall, ([lew=ll="" & ibinp & *')0 'Y & lblinc &
jzz lewelld from interecstion 'where town='" & frmtownsel.cmbtown,Text & "' group by positiond

Adodcl RacordSource = ayo

Adodel . Rafresh

End “Sub

i 137



édru:umnhart - I

I
Private Sub cmdclose Clisk(}
brload Ma

‘ End  Sun

Private Sun Porm Losdi]

Me_ Height = 7750
¥ HMe.Wideh = 9210

Me.Top = 100

Me.Laft = 140

Sat mydgh = OpenDatabase [App.Path & "/castingil™)
! et myra = mydb.OpenBecordset ("select sumiilewvel) as Ievell from interacticn where to
jar=t® L Fomtownsel.cmbtbown. Text & """
! 'Set myrc = mydb.OpenEecordeet ("select count(posirionl)eas pne,sumi{ilevel] sz levell £
trn inceraction group by positionl®) _

Set myrt = mydb.Gpenfecordset ("select * from arate where town="" & [rmbownssl.embltown
RIpEE & LY

With myrt
n = lalpha
E = |pa

o= {ig * Al ®* [ip +on) = 1)}
ibln,Capkian = k
' L= lblerew.Caption
'lbltotal ;Capbion = (k' * L

End Wich
Mith myrs
iplinc.Caption = myraflavell
Ena Wieh
ayp = “select poEitionl,sumilevel) as lewell, ((lewvell*'" & Ibin & ="}/ """ & Iblint &
122 lewald from interactioh wheére town='" & Fratownsel cmbtown.Text & " graup by positionl

Adodzl . Racordijource = ayo

Atodel .Rafresh

End  Huk
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| Private Sub cmbtown Click(]
cedref Click
Set mydp = Openflatabase (App-Path & "/castingl™)
Zer myrs = mydd, Openfecordset|{"select * from alph®|
‘ With myzra
LindFirst "town ='" & cmbtown.Text & """
If .doMatch = True Then
cmdref _Click
cmdzave Wisible = Trus
emdupd: ¥isible = Falze
Else
omdupd. Yisible = Truoe
ocmdsave.Visible = False
twtalphal , Text = myrstalphal
txtalphe? Text = myrslalphal
Extalphad.Text = myralalphal
End 'If
End With
End Sub

Private Sub cmdsless Clicki)
Unload Me
End Sub

Frivate Sub cmdraf Click()
tatalpnal  Text = "M
Extalpha? Taxt = "M
txtalphad.Text = ™"

End Sub

Private Sub chmodsavwe CLifk(|)
Sat mydh = Oponlatabasa [App. Path & "fcastingl”)
Set myrs = mydb.UpenBecordset |{"alph®,. 2]
IT IsHumerio(twtalphal.Text) = Falae Then
MagBox "FPlesss Eftar Humsric value Only", vBInfermatlion
1 txtalphal . SetFocus
Exit Sub
End If
If IeMumeric{txtalphal.Text] = False Then
Magioe "Plesgse Enter Mumerie value Only", ybInformatlion
txtalphaZ.SetFocus

EXiT Sub
End If

1f Ieblomericf{txtalphal,Text} = False Then

MzgBox "Pleafe Enter Humeric walue Only®, vbInformation
Txtalphsd. Setfoous

ExtrE Sub

Engd TT

With myrs
CAddiew
myralaliphal txtalphal  Taxt

myrslalphaz tutalpha, Text

myrs !alphal txtalphed. Text
myrs ! town = ambtown, Text

oo

JJOpdate
End Witn
Eng Sub

Frivate Sob cmoupd Click(]

Zet mydbh = Cpenlatabase [App.Path & “Scastingl"]
If cmbtown.Tast = "M Then

MegSox “Eelect the City", vbCritical
ombtown . SetFocua

Exit, Sub

End If

fat myrs = mydh, Dpenfecordset (Yaeleot * from 3lph wharse town='* & aombiown, Taxt & "*"

135



fresiphasg = 2
Wich myrs
+Edit

myrsfalphal = txtalphal.Text
myrsialpha? = txtalphal.Text
myrstalphal = txtalphsd.Text

Update
Enc -With
Erd Sub

Private Sub Form Load()
M=.Height = 3020
He . Width = 5000

Zet mydb = OpenbDatabase {App.Path & "/castingl®™)
'Set myrs = mydb.COpenRecordset ["select * from alph")
et myrp = mydb.0penRecocrdset|"sglect * from town")

With myrp

If Wot ,EOF Then .Movelast

If ¥ot .BOF Then .MoverFirst

*ombtown. Text = !HNams

Faor I = 0 To .RecordCount = 1

cmptewe, AddTtem [ | Nams)

cobtown, JtemDats (cobtown . Bewindex) = na
MoveNaxt

Maxt I

End With

End Sub
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Private Sub ombro CLick|)

et mydh = CpenDatabass|Bpp.Path B "Sfoastingl®™)

et myrs = mydb,Opesnfecordeet{"salect + from datax whare =" & cmbno.Ta=xt & " and tak
B-'= i cmbtewn & ="} '

With myrs

tHefall Text = myralfrata
txtagquip.Text = myrs!leguip
tutage.Text = myrs!lage
txtcentees. Texkt = myralcentre
tatyear.Text = myrslrysar
lblx . Caption = myrsist

End With

End Sub

Private Sub embtown Click()
et mydbhb = CpenbDatabase (Bpp.Path & "/castingl")
Zer myrs = mydb.OpenBecardset ("selecst distinct ¢ from datax where town='" b cmbfoun &

With myrs
1i Mot .EDF Then .MoveLast
If Mab _BEDOF Then MaveFirst
cmbano . Clear
For [ = 0 To .fegordCount - 1
cEnno.AccEltem (LR
‘ombne. ltemlata (ombno . Hewlndex] = in
Mavale st
Waxt I
5 End With
amaref Click

End Sob

Private Sub cmdclose Tlick()
Unleoad e

Frdl Aot

Private Sub cmddelete Click(}
Sat mydb = OpenDatabase [App.Path & "/cascingl™)
mydb Execiite "DELETE * FROM "
£ "datax WHERE t =" & embpo & % and town="" L cmbltown & "0

myddy Dlong
cmdiiref Cliak
End Sub

Frivate Sub omdref Click()

cmbnao. Taxe = """
txtfzlil Text - Wi
Extequip,. Text = "
txtage.Texnt = "
Lutpenkyas Tk = 'Y
tatyear.Tent = "
bl Caption = """

‘Gt mydk: = dpenbatabase(fpp.Path & "/castingl®)
1Zet myrs = mydb OpenRecordset |"selack B,n From datax™)
i

! With myra 140
v If ¥ot JEDF Then .MoveLast



e

frmrmim - 2
* If ¥Mor .HOF Then .MoveFirst

tor I =0 Te , RecordCoamt = 1

X tombne. RddTeem {(1E)

k 'cmibno:itemDats (cmbno:Hewlndex] = In
! HMowvelext
"Haxt 1

5 tEnd Witch

Erd Sub

Private Sub cmdsave Click()
gSat mydh = Gpenlatabase (App.Fath & "/foastingi®)
Sdt myrs = mydh,OpenRecordsat {"select * from dataX where town='" & cmbtown & "%
If IgNumeria(txtage.Textl = False Than
Msghox "Pleass Encer Wumeric waluse Only", vbhlnformaticon
Cubage, SetFocus
Edit Bub
End Lf
If IsWumerlc(txtfail . Text) = False Then
MegBou "Please Enter Mumeric valde Cnly", vbBInformatlon
trtfsil, SetFocua
Exlt "Sub
Erd LE
If IfsHumsricitxtyear.Text; = False Then
HagBox "Pleise Enter Humeric value Only", vbInformation
tHTyear.betfooos
Exic: Sub
End If

With myrs:
JEinaFicss "e="" & Trimijombpo| & ""
I'f ‘HoMatoch Then
 Bodbew
ﬂ‘ Else
MagBox "This ZSerial Humber ia in existence”, vbInformation
cmbng, Taxz = ™"

Exit . Suab .
Eng If

myrslf = pmbno. Téxt

myes| town = cmbtown, Texc
myrs! frate = txcfail.Text
myrslequip = txtegoip. Taxt
myrsiage = txtage.Tedt
myrelcentre = Extoentres.Text
siyre!lrysar = tabyear.Tast
eyrsixt = lblx. Captlon
Updets

End With
cmdref Click
End Zub

Frivata Sop cmdupd Click|]
Zat mydb = OpenDatabase [App.Path & "/foastingl")
Eat myre = mydb.OpenRecordset (Yselact + from datax where =" & cmbno.Text & Y and cow
n="" & -ombtown: & “'%|
If IsWumeric|kwtage, Text] = False Then
HagBoy "Plesse Enter Mumeric value Only"™, vhlnformation
txtage.S5ecbfocus
Exit Sub
End 1T
I¥ lsWumerictxcfaill.Text]l = Falee Then
Mzgbox "Pleasgs Enter Mumerlce wvalue Only", vbInfeormation
* cxtfell . SerFocus
ExlE 3ub
Bfd TE
If ITsblumericitxtyesr.Texc}) = False Then
Mzghox "Plesase Enter Humerio values Omly", vbInfarmation
ExtyEar St Foros iql



ga o= 3

Exit Sub
End If °

With myrs
<Edit

myrs!frate = txtfail,Text
myralegolp = txteguip. Text
myrdlage = bxtage.Text
myrsicentre = Extcenbres. Text
myrs!tyvear = txtyear.Text
myrsixt = lblx . Caption
Updats

End With
End Sub

Frivate Sub Form Loadi)
Ha.Helght = G000
HMe Width = 12000

Me.Top = Soreen.Height ./ 9
i aut mydk = Openlatabasa{Bpp.Fath & "/castingl"™)
Ser myrt = mydb.OpenRecordeet{Ysaleact * from Town®)

With myct
If Hot .EOF Then .MovelLast
If Mot (BOF Then .MoveFlcst
for I =9 To BecordCount — 1
cobtown, AddTtem (1Hame)
cmbbown. Icemfata (cmbtown  Bewindex] = !Ino
SMevENexk
Mexkt T
5 End With

End Eub

Priwete Sub txtage Change(}

O Ercér BoTo Erf:

B YVal (txtfail . Text]
Yalitxuteguip, Texk|
VYelitutage, Text)

Val {txtoentres. Toxt]

ia = dl & (Bb* g

s.Captlon = Formak (e, "fixed™)

[T |

o
-
d
&
d

(]

s

End Sub

Frivate Suvb txtcentres Change(]
n Error GoTo err:

= Walibxrfall . Tawxe|

= Valibxtegeip, Texs)

= Val {txtage, Text)

= Val{pxteentres . Texe]

= ja * di ¢ (b * ol
Ibls:Capkian = Format (e, "Eixed™)

F

@

End Sub

Frivate Sub txteguip Changail
Cn Error GoTo BXTi
Vallextfail Text]
Val (txtegoip. Text]
Val itxtage.Taxt]
Valltxtcentrea.Tadt)
E- T - R A 5 - A
¥.Ception = Formak (e, "Eixed™)

B
- ]
=
o
E
1

oL b oA

b

End Sub 4z



from=se — &

Friwvate Bub txtiall Changal)
Gn Error GoTo errt
r = Yal |[exeFfail.Text])
= Val [axtequip. Tekt]
Yal [txtage . Text)
= Yal [txteentrea, Teut)
= (e o) S0 * e
lblx Caption = Formati{e, "Eixed"™]

m N oM
i

BT
Ernd Sub
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Dim mydh As: Database
bim myrs A= Recordset

Frivate Sub cmdexe Cillcki{)
* Dim 2alb As IARCEgeT

DEGridl.Col
OBSridl . Plow
DESrid) Tex
08Gridl .Cel = 3
DBRCcidl.Bow = [
DEGridl. Taxt = k¢

Ser mydh = CpenbDatsbassifpp.Peth & "/ecastingl™)
Set myra = myvdb. CpanRecordset ("selsct sumdixt-nit)*2las rep fros datax where towp='"
i frmtownsel.ombtown & ")

mytke = mydb.OpenRecordset ("select count|datax.n)as period from daktax where tomm='" &
frmrownealcombiown LMY

&L Myrt = m CpspRecardset |“select * Lroam scabe”
¥

Z=t myrc = mydb.OpenRecordset ["select sumicentrelas cent from datax where town='" & f
rmiotmsal . ombtown & MY

WHith myra

lzltotal.Caption = myralrep - colé

End With

With myrb

Inlno,Caption = fpericd

End With

mse’ = lbltotal .Gaptien S/ lblne,Capblion

lplmes , Caprign = Format (mee, “0.000000™)
’ smidews. Enabled = False
d = Inlwt

g = Vzlilblegulp,Oaptich)
g = Valilblage; Caption)
£ = Vsl |lblecentra, Caption}
h=od * jga =gl [ E
with myre
1 = myrotcant

Hith myzrt

k= myrklpe

== (1 % -R) o0 (Ll E K]

lplnex: = Formatim, "figed?)
End Hith
£nd Hith

nd Zub

Sub showiinlds (!

lplel,Caption = myEstt
Iblxc.Caption = myraizt
iblegquip-Caption = myrs!eguip
iblage , Caption = myralage
lploentre.Caprion = myraldentre

Ind JZubp

Private Sub omdnext Oiick{]
In Error GoTo 2ol
lhlfr.Caption = lbhlxt

MyTs.HMovadsst
Call showiiselds
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frmmasral = 2

End Sub

Private Sub cmdpalicy Cliek()
frmmaintanange. txtlt, Text = lblnext.Caption
irmmaintenanoe. lblcapticn.Caption = "Halve Model"®
Unlcad Ma

frmmaintenance . Show

End Zub

Private Sub cedsawe Click()

Bim moata As String

mdata = App.Path & “/castingl .mdb™

Datal.Databasetame = mdata

bdodcl . FecordSource = ®salact t.nft from datax where town='" § frmtownsel.cmbtewn & "

ot mydt = OQpenlatabase [App.Path & “Socastingl®]
8T myrh = mydt.OpenRecocrdset ("select t,.mft from datal whers t=" & lbltl o " anpd town

='" & frmtownsel.cmbtown & "M

with myrk
JEdit
myeb!inaft = lblft.Captlon
Jndate
End With
Datal.Becordfouros = "sslecot ryear;t.=t,nft, (xt—nftlas et, |st"2las sgorror from detak

Whete town='" 4§ frmtowngal . cmbtown & =4

an

'-|L Wi

i‘spe:r_‘.

fidadel  RecordSource = "eelect b,nft fros datax where town="" & frmiownszel cmbtown &

Datsil.Beiresh
OEELAdl . BaBing
OaCridi  Refresh
Adode]l RBafresh
Mathercl.Refresh

myrbh.Clogsa
el Cinse
End Sub

Private Sub Form Load()

Oim maEks As Et:iﬂq

mdata = App.Path & "fcastingl.mdb"
fatal DstabassName = mdata

Ba Width - 12000
Ye,.Hoight = 85040
He,Left = 70
Ma,Top = 10

aC mydb: = COpenDatsbase (App.Fath & "JSoascingl')
£ omycs = mydb JpenRecordset ("select * From datax whers town='" & [embowneel cmbbown

myrs.HopeFirat
Call showflields=s

Gatal,BecerdSource = "seleot b, Ht.nfk.dxt-nftlas et,abe{xt-nit)as absat;abs (et /xt|as
lat*Zfad dgerror Lram datas whers town='" & Ermtownsel . embtows & "M

Timecl,Intarval = 100

Ersd Snky 15



frmm=stab. - 3

Frivate Sub Timerl Timer{) i
Timerl.Interval = 0

-
o
—=

Set mydb = CpenDatabase (App.Path & "/caatlngl®)

58t myrn = mydb.Openfecordaet ("select counti{njas =an from datax whers bown="" & fretow
Stael . cmbEawr & MY

Witk myrn

For I = 1 To myznlsn = 1

cmdnext_Click

Hent I

Ermd With

codexe Click

End 'Sub
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frmoplanning = 1

Private Sub cmhbawWwn Click()
Zot mydo = OpenDatabase (hpp-Path & "/castingl')

\* Set myrs = mydb.Openfecordset{"select * From cost"™)
Hlﬁh MYLs
yFipdFirat “rown ='" & ombrown, Text & #'¢
i If .NoMateh = Trus Then
smdraf Click

amdadd.Visible = True
codgave,Wisibles = False
Elasg

cadaave , Visibhle = Trus
cmidadd . Yisible = False

txtelect. . Text = lelcost
tatwatar. Text = |witcost
CHEcraw, Text = |cscepac
turboily Text = Ihdoash
End If

End With

End Sub

Brivate Zub emdadd Click()
Bet mydh = Openbatabase |App.FPath & "/Sastingl")
Sat myrs = mydh, Openfecordset (Yaalast * from cost")

With myes

CAaddNew

f1own = cmbtown.Text
leilcost = Extelect.Taxt
iWtoost = Extwater.Text

lcEcosE = fatcrew.Toaxt
ﬂ 1bdeose = Exthuild. Text
-Update
. End With
End Sub

Private Sdb emdciose CLlicki)
Unload Ma

Erid Sub

Private Sub omdraf Click)|
txtelent,  Texy = =7
txtwatar.Text = "
txRtored, Test = ==
txtbuild, Text = ="

End Sub

Frivace Sub cmdsave Click(]
Set mydh = OpenDatabase [App.Path & "/oastingl®]
Zet myrs = mydb, OpenBecordaet ("select * from coBt wWhere town='" & cmbtown & "'V

With myrs
Edit

Ll felocet = txtelect.Tekt
IWoooEt = Lxtwater,Text
lcaocoBr = EXMECEawWw, TExt
ipdoost = Extbulld. Texk
Jpgate
End-With

End Sub

Frivats-Bub Form Loadl()
* Me.Hélght = 4000

HECRidEh = TDTO

Me.Tep = 200

M. Lefc = 200

Sat mydb = Openlatabase (App.Path & “focastingli®|
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frmoplanning - 2

Ser myrt = mydb.OpenRecosdset ("select * Erom town")

With myrt
If Mgzt LEOF Then Movelast
‘& If Mot .BQE Then .Moverirat

for [ = 0 To' .RegordCount = 1

cmbtown . Additem | |Mame)

3 cmbtown. Itembata (cmbtown. HewIndex) = Ino
MoveWNext

Naxt I

End “Hirth

End Sub
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frmpers - 1

Frivate Sub cmbadd Clicki)
S8t mydb = Dpenbatabase{App.Path & "/castingl®]
Set myrs = mydb.DpenRecordset ("salect * from spsar")

# 11 ombpart . Text = "" Then

MagSox "Please Enter the Spear Part's Hame", <“bInformatlion
gmbpatt . SetFocus

Exitc Sab

End IF

With myra )
* JFipd¥Firat “"parc='" & Trim|ombpart) & *'*
£ 1F .HeMat&sh Then
SAddRew
¥ E 1o

result = M3sgBox("This Part Is in sxistence;Dverwrite?”, vbluesatlan)

X MeqBox "Regiscration Falls ., ..", vBEsclamation

P Exit Sub
' End If

myrs!town = cmbtown., Text
myrsipart = Trim|cebpart.Taxt|
Dpdate

fng Witk

End Sub

Frivate Sub cmbtown. Changa()
¥

cEtrsarE  Olear

Set mydb = OpenDatabase{App.Path & "/castingl")
fat myrs = mydb.OpenBecoordset (Yaelect * from spear whers towns!'" § ombrown & "*%)

ALth myrs

If Hot (EOE Then Movelast

If Mot .BOF Then ,MoveFirsi

For I =0 To . Hecordtiunk =1
cmbopatt . &ddltem |!parct)

cmppart, TtemDats {cmbpart  Hewlndex] = lno
(MaveNeit

Hext [
End 'With

End Sdb

Frivate Sub ombrown Click()
mmbpart.Clear

g2t mydb = OpenDatabase(App.Path & “/castingl")
Zot myrs = mydb,OpenBecordset|(®sslect * from spear where town='%® § omitown & "'")

With myrs

If Mot .EOQF Then .Howelast

If tliot .BOF Then .MoweFlrst

Far T = 0 Ta ,BecordCaunt = 1
cmopart,Additem (lpart]
cobpsrtcItembats (onbparck . Newindex)] = lno
Mowailent

Haxt T

End With

End Sub

Erivate Sub cmddelsbs Click[]
ek mydbh = Jpenlatabase (App.Bath & "foastirgl®|
=ydb . Execute "ODELETE = FROM ™

& “spear WHERE part ='" ¢ cmbpart & "' and town='" % ombtown & "';*
149



mydp, Close:
End Sub

Private Sub cmdexit Tlick|)
Unicad Me
Ernd Sub

Private Sub Form Loadi)

He.Height = 2500

Mo, Width = 6435

et mydb = DpenbDatabase (App.Fath & "Yoastingl')
S=2r myrx = mydb.OpenBecordset {"select = from town®|

With myrx

If WMot (EQF Then .Mowvelast

If Wot ,BOF Then .MoveFirst

For I = .0 Ta . RecordCount - 1

cmbrown  RddTItam [ Hame)

combtown . Itamlata | cebtown. Newlndex) = ino
HMovehlest

Haxt I

End - With

End ZSub
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Zrmthres = 1

Dim mydk A= Database
Oim myrs Az Reoordset

% Frivate Sub. amdmse Clicki}
Zet mydt = Openlatabase (Bpp.Path & *foestinglh)
'y Sek myrm, = mydb, OpenBecordset | "select countip)as sn,suml (Xt-tma}*2}as sslet from data
» whnere tme <> 0 -and bown="'" & [rmtownsel.cmbiown & "'"}

Sst pyrn = mydl Cpenfecordser ("sslecr countin)ias an from datax where cown='" & frmiaw
nael =mbtewn & """

With myrm
lmae = myrm!sslet

End With
With myrn
lmn = myenisn
End With
lmse = lmse / 1mn
Iblmas, Captian = Format |lmse, “0_000000")

End Bud

Huby zatasl}

Set mydh = Openlatabase (App.Path § “/oastingl")

Sat myrt = mydb.Gpenfecordsati"select * from srate”)

Zar myro = mydb.Opanfecordast|"selact sumicentrelas cent from datax whemre town='" & €
rutounael . cmbtawn & U0

on Errer GoTo 86l

dbpld = lpif caption

l1bld = lpll . Caption

Ikl Caprion = 1Blze . Captlon
.&. myrs.-Mavelext

Call showfislds

"

ol
If lbl3 <= "* Them
val{lkl3, Captlon)
Yal{lelZ. Ceptian)
Yal{lbl!l.Capcion]
(e & b e g} 03
Valllbleguip.Caption]
Valilblage.Captian]
valilblocentre.Capcion)
d b fer gy £
homyrs
i = myroloent
Wikh mych
k= myctipe
m= {1 * n}y J L+ k

= w4 O O
if

m 0 BB 0E

lplftl = Formatim, “fixed®™|
Engd With

End Wich

End If

End Sub

Erivate Sub cmdnext Clickl)
Cn Error GaTe seol
bl = 1l :Caprion

1 Ipld = lbll.Capticn
Ibll Caption = 1blst.Captlon
=yrE, Moyelext

Cell ahowfields 15])



frmthrea = I

I ibl3 <> 7" Then -
a = Yal|lbli.Caprion}

b = Val [lbl2.Captiom)

c = Valilbll.Caption)

g = f& 4+ b# &) 3

Inlszl = Formacid, "fiwed®)
End 1If

If 1bl3 €> "7 Thap

c=dgave Click
£nd Tf

Erpd - Eun

Frivate -Sub cmdpoliey CLhicki)
frmmsintenanocs,txtlt.Text = 1nlfcl.Captlon
frmmaintenance, lblcaption = "Three Moving Average”
frmmaintenance.Shew

Unload Me

end Sub

Private Sub cmdsave Click(l
Dlm mdata As String

sdatsy = hpe Peth & "Soastingl.mdb®
Cat4l . Databasalame = mdata

Set mydt = OpénDatabas=[App. Path & "Sfcastingi")
81 myrk = mydk.Openfecordset{"select € ima from datax whore t=" & Llblt] & ™ and bouwn

=** § frmiownzel . cEbrown & U7

nENL

With myrb

JEdLt

myrblema = Yalylbleel, Daption)
Updace

End-With

aya = "select ryear,t.st,tma, {Rt-tmalas slet from dacax where toen='" & fretownsal.om

Eatal.Recordiouroe = ayo
Edadc! . Regorafource = “Saieot t,tma from detax where town='" § [frmbownssl, csbiown b %

Sacal.Refresh
2BGridl .Aebing
gpGridl  Rafraesh
hdodel . fsiresh
M3Charcl Aefresah

myTh.Close
mydt .Cloes

End &gk

Frivate Sub Form Load()

Dim mdats B Stripg

mi=ta = App.Path & "/feastingl.sdb®

Latsl Dytebaseblase = modata

Adcdel RecordSourge = "melect t,tma from datax where fowns'" 4 frmtoemsel,combbown & %

Ma _Wideh = 12000
Me_Maight = 210
Mo Tap = €D

Mo Laft = @0

54t mydph = Opsnbatabass (App.Path & "/eastlngl™)
Sar myrs = mydo.Openiecordear (Yaelepot * from datex: whers town="" & femoownesl.csbiown

myra HMoreFirst
Call 2howfialds
Fer myrn = mydb.0pEnRescardsat | "aelect countinles sa from dabax where tawn='" & Irmibow
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frmthrase — 3

nyel .cmboown § *'")
With myrn
for I =1 To myrnlem = 1
cadnaxt Cliok
Hext [
For & = 1 To 1
Call isiak
Hesxlk X

End With
codmee Click

End Sub

Sub showfleldal)

1Blel. Capeion = myrele
1blxe . Captlon = myrs!xk
1bleguip - Caption = myrs!leguip
Iblage.Caption = myrs!lage
lbleantre.Captian = myrsloentrs

End Jub
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frmspa — 1 L v

2

Dim mydb As Database
Dim mycs As Recordaet )

Frivate Sub cmdmse Clicki) )
Set mydt = CpenbDatabasae |App. Fath & */foastingl®)
et myrm = mydb.CpenPecordset ["seleck count{n)as =0,sum([wt-selft}l*2)as sglet fram dat

gx where DawWwh="" & Frotownsel . cmbtows k& il |

L

With myem
Imse = myrmlsslet / myrm!en
lblmse . Caption = Format (imsa, "0, 000000%)

End Witch

End Sub

Frivate Sub cmdnext Cllck{)

Sat mydh = OpenDatabase(App.Path & "/castingl™)

Jer myrt = mydb. OpenBecordeet (Yaelect * from scakte")

Set myrc = mydb.Openfecordset (Meelect sum|centre|as cent from detax Whers towns='" L f

rmEowneal, ombTtowWwn & =7}

o

=t

&

On Error GaTo sol
d = 1lblfcl, Captlon
g = Walllbleguip.Caption)
& o= Yal [Ibhlage, Captian]
£ = V&l [lhlcantre,Captian)
Mo g8 e o ®ogh of F
With myrc
1 = myroicent

With myrs

kE = myrtipe

mo= {(L'*hj / [L +:k}

1blfce. . Caption = Formatim, “fixed"|
Erd With . .
End With

mEyre . Movedext
Cali fslak
codgave Click -

End Sudb

Privats Sub cmdpolicy Clieki)

framaintenance Extle, Text = 1blFe=_Caption

frmmaintensnca, lhleaprion.Capkion = "Simpls Expon=ntial Emosthing®
Unload Ma )
fromaintenance. Show

Zna Sub

Private Sub cmdsave Clickl(]

0in mdata AF String

mdata = App,Fath & */castingl.mdb®

Datal.Databaselamse = mdata

Adod] (RBEcordSource = Yselect t.aeft from datax where town="" & frmtgemsel , cmbiewn &

St mydt = Openlotabase (App Path & "/castingl®)
Set myrh = mydt CpsnRecordset ("select typeft from datsdx whers t="'§ 1bltl & * and tow
fratownsel . embtown & =10

With myrb

JEALT

myrbtgefc = 1hlfel, Captlon

ypdacs

End With

ayp = "saleot ryear,t,n;xt.asft, (¥t-aafe)as eb, [(seft+ [""-x txtal & "' * ef)jas frl [

‘rdm datax where town='" & Ermtownsel.cmbrown & ='Y

Datal.fecordSource = ayo
Adocdzl . HesordSgurce = “seledt t,seft from datax where town="% & femtownsel.cmbtown &
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CErmaes-—- 2

atal,Refrean
EEGridl . EeBind
DBRGridl . Refresh
Adodel .Bafresh
t MEChartl _Refrash

my k. Closa
mydt . Closa
End Sub

Privabe Subk Form Lead()

Dim miats A8 Strling

mdata = Bpp-Fath & “/castingl.mdb"™
facal.Databaselame = mdata

Me.Width = 12000

Me.Haight = 2000

Ma-Top = &0

Me.Left = B0

Sat oydb = Openltacabase [App. Path & "/castingl")

Het myrs = mydb,OpenBecorddet ["selest * from datex where town="" 4 [emtowWnssl.ombtown
& IllﬂlI

myra MoveFirst
Cell showfislds
Timerl.Interval = 100

End Sub

Sul showfields|(]
1biel Captior = myralt
Ibixe Captior = myrs!xt
lplfe.Caption = myrs!sefE
lblequip.Captien = myratagulp

i loiage.Caption = mycd!agea
lblcentrs.Captlon = myrs!ioentra

et = ¥Wal {lblxt - lblfE)

lolet . Caption = Formatiet, "fixed"}

al = ¥al |txtal, Texrt)

s0 = Wal{lblfc, Captlion] 4 (al + Val{lblet.Caption}j
iblftl.Caption = Formatiso, "D.00Q000")

‘a2 = Valextal.Text]

'to= Wali{lblt. Caption)

'ttt = Valit + (a2 * lblet)]
'lbitt.Caption = Format{tt, "fixsd"|
e = S5 % £k

*Iblft]l Caption = Format({ft, “fixed™]

End Sub

Bub d=iaki)

lelel Aaption = myrslt
lolst , Caption = myrs!at

iplft: Caption = lblfEl
lolequip, Caprtion = myrsleguip
iblage.Caption = myre!age
lbleentre.Caption = myrslcantra

Call turde

End Sub

Sub tonde)

st = Val (Iolxk — 1blFft]

lblet Caprion = Format (et, "0.000000™)
a2l = Val(extal.Taxt] )

sl = Valilblft.Caption]

£ = VYal{lblet . Caption)

o = gl + [al = L)

lolfcl Captlon = Formatiso, "0.000000%)
Eng Hab 135



frmses - 3

Privata Sub Tiuarl_TLm:r[}
TimerEl. . Intesiial = [

t set mydb - OpenDatabase!App.Path & */fcastingl®)

Ber myrn = mydb Openfecordaet ["select countinlas en from datsx where town='" & frmtow
nsel cobtown & M)
3 Rith myzn
For I = 1 To mymn!sn
emdnest Click
Wext L
End With
crdinse CLliok

End . Suh

Frivate Fub txbal Changel]

&l = Valexral Texk)

go = Valilplft + [al = lblet)]
lhl:a.ﬂnptiqn = 50

It = Valiso + 1bltk]

lblft]l Caption = Formatift, "fixed"}
Encl- Buh

Private Sub txtfl Change()

al = Val{txofl.Text)

s = Val{lblfe + tal * 1lblekl)
iplso.Capticn = go

End Sub

L3
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drmessl = 1

Frivate Zub cmdnert Cligck]|]
Set mydb = OpenCatabase (App. Path & "Scastingl™) :
Fet myrs = mydb.OpenPecord=set |"=select * from datax whers town="" & frmbownssl, osbtaown
i -hIIII
t If IsMumeric(txefl . Text) = False Then
MzogBox “Flease Enter Numeric data Only®™, wbhinformation
trcft . SecFocus
Exik Sub
End If
If IsMumericitxtalpha, Text] = Faizse Than
dzgBox "Pisase Enter Numaric data unly", vbinformation
txtalipha.SetFocus

Exit Bub
End If
with myrs
JEdit
lgaft = txucit.Text
pdats
End With

Frmee=s.tx1fl.Text = tucft.Taext
frmaes.txtal.Text = tutalpha.Text

"Ermaes. frmtownsel .cmbtawn . Caption = Irmtownsel.cmbtown, Capticn
fromemy . Shiow

Onload: Me
End Bub

Private Sub Form Load(})
H=.Height = 2000
He Width = &85
HeiTop = 10
He, left = 100 s
l et mydk = Openlatabase(fipp.Path § "/castingli")
et myrp = mydb, Openlecordset ("salect * £rom alph where cown="" § frmtownsol.cmbbown
n HIII:

Get leiak = mypdb. OpenPacordaet ["select wt from dataw where town='" § frombownsel.cmbbe
w!.l L 'llll'

With mytp
tEcalphd, Text = lalphal
End With
Wzth asiak
Exbft.Text = ixt
End With
End Sub

FELwaTe Sub Tiﬁ::l_Timﬂ:ll
cdnast Cllék

End Sun
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~Ermale = 1

.

tim mydb As Database
lim myrs A5 -Becordset

Private Sub cmdmse Clicki)
Set mydt = Openbatabase {App.Path & “/castingl®™)
Set myrm = mydb.OpenRecordset ("select countinlas sn.sumlixt-glft)“djas sslet from dab

ax whers town='" § Ifrmtownsel. cebtownm & °'")

ol

With myrm
lase = myrmisslet § myrm!sn
1blmee  Caption = Pormat (lmse, "0.000000")

End With
End Sub

Privete Suib comdnext Click()
On Error GoTe sal
lplfre.Caprion = 1blfrl
lplett.Caption = 1bltc
myrs, Mevelaxt

Call isiak

cmdsave Click
End-Zubk

Frivate -Bub omdpolicy Clicki)

frmmaintenance.trelc, Text = Iblnext.Captlion

frmmaintenanca, lklcaption = "Exponential Smoothing Linear Trend"
frmmaintenance, Show

Inload He

End Sub
Private Sub cmwdeave Click{]
¥
Oim mdata As String
mdats = App.Path & "/castingl.mdh"™
Datel,Cataba=eHame = mdata
Adodel s RecordScurce = "select t,51ft from datax where: town='" & frmtownsal.ombtown &

Lot mypdi = Qpanﬁatahasa{ﬂpp,Path & "/oastingl®]
fet myrb = mydt.OpenRecordast [Meelect t,slft from datax where c=" § lbltl & " and Tow

n='" 4 Frmtownsel . cmbtown B *'"}

=

sl

With myrb

Edit

myrbislit = lblfte.Capcion
«Updata

End With

ayo = "aslect ryear,t,#wt,s1ft, (swi-s1lftlas slat, |slft+ ('" & twktal € "' # plet]jas st
i btwtmZ & "' *-slek)las €L, {8t + to)as ftn {from datex whers town='" & fretownsel.cmb

Eoln ok

Uatal . RBecordScurce = ayo
Adodel . RecordSource = "select §,2ift from datax whers town="" & frmtownzel.cmbtown &

Dazal . B=freah
DBGridl.ReBind
DBBEridl . Refcesh
Bdodel . Befresh
MSChartl.Befresh

myrb.Cloas
mydt.Cloge
End. Sub

Frivace Sub Focm Load))

Dim mdata s String

mdata = fpp.Sath & "focastingl.mdh™
Derg]l _Datzba=eblan= = mdata

Me.wWidth = 12000
Me.Halght = 400 15
Me.Top = &l 4



‘frmslt - 2
Me Left = §0

S2t mydb = Dpeanbatabase (App.Path & "fcaaclinglh)
t Sat myrs = mydb.OpenRecordset (Yselect + from datax wherse cown='" & Ermiownmal , cmbbown
‘ "III:.

Byrs.MoveFirst

Timerl, Incerval = T0
Timers.Interval = 30

End Sub

Sub isiak()

ibltl.Caption = myrs!lt
1bixt . Caption = myrs!ut
1biegquip.Caption = myru!qquip
lblage.Capkion = myTs=!|age
1bhigentpe. Caption = myrs|centre

1blEt .Caption = 1blftl.Capticn

et = Val{lkluxt = IB1FE)
lbist.Ception = Formakb(ek, =fixed™]
al = valitxcal.Taxrt)

so = Vali{lblft + [al = lbklet])
lblsa,.Caption = Formatise, "fixed"|

af = Valltxtal.Taxt]

£ o= W&l |[lbltet.Caption]

tL = Wal|e + 4az = lblet)|
lplrr.Capticn = Format|tt, "fixed")
fr = ga = £t

1plfcl . .Caption = Fermatcife, “fixed"|

End Sub
b

Suby showfields ()

Ioltzl.Caption = myrsit
Iolwt.Caption = myrabat

Ib1Et Caption = myralslft

et = ¥al |lblxk = lblfkt)
iblet . Caption = Format{et, "fimed"]
al = ¥al(txtal.Texrt)

o= ¥al(lolft + [l = 1blexz])
lpigo.Caption = Formart (as, “flxed"}

22 = Wal {txrad. Text)

L = VYalllble.Capticn)

Ep = YWal{e-e (a2 * FRlee)}
Ibltr,Caption = Format (ct, "Elwged"™)
ft = Bg * tt

1klfcl, Caption = Formatcifc, "fixed"}

End Sub

Private Sub Timerl Timerih
Timerl.Interval = 3

Sat mydkh = Openiacabazs{App. Fath & "Soascingl")

St myrn = mydb,OpenRecordsat ("select countinjas sn from datax where towr="" & [tmiow
ns=l_cmbtown & "'

Set myrt = mydo Openbecordset ("select * from sTata®)

Set myrc = mydb,CpenBecordset ("select suai{centralas cent from datax where towkn='" &
rmtownsel  =htown & ")

With myrm
For T = 1 Ta myronlsn - 1
cmdnext_Click |39



frmslt = 3

Moxt ]
End With
cmdmes Click
d = 1B1ft]l.Captiaon
g = Vallilbleguip.Caption]
& = Yal(iblage.Caption)
f = Yal(lbleentre, Captiond
h=d= [(@=g)F
With myre
L' = myrc!cent

With myrt

k= myetipe

o= [L-% K} F 4L + ki

lplpext.Caption = Formatim, "fixed")
End With
End With

tnd Sub

Erivate Bub Timu;ﬁ_Timn:{]
Timar?, Inkaprysl = O

Call showfisids

Znd Sub

Il



femante = 1

Uim mydb &s-Datebase
Oam myrs A3 Racordast

: Private Sub cmdmse Click()
Set mydt = DpenbDatabese{Rpp.Path E "/castingl®]
Set myrm = mydb.OpenBecordesst ("aslest countinles sn,sumi|Xt=-gnt) -2l sslet from data
® owhere towWn='" §& fretownsel.ombteown & "°%)
With myrm
Im=e = myrmisslet S myrmlsn
Ibimee, Caprtion = Foemat (lms=e, "0.000000™)

End With
End Sub

Frivate: Sub cmdnext Clieck()
Sst mydb = OpenDatabase (App:Path & "/feastingl®)
S8t myrt = mydo,OpenBecordser (Yaelect * fram erarve")

Ser myrc = mydb, Openfecordset {"select aum|centers)ss cent from datax where town='" & f
rmtownsel  cmbtown & ")

Cn Errey GoTo-sol

lblfte Caption = lblftl
Ihlece . Caption = Ibltt
myrs. Movellext

Call isiak

g = Y¥al [lblequip.Caption]
& = Yal|lblage.Caption)

£ = Val[ibleentre. Caption)

d = ihlfri

ho=od= l&=agl /8

With myre

l = My | Camt
With myet
K = myrtipe

. mo= T2 * Kl (1 # K}

lbinext  Capblon = FPormak (m, trixadh)
End witch
End wWich -

ol
:mdunﬂz_ﬂli:k
End Sub

Brivate Sub omdpolicy Click()

irmmaintenance, txclt.Text = lblnest.Caption
frmmaintanance, lblcaprticn = "Smoothing a Mon Linsar Trand"
femmalntenence., Show

UrAload Me

=nd SuD

Privata Zub cmdeave Clleki)

Dim meata As String

mdata = Bpp.Path & "/castingl.mdb"

Datal.Datacasslame = mdata

Bdedol. Recerdfourcs = “geledt t,snt from datawx whare town="" § frmtownsel cehtown & "

Sat mydt = CpenDatabese {Apg.Fath & "/Scaaclngl")
Sat myrbh = mydt.CpenBecordeet [(Tselect b snt from dabax where B=" & IhIEl o " and cowemn
4 frmtown=al . cmbhitawn E ™"
With myrh
EdiE
myrhignt = lblite,Caption
-Tpdate
End Wikh

L syg = "seleor ryear, t,Rti8nt; (kt-Bnties slet, {snc+ ('™ & tEtal & "' * slez]jas st, (g4

('L Txtsd & "' * slet)lias tb.[BL # tklas ftn from datax where town='" & Ermtownsel.cmbbow

n h i

Dacal.Recerdicurge = ayo 161
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Bdodel, BecordSource = "select t,ent from dabtax whers town='" & Ermtownsel osbtown &

L}

Datal.fsfrash

t DBGridl, ReBind
BBGridl ‘Aefresh
hodel . Refresh
M3Chare ]l . Refregty

myrk, Clogs
oydt . Closa
End Sub

Frivers Sub Form Load(]

bim mdata As String _
rdaca = App.Fath & "/Scastingl.mdb”
Catal.bDatabasalame = mdata

Helght = 7040
Midrh = 1Z000
Lefc = 50
¥a.Top = BF

i iE

Set mydbh = CpenDatabase (App-Path & "/castingl™)

Sar myrs = mydh.Openfecordast ("aelest * from datex whers town=°" & frmtawnsel, cmbiown
Lo

myEs. Horeflost
Timerl,.Intecval = T0
TimerZ . Inteciral = 30

Znd Sub

Sub showfields|)

iblel.Ception = myrs!t
lblxt.Caption = pyrsixt
Ihift.Caption = =yrsisnt
Iblegquip.Caption = myra!eqguip
lblzge.Caption = myralags
ibleantre,Caption = myrslcentce

2t = Wal(iblxe = 1bift)
lblet.Caprlon = Format [st, "Eipsd")
2]l = Yalitxtal.Text]

go o= Val{lbift « {(al = lblet)]
iblao.Caption = Format|go, "Eixed™)

ad = Wal{txtad, Taxt]

t = Valilblt.Capticn]

zt = Vali|txizeta.Toxt)

te o= B ¥ gk 4 oA IRlsee
iblrr.Capricn = Formatico, "fixed®)
ft-= Bo &+ (2E * %Ly

1Elfti.Caption = Format{ft, "Eixed")

End Sub

Sl dsiakil

Iblel Caprion — myzalt

liglwt  Caption = myrslsxt
lpleguip . Caption = myrs!agaip
lblags.Captlon = myrs'aga
lblcentre.Ception = myrelcentre

Iplfc.Capticn = lblfte.Caption

gt = Val{lblxr - lhBlfe]

Iblet,Caption = Format|et, "Elxed")

gl = Wal|txtal.Text)

g0 = %alilbife + {al * lblet)] 2
lblso,Captien = Format (80, "fixed™) 152
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ad = ValitutaZ . Text|

L = Val{lbliott, Captiom)

=t = Vali{txtzata.Texk)

EE = 2k * £t + a2 * lblet
i Iblet . Capkion = Format(tk, "Eixed™)
It = =g+ [(2& * TE)
iplicl.Caption = Format (ft, "fixed")

End Sub

Frivate Sub Timarl Timer(]
Timerl,Interval = 0

Set mydh = OpenDatabase |(App.Path & "feastingl™)

Sat myrn = mydb.Openfecordset {"select countinlas sn from data® where town='" & frmtow
nsel.ombtown & "'

High myrn

For 1 = 1 To myrnlasn - 1

cmdriext @lick

Haur I

End With

cmdmee_Cllck

End Sub

Frivate Sub Timerd Timer|)
Timer? Iotecial = )

Cail ahawfis=lds

Exd Sicb
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frmwiz = 1

Privake Sub eadelose Cliek()

Unioad frmlreg '
Unload frmthres

nidad fommsetab

Unload frmass
Unlosd femforecast
Unlead frmslt
Unlosd frmant
Unlosad M=

End Sok
Frivate Sub cmdexe Click()

gat mydk = CpenDatabsse {App.Path & "/ocastingl")
Set myrs = mydb.Openfecordset ("select * from datax where bown='" i frmtownael.CmbDTosn
E' ﬂ.|||
If IsMumeric{txtft.Text] = False Then
MegBox "Flease Enter Mumeric data Oply", vbInformation
EHLLE. SetFoous
Exit Sub
End If
If Ishumericitxtalpha,Text) = False Then
WegBox "Please Epter Humeric data Cmly®, vhinformation
tHtalphs. SetFoous

Exit Sob
End If
With myra
«EQit
lgeft = tutit, Taxt
-Updat=
End With

from=so=s.txbfl . Text = txbEft Text

Frmaes. txtal, Text = txtalpha.Texk

frmses.Hide

'frmses.cobtown, Text = frmtownsel.cmbtown, Text

'frmireg. frmtownsel . cmbtown . Caption = frmtownsel. cwbbows. I:up'r.}.-n-t
frmlreq,txta.Teaxt = txtad.Texk

frmlreg_txth,Text = txth.Texkt

fmlreg.txtzeta = txtzeta. Text

Lbldmse, Caption = Ermthrea. lblmse.Caption

lelnaive, Caption = [rmmsetab. lblmsn Caption

frmlirgg.cmdfore.Yalue = True
frmforecast . Hide
Ermlreg.codale Value = True
frmulE . Hide
!rml:u::;.r:.:ldsnil:.'.faluu = TEUS
frmank  Hide

Timarl.Intarval = 34000
Timerd,.Incerval = 31000
omdexe  Vislble = False
lblnote.¥isible = True

End -Sub

Frivate Sob -:mth'ltx'r._ﬂilckl_'l

tmae = Yl [ femthree, lbimee. Caption)
nalve = Vel [fommeetab., lblmes. Captlon|
fore = Y¥al rfrmforecast.lblmes.Capoion]
slt = yal {frmglt.lbimee.Caption)

snt = ¥al|frmant.lblimse.Caption)

seF = Vallfrmses.-lblase Caption)

64
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If mees € nalye And tmee < Eore BRnd tmse < ale And tmae < ant And cmae < seE Then
lplans ,Caprion = Emse
irmthree.cmdpolicy, Valope = Troe
'3\ Elsalf naive < tmse Bnd nalve < fors And palve < slt And naive < gnt And nalve < so8
@n

lblans,Caption = paive

frmmsetab.cmdpolicy. Value = True

Elsalf fore < tm=e And fore < naive And form € slt And fore < snt Aod fare < ses Than
iblane,.Caption = fore

frmforecest.ocmdpalicy. . Value = True

Elself slt < tmse And slt < maive And slt < fore And it < Bnt And slt < ees Them
lblaps . Caption = sl

frmelt  omdpollicy. Value = Trus

Elsalf snt < tmse #nd snt < paiwe And snt < 8lt And snt < Eore And snt < 388 Then
lblians . .Caption = ant

fresnt . .emdpoalicy.Valus = Trus

flgalf se8 < tmae And seg < paive And ses © slt fAnd ses < snt And ses < fore Then
lblans.Captlon = aes

frmepas.omdpolicy.Valug = Trus:

End IE

lblpote,Caption = *bHone; Thank G

End 2ub

Frivate subk Form Laosad]|

Ma.Wideh = &500

Me.Haight = 5500

Me_Leit = Soreen.Width = 0.2

Ma.Top = Scresn.height * 0.1

"frmlreg, irmtownsel .cmbtown,Caption = frmtowmsel  cmbtown.Caption
frmmdi .mmvoperatlonses . Checked = Traa

frmags., Hide

Timer3, Intervel = 70
femmdl . mruoperetionlr. Checked = Troe
% frmireg. iide

"frmohree. fratownssl  ombtawn.Caption = frmtownsel.cmbiown.Caption

fememdl . snuopetationd.Chedtked = Toue

frmihras . Hide )

*frmmaetab, frmtownsel - cmbtown . Caption = frmtownsel.cmboown.Captlon

fempdl  mnuoperationnfm.Checked = Trus

frmmestab: Bide

Set mydb = Openlatabasge (App.Peth 8 "fcastingl"™)

Sat myrp = mydb.OpenRecordset|"select * from alph where bown='" & Ermtownsel.ombbown
i -FIIII

S8t 1siak = mydbk,Openfecordsec ("asleor xmr freom daca® where town='" & frmrcownsel.cmboo
Wi & uru:l

With myra

tHrelphs, Text = |jalphal
txte. Text = lalphal
tHTh. TaNt = lalphal
txtzeta.Text = |laiphal
End With

With 1stak
txeft.Text = IxE
End Mith

Enxd Sub

Erivate Sub Timerl Timesr|)
Timsrl.intereal =

ioplase.Caprion = frmaas,lblmse.Captlon
‘frmlreg. omditast.Value = Trua

1klale.Capkion = frmelt.lblmse.Caption

End Sub 165
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Private Sub TimerZ Timeri)

Timer2.Interval = 0§

lollcf daption = [miorecast.lblmse.Caption
iblslt.Caption = frmslt.lblmse.Caption
Iplsnt..Caption = Crmant.lbimse.Caption
cminaxt . Visible = Trus

tolnote.faption = "Aeady, Click Hext to Proceed"

End Suk

Privacte Sub Tim&r3d Timer()
Timerd.Interval =
frmyes-tutfl.Text = txcit.Texc
froxes tatal Text = cxbalpha.Teésk
Irmeas  Hide

End Sub

16
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Praivate Sub. cmbpasri Click()
cndrafrash Click ¥

Eat mydb = Opeanbatabase |App.Path & "/castingl"

Ir :mhfypa.fuut = "Prevantive" Then
et myrct = mydb.OpenReacordset ("select * from preventived where town='" L cmbbown.Taxt
§ "' and pare="" & cmhpart & "'7M]

Elaglf embiyvpe = "REapalc™ Then

5er myrt = mydh, OpenBecordset ("select * from repaired where town='" & cmbTown.Text &
*¥'oznd part="" & cmbpart & "'7]

Elzelf omotype.Text = "Overhauling™ Then

Set myrt = mydb.Openfecordeat {"aelect * fram overhaulingd wharce town='" & cmbtown.Tex
£t & " and part='" § cmbpart & ¥'¥]

End IE
On Error GoTo e=rr
With myrt
‘Exbu.Taxt = myrtiu
Txbp. TEXD = myrC!p
THEE . TRXT = mMyrclr
tuto. Text = myrt!lc
tuty. Text = myrt !y
Extx  Text = myrkliX
dtpdate.Valus = myrt!tdate
End With
Y o
End Bub

Private 3Jub crebtown _Change()
cmbtypa Cllgk
End Sub

frivate Hib cmbbown Click(]
cmbtypa Click
End Eub

Private Zub embEype Change()
QWDP&IE.EEE&: E
SeL mydl - ﬂpenﬂdtﬂbqnnligp.Fath & "/oastingl®)

S=r myrp = mydb.OpenRecordset [®select * from spear where town="" § cmbtowo B 7'%)
With mycp

If ot .EQF Than .Mowvelast

If Eob JBOF Then MowvsFirst

for p = 0 Ta .RecordCount = 1
cmbpart . Additem [lpart)

cnbpart. TtemData (cmbpart Hewlndext = |ne
SMeveNext

Hext p -

End Wich

End Sub

Privare Sub cmbrype Click{]
Ciibpart |CLesr
Set mydbh = OpenDatabase (App. Path & "/castingl®]

et myrp = mych. OpenBecordset ("select * from spesr where town="" & cmbtown & """
With myep

IF Nat .EQF Then, .Movelast

Lf Hot .BOF Then .HMoveFirst

For p = 0 To ;HscocdCount — 1

cabpect  AddItem. | !part]

cenpart . IEemDats [embpart , HewlIndex] = |na

JHovelanr

Hekt p

EZnd With 167
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End Sub

PFrivate Sub ocmdadd Qlick()
LS Sat myﬂh = Jpenbatabaze (App. Peath & " /castlingli™)
= I'f cmbtown, Text = "% Than
HMegBox “Select the Town™, wbCritical
cinbtown . SetFecus
Exlr Sub
End If
if cmbpart ., Text = """ Than
MzgBox "Enter thke Spare Baret™, wbCritleal
caibpart BetFocus
=xit Jub
End EIf

1f ombtype. Text = "® Than

MagBox "Please Enter select the malintsnanee type™, vbInformation
crbtype, Set Focus

Exlt Sub

End IE

'Ii Isblomeric{txto,.Text) = False Then

iM=gBax "Enter Humeric Walue fgr 0%, wvbhCrlticsl
Tedtu.SerPocus

TExt - Sols

'End I'T

If IsHumaricitzitp.Text| = Falsa Then

MagBiox "Enter Humsrioc Valus for P"; vbiritical
txtp.Setfoous

Exit Gup

End LE

1f IpMumericitatcs . Text) = False Then

HMsgBox “Enter Mumeric Valus for A", whCritlical
trtr.Setfocus

Exit Sub

find If ;

If Ishumerlcitxtoc-Text] = False Then

Mygbox: "Enter Wumeric Valos for 2V, vblritical
bz, SetFocus

Exit Hob

End If

If Ispumeriz{txty.Text) = False Than

MEgBox T"Enter Wumsric Value for y", vbiritical
TELY . SetFocus

Exit Sub

End If

IE Talumeric |[Exty . Taxt) = Falgs Then

MegBex "Enter Humerle Value for x*, whCritlcal
Exbx. SetFooes

Exit Fuh

End If

If cmbtype.Text = "Preventive" Thnq
Set myrt = mydb.OpenBecordset ("select * Lrem preventived™)
Elaelf cmbbEypeE = "Repalrc™ Then
S8t myrt = mydb,OpenRecordset (Yeelect * from repaired®)
Elself cmboype.Text = "Owerhauling® Then
Zer myrt = mydb.OpeénRecordset("select * from overhaulingd”]
End If
With myrt

Rddilew

myrtltown = cmbbown. Text

myctlpare = embparct.Teaxt

"myrElo = ExbEu. Telr

myct!ip = BRTE Taxt

myftiy = ERtr Taxt

=myehic = txtc, Text

myetdY = baty Test

myrbld = Exta: Teil

myrt!tdate = dipdeate.Value

Dpdate 168
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emdrefresh Click .

End - Sub

Private Sub cmdegit Clighk(]
Dnload He

£nd Hub

Private Bub cmdrefresh Clickd)
"EREU . TexE = =7

EXCp.Tedr = "*

tREr. Tt = “*

txEc.Tout = "

ExEy, Taxt = W

Extx, Text - T

"ombbown. Texk = ™

End Sub

Private Sub :mﬂupd_flitit]

Zdt mydbh = DpepbDatabease |App.Psth & "Sfoaaklngl®)
If cabtown.Text = " Than

HrgBox "Sslect -the Clty", wbCritical
cmbtown- SetFoous

Exit Sub

End IF

1f epdypare,Texe = T" Then

MzgBok "EnCer thé Spesc Pact™; vbCritidal
csbpart . SetFoous

Exlt Sub

End IE

If cmbtype.Text = “* Then

HegBox "Please Enter select the maintenance type®, vbinformation
cmbtype . SetFocius

Exle Sunb

End 1E N
'If IsWumerle{tseu.Text] = Falze Then

'MagBox “Enter Womerle Walue for OY, wbCritieal
"tHTu.SeLFocus

"Exit Sub

“End I

1f Ishumericitxtp.Text) = False Then

MagBox "Enkter Numeric Value for P7; wvoCritical
txtp.BetFocus

Exlt Sub

End If

If Takumerlicitxtr.Text) = False Then

MsgBo® "Zrter Wumsric Walue for RY, whCritical
txcr.SetFocus N

Exit Syl

End If

If I'sbomericitste.Texkt]l = False Thaen

MagBox "Enter Humeric Value for ©% wvbCritical
txtc EetFocus

Exit-Sub

end If

1f IsHummricitxby.Text| = False Than

MzgBox "Enter HMumeric Values for y"; wbCritical
tuty.ZetFoons

Exlt Euhb

End If

If Talumesicliextx, Text) = False Then

MsgBox YEnter Mumeric Value for x®, wbCritical
tHL®.SerFoisus

Exit Sub

End If

If —hbtype,Text = "Praventiwe" Then l&4



fraparts = 4

Sat myrt = mydb.Cpenfecordset (®eelect * from preventived whers town='" & cmbtown.Text
B "' and part="" § cmbpart.Text & ='1"] E

Elself cmbiype = “"Repalr™ Then

St myrt = mydp.Upenfecordset ("select * from repaired whore town='" & c=Ebtown.Text &
"' and part="" & ombparct.Text & "'")

Eiself cmbtype.Text = "Ovarhauling™ Then

Zet myrt = mydn.Openfacordset {("select * from overhbaulingd where towp="" & cobtows.Tex
cd "' oand part="" & cmbpart.Text & """}

End If

Hith =myrct

ZEdit

'myrtle = txto. Texk
myreip = Extp. Text

myrtix = Lxtr, Taxt

mYyEtig = btite.Text

mYELIY = Exty.Text

MyrC!d = CHtx . Text
myrtitdare = dipdare.Valus
Opdate

End With

End Sub

Private Sup ?h:m_andi]
Me . Wideh = 11000

Me . Helght = 4200
Me.Tep = 314

Mg Lefe = 300

S2t mydb = Openlatabaze (App-Fath & "/castingl")
Eer myrs = mydb . Openfecordset ("select * from town")

With myrs

If Mgt .EOF Then .MoveLast

If Kok .BOF Than .MoveFirst

cabtown, Text = |MName

For I =0 Ta .RecordCount — 1 )
crbtown  AddIte= | 1Hame)

cmbbtown, ItemData (cmbtown . HewIndex) = fno
JMavelaxt

Faxt I

End with

ditpdate.valoe = How
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Frivate Sub ambbown Changs()
Set mydo = OpenDatabase{Rpp.Path & "/castlngl")
fat myrt = mydb.OpanRecordset (®select * from srace wnere town="% § ombbown & "'
With myrt
Extdlph . Taxe = lalpha
LRTpeEs.Text = ipe
End With

Eng Hub

Frivate Bub cmbtown Clicki)
txtelph.Text = M=

tetpeoa:Takk = '™
Bet nydbh = OpenDatsbase (App.Path § "/castingl"]

et myct = mydb.OpenRecordset ("Aelectk ¥ from srate where town='" & cmbhown & "7
@n Errar GoTo arcr

With myrt

txtalph. Taxk = [alpks
txipers,. Texk = |pe
End WEth

End SHub

Frivate: Sub cmdadd Click()
Set mydb = Cpenbatabese (App, Pakh & "fcastingl™)

Zel myrt = mypdb.OpenBecordset [Fasiect * from scabte where town="" & cmbtown & *'")
Wikl myrt

If Valjcxtalph) + Wal({txtpera) < 0 Then

MegBor "Decrsase yvalyus must less than Persconel valupe", vbCritical
txtalph.Text = "7

tatalph.SecFocus

Else

Bddiaw

'alpha = tytalph.Textc
pe = tatpercs.Text
{town = cmbtown. Toaxt
Opdate

End If

End With

Erd Sub

Frivere Bub emdelese Clickil)
Unload He

End Sub

Frivate Sub cmdeawe Click({)
Set smydk = OpenDatabass(Ppp.Path & */eastingl™|

Sat myri = mydo.OpenRecordeet|{"select = from srate where town='" & cmbbown & """
With myrt

if valitxtalphl + Valitxtpers] <0 Then

HMsglicx "Decrease value must less than Fersonnel valuse®, vblricigal
txbalph. Taxt = ""

txtalph:SetFoous

Elas

~Edlr

falpha = txtalph,Text
ipe = cxtpers. TEXL
Jpdate

Ena IT

End Wich

End Sub

Private Sub Form_Leoadi)
M&_ Height = E775
Ma Width = &6L5

=t mydb = Cpenlatabase (App.Path & "/castingl")

171
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Bat myrx = mydb,.OpenRecordset |"selsct * from towm")

t With myrx

It ¥ot .EOF Then .MoveLsst
If ot .BOF Then .Moverirstc

For I = 0 To ,RecordCount - 1
cmbkown . Addltem | | Hame)

cmbtown. Itemlata | cmbtown. HewIndex) = fno
Mowralent

Haxt I

End With

End HSub

172



_ frmpersdata = 1

Private Sub cmbpersl Changal}

txtrating.,Text = "*

Set mydh = Openlatabase(fpp, Peth & ®/castingl™]

et myrs = mydb. OpenRecopdast {"select = from interactilon where town='" & cmbtawn & "°
t. and positionl="" & ombperal & "'and poaltienZ=*" & cmbpersd & "*'7)

O Errer Golo 8rr

With myrs
tutrabing. Texe = lilswsl

End With

End Zub

Frivare Zub ombpersl Click(]

tHCFaTlng. Text = M=

Fat mydh = Openbatabase(App.Path & "/eastingl")

Sat myrs = mydl.Opanfecordset (Yaelect * from interaction. whers Town="" & cmbtown & "°

and positionl="'" & cmbperal & "*and poaltiond='" & cmbpers2 & *'")
On Epror GoTo err
Wizh myrs

tatrating, Text = |ilewval

End With

i
H
¥

End Sub

Private Sob cebpersyd Changel)

txtrating, Texs = ""

Eat mydb = Qpenlatabasa [App.Path & "foastingl®)

Sat myrs = mydb,OpenBecordaset [®select * from intsraction where cown='" & cmboown & "
angd pesiticoni="" & cuibpersl & “'and position2="" & cmbpersd & 'Y}

tim Error GoTo err

Hith myrs
txtrazing: Text = |ilewel

End With
End Sub

Frivate Sub ombpersd Click()

tetrating. Text = " &

Geat mydb = Openbatabasze{App.Fath & "focastingl®)

Sat myrs = mydb.Qpankecordset ("selest * from interactlion where town="" L cmbbown & %
and positiond='" & ombpersl & "'and positionz='" & ombpersd & "'%)

{m EBrror Golo erc

With myre
txtrating. Text = |ileval

End With

[ <F o |
End Sub

Private Sub :mhtnwn_ﬂhlng|11

cmbpersl.Clear

cmbpers2 Clear

EXETRELNG . TNt = RN

Fet mydb = OpenDatabase (App.Path & "/oastingl™|

Zer myra = mydb.OpenRecordast |("select + from post whers town='" & ombtown & "'%)

With myrs

If Kot .ECF Then ,MoveLast

IT Kot .BGF Then , MayeFPirst
I:tupr‘!:'il. Text = !Position
cmbpers? . Text = |Position
Far I = 0 Ta .RecoardCount = 1
cibpere] AddItem | ! Poaltian)
cmppersd AddItem (lPosition)

cmbpers]l. [tembata (cebpersl .Newlndex) = !no
cmbparsd . Itesbats (cmbpered . Hewlndex) = !no
Movalen:

Hext T

i
End With 3
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End Sk

Private Sub cwmbtown Clicki)

cabpersl . Clear

cmbparsd . Clear

Zet mydb = OpenDatabass (App.Path & "/eastingl=)
Zet myrs = mpydb.OpenBecordset |{"aeleck * from post wherse town='" & cmbtown & "%

With myrs

IE Hat _EOF Then .MoveLast

If Hat .BOF Then .MoveFirst
ombperal . Text = |Poaltion
ombpersd . Text = | Foplition
For £ =0 To . Recocdfount — 1
cmbpera] cAddicem | ! Posicion)
cmbpersd .Additem {1 Fosition]

cmbpersl . Itembata {cmbpersl . Hewindax) = Ino
cmbpers?. ltembata | cmbpers? . Hewindex) = Ino
Movelaxt

Hext T

End With
End Sub

Frivace Sob cmdelofe Llick()
Inload Me
End Sub

Private Sub emdok Clicki)
Sat mydn = Openbatabase(App.Path & "/castingl™|
Zet myrs = oydb.OpenRecordset {"select positionl,positionZ; ilevel, town Eros lnkeractio

If ombparsl, Text = =" Then

HMaqBox "Please select the personel"”, vhInformaticn
cmbpersl . SetFocus

Exik Bub

End If

If cmbpersd . Text = ™" Then

MagBox *Plesse aslect the peraonel", vbInformacicn
cmbperss, Setfocus

Exit Sub

End Lf

If TaHumericltxtrating.Text| = False Then

MagBox "Flegae Entsr Humseric value", sbhinformaticon
LHAETrA EJ.l.'tg L EatFosus

Exit Subk

End TF

With myrs

AddNaw
myrdlposition]l = cmbpersl.Texkt
EFE:!PGSltiEﬂE = cmbpers2. Texk
myralileyel = txkrating.Text
ayraleawn = cmbtown. Text

Alpdata

End With

txtracing.Text = ™"
End Sub

Frivate 3Zub Form_Loadll
Me. Height = 3600
Me.Width = &B55

Me.Top = 100

Me.Left =200

Eet mydh = CpenbDatabase|App.Path & “fcq:tingl“l
S8t myrcx = mydb.OpenBecardeet ["seleck * from town™) 174



Irmpetsdata — 3

With myrx

LY Mot .EOF Than .MoveLast

If Mot BOF Then .MoveFirst
1 For I = 0 Ta .RetordCount - L

omirtwn, Addltem || Kama)

cmbotown . Itemalata (cRbtown. HewIndex) = ino
JMovelaxtk

Mext I
End With

End Sub
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T Frivate Sub embeom Click()
Set mydn = OpenDatiabase (App.Path & "/ocastingl")

‘i Sat myrg = mydb.Openbecordast ["select namse, cost from comm where town='" & cmbbown & °
" and pname="" § cmbcom.Taxt & "'}
wWith myrs

tEtcost. Text = myrs!|cost
cmbcom, Text = myrs!Name
End Witk

End Sub

Frivate 5Sub cmbbown Changed)

cmdeef Click

Set mydh = OpenbDatabase (App.Fath B "fcastingl®)

Set myrs = mydb.OpanRecordset ("select * from comm where town='" & cmbbown & "'")

With myra

IE Hat .EOF Then .HoveLast

If Mat .BOF Then .MoveFirst

Foar I = 0 To sHecordCount = 1

cmbcam. fiddItem [ | Mame)

cmboam. TeemData [cmboom. Mewlndex) = Ing
Mowellaxt

Haxt I

End With

End Sub

Private Sub ombtown Clisk(]
cmdear Click

Sat mydo = OpenCatabaseiApp.Path & =/castingl®)
Set myrs = mydb.Openfecordast |"gelect * from oom where town='" & cmbtown & "*")

With myzs

If Hor ,E0F Then ,Movelasr

1f Mot .BOF Then MoveFlrat

For I = 0 To ,RecordCount = 1

chbcom. AddIten [!Mame)

cribcom. ITtemData [emboom. NewIndex! = oo
Moveblext

Nexr I

End With

End Sab

Privats Sub cmdadd Clicky)
Sat mydb = OpenDatabase (App.Path & "/foastingl")

Set miprs = mydb.OpenBecordset (®"select name; cost,town from coms where town='" & cmbbow
n E -Hli'

'Eet myrx = mydb.OpenBacordset [("select name; cost, town Erom comm where town='% & Ccmbito
Wi & LR

I omboom.Text = % Than

MsgBas "Pleaze Enter the Communtcation Meana™, vblInformation
cinbcon . Sat Focus

Exit Sub

End 1£f

With myrcs
fLFipdFicst "pama="" L Trimiesbeom] & "'T
YOTIE JHoMatch Thern
cRddilaw
\ ! Ela=
Fegalt = HEQBHH[-THLE l:mmunii:ai_:lnn BEans s ln ejlstence, OvapruepiTa?™, '-'L'-"'-J'.."'E
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* frmoceem = F

Bt iomn]

MrgBox "Registration Falls .-..", vhExclamation
. ' Exit Sub
' End TE

myrslame = Trimicmboom,Text]
myrslcost = Trimitxtoost . Text)
myrs ! town = Trimicmbtown. Test)
Mpdate

End With
emdref Ciiek
End Sub

Private Hub codexit Click(})
Unload Me
End 'Sub

Private Sub cmdeoef Click()
embcom. Cleac

cobcom, Taxt = ="
txtcost. Text = "0

End Sdb

Private Sub emdupdete Click(]
Ser mydh = CpenDatabass (App.Path & "/eestingl™)
Set myra = mydb Openfiecoerdset ("select namn,cost froca comm Where name='" §ocmboom. TedT
b -|l|:_ |
With myrs
JEdiE
myfﬂ|tﬂﬂt = CEEEasE . Taxe

Updats .
End With

End - Sub

FriveCe Sub. Form Losad ()
K= Height = 4000

¥e Width' = 3000
Be.Left = 204

He Top = 200

Set =ydb = UpenbDatabase |App.PFath & */castingl®)
Set myrx = mydb.CpenRecordset ("select * from town®™)

Wich myrk

If Mot .EDF Than MaveLsst

1f Hot ,BOF Than .MoveFieak

For I = 0 To .RecordCount = 1
omptown . RddItem |[!Mamsa}

crbtown, ItemData (ombtown, HawIndex]| = |fo
JHMoveliext

Mext 1

End With

Ser mydh = OpenDatabase (App.Path & "/castingl™)
581 myrs = mydb.OpenRecordsek (Mselect * From coem')

With myrs

If WHor .EOF Then .MovelLast

1f Hot [BOF Then .MoveFirst

For 1 = 0 To ReEcsrdcount =1 177
cmboom.AddI temn | ! Hame|



Frmoomm — 3
embeam, JremDats (cobcom, HewIndex) = ing
.Hovalert
Hext I
End With

End  Sul |
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frmdlacount = 1

Frivate Sub cobtown Chandge|)

Extind.Taxt = M .

txtint. Text -

Sat mydk = DpenDatabese (App.Path & "/ocastingl™)

fet myrt = mydb.CpenRecordset (Yselect * from diadcounted Where Town='" & ombtown & "'Y

On Error GoTo err
With myrt
txtinf.Text = tinf
txtint.Text = myrtiint
End With

End Sk

Frlvate EBub :mhtnwn_ﬂlick[]

trbinf.Tedr - "=

txblnt.Text = "*

Zot mydh = Openbatabase |App.Path & "/foaacipngl')

Set myrt = mydb.OpenRecordsset|("select * from discounted where Cowp='" & cmiotown & "°Y

O Error GoaTo ercrc
With myre
tHtinf, Text = linf
EXTLINE , TEXL - mer!Int
Emd With

End -Sulb

Frivate Sub cmdadd Clicki)

St mydh = Upenbatabase |[App.Path & "focastingl™)
Set myrt = mydb.OpenRecordset ("aslect ¢ fram discountsdT)
With myrt
- Reldiew
lnf = tabinf. Text
‘Int = EREink Text
fLown = cabtown. Text
Update

End With
End Suk K

Frivats Sub ocmdolose Clieki)
Unload HMa

Epnd Sub

Private Sub omdsawe Click](]
Lot myoh = Upenbatabase (App.Path. & "/castingl")
Zet myrt = mydb.dpanRecordget {"delact * from digcounted whers bown="" & combCowWn & 7'F

With myrt

VEGLE

inf = txtinf.Text
1IN = TECint.Text

Jpdate
End wWith

ond Sl

Private Sub Form Load(]
Me_Height = 2775
Me_Width = G613

Set mydk = Cponbatabase |App. Fath & “Scastingl®)
Sat myrx = mydb_ Openfecocdset |"selact * from town®)

With myrx

Ii Wat .EQF Than .Movekdst

If Hat _BOF Than .kKoveFirstc

For I = 0 Te ,RecordCount - 1 179
cmboown . AdATcem o I Hame]



Frmdiscount = 2
cROTown . ITemiata (cebiown. Hewlindax) = ino
JHovelaxt

bpxt I
h End With

End Sub

11



frmforecast = 1L

Private $ub :mdpuliny_fl;:k[h

fromalntenance, txtlt.Text = Vel [lblnexrt.Capbion)
frmmalntensnce. lbloaption.Caption = "Linear Regression Forecast"
fom=aintananca, Shaw

Ma-Hide

End Sub

Frivate Fubk Form Loadi)

Mg Height = 5004

Ma MWidth = 12000

Me.Top = 50

He.Left = 50

Dim mdata As String

mdata = App.Path F "/castingl . .mdb”
Datal. . Databaseblams = mdats

End Bub
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Cim mydh ha Datasbase
Dim myrp A= Hecordset

Frivate Sub :mdfu:e_ﬂlitk[b
St mydbh = OpanDatabas=e |[Rpp.Path & "/castingl")

‘Bt myras — mydb.CoenBecordset {"geleck n, ("8 1lblas "'+ 'Y g dbll B "' * n)jas fT,0
xT-IT)as 8o, (ec”dias et aumfetalas fin Frem datax group by '™ 6@ 18ls & 7', "" & 1bIb & "'.n.%
% A

Eat myrn = mydb, Openfecordset (Yselect sum{(xt-{"" & lbla & "'+ {'* & lblo & """ = ©l}}"
dyas Inl from datax where town="*" & frmtownsel.cmbtown & "77)

Ser myrx = mydb,.0penBecordsek ("select * From datax whers town="" & Frmtownsel.oabtown
; -III?
Egt myrt = mydb,OpenBegcrdset (Yeelect * fram =srate')
Sat myrc = mydb, OpenBecordset ("gelect sum{centre]as cent from datas whers town='" & £
rmtownsel.cmbtown & 'Y

Wich myrn

mae = !fml f lblo.Captleon

remforecast . lblmee = Format mse, "0.0300000™)
frmforecasc  /1bln.Caption = 1bln.Captign

BEnd With

With myrx

If Mot ,EOF Then .MoveLast
E = myrxlt

= lbls,.Captipn
= lhllk,Capkion
& + (b * lE)

o B

al{lblegulp. Gaption)
alilblage.Caption}
Valilblcentre,Capkiamnd
d=® (e*qgh /F

i T L]

nowop

Wich myzrg N
1 = myrclcant
With myrt
& = myctipe
- | ow kR cht f [L-F k)
frmifafrecast. iblnext .Capbkion = Formatim; "“fisxed"]
End ®Wilth

End With
Eng With

ayo = "saleco rcyear,t.®E, ["" & 1bla & *'4'" & 1blb & Y* % k) las £, (WE-ft)as =kt fram
detax where town='" E frmtownsel.cmbrown & 4™

ayol = "gelect £; (""" & 1lbla & ""&#('" & lbih & "' * t])as £t from datax whece Eowi=""
& frmtownsel . cmbtown & "'

‘frmforecast. femtownzel ombtown.Caption = frmbownsel.ombtown.Caption

femforecast . Datal  RecordSpurce = ayo

femforacast. Datal . Aefrash

frmforecast . Adodcl .RecordSource = “"selept t,fc from datax where town='" & frmtownsal.
l:'ll:l'l;u'ﬂn 5 A

frmforecast, Adodcl .Refreah
frmiprecast Adodol. RecordSource = ayal
frmforocast  Adodel . Aefrash

frmforeacast.MSChartl . fefrash
frmforacast , Show
End Suab

Privabte Sub cmdsli Click()
Jet mydbh = DpenDatabase|{Rpp.Path & "/Soastingl™
Zet myrs = mypdb.CpenBecordset ["seleck ¥ from detax where cown='* & Ermtownsel.ombtown
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Ermireg = £

If IsHumerlcitxta.Text} = False Then
HegBox "Flease Enter Wumeric data Only", vhlnformstion
THkbd.SetFooys
Exit Buk
End If
If IsHumaricitstb.Text) = False Then
MegBox “Please Enter Humgric data Cmly®, vhlnformation
teih . SetFacus
Exit. 5ub
End TF

Rith myra
-Edit
myrsislit = Val [1bla.Caption) + Val[lblb.Caption)
JOpdate
Engd Wikh
frmelr.txtal,.Text = teta.Tamt
frmzlt.txtal, Text = trtbh.Text
‘frmslt, frmtownsal.ombtown, Caption = Ermtownsel.ombtowWn.Caption
frmsli.lble Capticn = lbla . Caption
fresli.lbls Capticn = lbhibn;Caption
frmslt.lblf.Capkion = ?hl!lhlu.ﬂnptiunl + Val|lbib,Caption)
'frmalie, lbict Caption = 1blb.Capkicn
Eroelt.lblfel Caption = Val(Eemalt.lbhlao, Caption) + Yal(llblb.Caption]

frosly . Show
=ne Sub

Private Sub omdenlt Click(]
S8t mydh = Opsnbatabsse{fpp. Fath & "/dastingl®)
Set myrs = mydb.OpenRecordest |"select * from dstax whers town="" & frmtownsel.cmbbown

E L RN}
If Istumsricitmta.Text] = Falas Then
MzgBox "Flease Enter Mumeric dats Cnly®, vbInformation
tuta.SetFocus
Exir 2ub ,
End If _
If IsWumerie|bxth,. Text)| = False Then
MzgEax 'Please Snber Humecic dats Qnly", ybInformstian
CHih, Berfocus
Exit Suab :
End If
1f Ishumeric{tstzeta.Tert) = False Then
MagBox. "Plemse Exter Wumerie daca Ooly!, vbInformation
Exkzerh, SetFocus
Exit Sub
End If
With myrs
LBdic
myrslignt = Unlllhln.fﬂptianl + (Val (Inlb.Capbion] * Val{txtzats Tawt)
Mpdate
End With
frmant.txbal -Texk = Exta: Text
frrant. txkad.Tast = buth. Text
froeol. tetzeta, Text = t¥tzata, Texl
‘frment . frmiownsel . cmbiown,Caption = frmtownsal, cmbiown.faption
frment . lkls.Caption = lbla.Capticn
femant . lble . Caption = lblb.Caption
femsnt, 1kl Caprion = Yal[lbla, Captioan) + [Wal|lblb,Caption) * Val (tktzeta. Text)|
temgnt .iblet . Caprion = lhlb, Caption
frmant . iblfcl. . Caprlion = Vali{frment.lblae Caption) + Val{iblb.Captlion] * Val|cxtzeta.T
ankE

frmanc . Show
End Sub

Frivace ZSub :mdtl:t_ﬂll:k{ﬁ

Zel mydbh = Opanbarsbase (App.Path & "Joestlingl™)

‘1=t phase

‘Het myrs = mydb,OpenRecordset (Yeelect t."" & lbla & ""+{"" & lblb & *' * nljas fi,!
st—ftias akt, (et~ dlas ecE,aumfats)as fipn from datax group by '" & lble & "',;'" & 1Blb & "'.n,HA

eEE™) I-!'3



cErmlreqg — 3

Zat myrn = mpdb . OpenBecordset ("select sum{(xk-["" & 1bla & "'#{'" & lbhipo & "" = E}1}°

2ies frul from datax'  where town="" § Ermtownsel . cnbtown & "'7) '

R R

Zet myrx = mydb.OpenBegopdset ("eselect * from datax whers town="" § frmtownsel,c=btowWn

With myrn

mee = 1Enl / 1bln.Caption
frmforecast.blmse = Formakt imse, "G 000000%)
frmicrecast. lbln.Captien = lbln.Caption

End With

With myrx

If Hot LEOF Then .MaveLast
E =k i e
a = lbla Caption
b = iblb.Caption

frmfcrecaat,lblnext,Caption = a + {b = |t}

End With

gyn = “sElegt cywedAr,t,xkE, '™ & 1bla & mig |t 1hlb & " = p]ias £, (xt=-frjas ar from

data® Where town="" § frmtownsel.cmbtown & "'°

E I'I'II;

& Il'rl:I

BHE)

trmicracast.bEtel  Aecordiource = ayq
trmicrecast.batal. . Refresh
frmforecast.Hide

'tha second phassa
Set myrs = mydb.OpenRecordsat | "select * from datax where town='" & frmtownsel.cmbtown

With myrs
EALE
myrafslic = ¥Wal{lbla.faptilen] = Wali{lblb.Capriond
pdata
£no With
frmelt . txtal, Text = guta.Text
frmslt.-Extal.Text = tuth.Taxt

frmsloc.loles.Caption = lbla.Capeion

frmslt.lblt.Caption = lblb.Capcien

frmsilt,lblf . Caption = ¥al{lbla.Caption) + Wal{lblb Caprion)
‘frmalc.lbltc.Caption = Lblb.Captiom

frmslc.lbifrl.Captlon = VWal [frmelr.lblee Caption) + Val|lblb.Caption|

frmelt . Bide
*3rd phase formser myra change to myek

Set myrk = mydb, Opanfecordaset [(®select = from datax whers town='" & frmcownsel.cmbiown

Wikh myek
SJEAdLE
myrklaat = ¥al(lbhla.CapEipn) + (Val(ilblb.Capkign) ® Vaiibxtiets Teaxt)]
Jpdate
End With
frment.t¥tal , Text = txta.Text
frment.Exta?. Text = txth.Texk
frment.CRtZota.TERtT = CNtEera. TaExt

frmemt.lbls. Captlion = lbla,Caption

frment.lblr.Caption = lbibh. Caption

frment.lblf.Captian = wal{lbla.Captlen) + (Val(lblb.Capkion] * Wal|bxtoets.Text)
frmesnt.lbltt . Caption = lbhlb.Captlian

frﬁﬁnt.thItl.EEptLun = VAl [Ermant.lblso . Caption} + Valllblb.Gagtion] * Val(txtzeta.T

frmont . H{lds 154



frmlreg = 4

& III‘HI

R L |

End Sub

Frivate Sub Form_Loady)

Olm miata B8 JTring

mdata = Bpp.fath & "/castlngl.,edb"
Dntnl1ﬂut.hn:uﬂnmn = miata

Me. Helght = 3000
¥e.Width = 12000
Ma.Top = 50
Me. Left = 50

Set mydb = CpanDatabase{bpp.Fath & "Soastingl"}
Zat myrp = mydb.dpenFecordaet {"select * from dataz where town="" & frmbownsel|cmbbown

Zet myalph = mydb.OpenRecordset ("select * from alph where Cown='" & frmbownsol.combbow

myrp. Mavelaat
Call showfialds

Set myrcs = mydo, OpanRecordset [("select count(n)as nossumitlas st,=sumi{t"2}as StLL, sum[xT

las =x,sumin®™xtias =ty from detax whers town="" & frmtownsal.cmbtowsn & "7

With myrs

1blt . Caption = !st

lblx Caption = |&x
lbltx:Caption = |Btx
leltr.Caption = |8t

nn = !no

1bln,Caption = nn

pt = Bt / [mo

P o= fgx [/ |no

b= [igty = [lng * pt = pal]) # [lstt = |lpo = (pt = 2}]
a = [px= [B *pEl)

ibla = Formatia;, "fixed®™)
iblb = Format(b; "fixed")
End With

With myalph
tuta.Text = myalph!alphal
twth.Text = myalphl!alpha?
CEbzata, Tedt = myalphlalpha3
End ‘With

taye = "selegt ryear,t. kb, (L. * xtlas X, [E"3)as TT from datax where town='" & fratowns

al.cmhbtown & *'"

Datal.Recordiourca = Tayo
Datal.Refresh
BEGridl.ReBind

End Sub

Sub showfieldsi|]
ibleguip:Caption = myrpleguip
Inlage Caption = myrpiage

Inleentre:Captian = myrpicentre

End Subp
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irmmaintdat — 1

Private Bub embbteown Click|]
Set mydb = OpenDatabase(App,Path & "/fecastingl™)

Set myrp = mydb.OpenRecordset "select * {from ttime")
With myrp
JFindFirst "town ='" & cEbtown.Text E *'7
IT¥ .HaMaktch = True Then
emdraf Click
cmdadd. Vislble = True
cmdupd, Yislble = False
Elsa
cmdupd , Visible = Tae
cmdadd. Viglibhlie = Falae
txbto.Taxt = myrp|pta
txttm.Texk = !pom
txttp.Text = lptp
Extwpl . Text = {pop
ExbwWp? . Texk = !plik
txewpd  Text = |ppes

txttor.Text = irto
txbtmr.Taxt = Irtm
tuttpr.Text = lrcp

tuiwrel.Taxt = |rop
Extwed, Text = lrlik
CHIWEY . Text = |rpas

THLtoo,Taxtc = |0OCO

txttme.Text = lotm

txctpo.Texk = lotp

Extwgl . Texe = Lgop

CHIWOZ. Taxt = falik
CHTwod.Text = bopes
End If

End With"

End Sub

Frivate Sub emdadd Clicki}
det mydb = Gpenbatabaae (App.Path & "foaacinglh)

Set myrs = mydb,OpenkBecordsst{"gelect = from ttime™)
1f cmbtown.Text = *" Then
MsgBox “eslect the town plesse”, wvbInformatlen
ambtawn. SetFocus
Exit -Sub
End If

With myrs
-Bddiaw
ltown = cmbbtown, Text
Iptg = Txtroe. Tewt
Iptm = tabbm. Text
Iptp = tHLLp, Temt
Ipop = txtwpl, Text
Ipiik = tEtwpd.Text

|ppEs = tEtwpd, Text

‘rto = tELtor., Text
lrem = txoomr. Text
lrtp = tuttpr, Text
‘rop = btueEwWwrl.Text
ITILE "= ExEwr2, Text
| g = LREWE3 ., TENE

b = tEECos, TEKL
{otm = CHTtmo, Text

lgtp = txREtpo. Text
lpop = bxtwol.Text %6
lelik = txtwed Text



frmmaintdat - 2

lapes = tatwod, Text

. .Dpdate "
End With

End  Sub

Private Sub emdcloss Click()

Unload Ma i

End Sub

Frivate Sub cmdref Click()
Extea, Tekk = ®F
tRbEtm. Text - ™"
txttp.Text = ="
txtwpl.Texg = ""
tatwpd . Texc = "
trtwpd . Taxt = "1

txttor, Text = "®
txttme. Texk el
LHTCpr. Text
txtwrl.Text
Extwr? . Text
txtwrd.Taxk

tHiboo . Tast = &4
ERETmo, Tagt = =7
Exttpo. Text = "%
txtwol.Text ks
txtwod, Text
EXEWo3I. Text = =

W
End Sub

Privare Sub emdupd Clickl)
Set mydbh = DpeEnlatabase [App.Path & "J:a;tingl"}
Ser myra = mydb. Openfecordset ("amlect * Frop ttime whers town='*" & cebtown.Toxg L "%

With myrs
- Bddk

'|_:|1:|:r - EwEEs.TELE
!pm = EDxLLE, Teat -
Iptp = tatip,Text
lpop = THCwpl,Text
iplik = Extwpd.Text

lppes = CHEWpd.Text

irtp = £xtror.Text
LrEm = tRttme, Text
Irtp = tRETpy, TEXE
lrop = ©tHLCwrl,Text
felik = Extwrd.Texkt
irpes = THLwrd.Text

fotp = Txttoo.Text
lotm = THLtmo, TaXt
lotp = txttpo,Text
lotg = Extwol,Text
lelik = tebwWod, Text
lopes = txtwed, Text

JUpdate
Erd With

End Sub

Frivate 5ob Form Load()
Me. Wideh = 12000

Me . Height = 7000

1%
S8t mydb = OpeanbDatabase (Bpp.Fath & "“/zastingl"| L



fremaintdat

= 3

Set myrt = mydo.OpenBecordset ("select ® from bown)

With myrt

If Hot EQOF Then .MoveLast

If Mot .BOF Then .Moverirat

for I = 0 To . Recordfount - 1

cebtown AddItem |!Hama}

crbtown. [ItembData |cmbtown , NewlIndex| = lno
THoveblext

Hoxk I
End With
End Sub

1&g



Ermmalntenance = 1

frivate Bub emdemi Cliek()

Set mydb = OpenDatabase (App.Path & "/oastingl™)

et myrt = mydb.OpenBecordeer ("select * from srare where rawn-'" i [rmtownsel . cobtown
STaxt & "0Y)

With myrt
n = lglphn
o= !pe
ko= g+ nl * 4 fal = 13}
" leln.Caption = k
1= 1blcl.Caption
b R o LR Y]

trmocomchart. lblorew, Caprtion = 1hlcl . Caption
frmeomohare . 1blEstal Capkion = j

End With

frmocomehart . Ehow

End Sub

Frivate ZSub cmdexs Click(]
Set midb = OpenbDatabase (App.Fath B "/castingl"]

Set myalp = mydb, CpenBecordset ("selogt ¢ from srate whera Lown='" & frmtownsel.cmbbew
M. Texe & =™

l1as = YWal |[txtle, Text]

my = Val{lblmti.Capeian)

met = Wal|twtmeok, Text)

EL = TREEE.Teib

If ef 51 @ ¥f <=0 Thean

MsgBox "FReview your Rellabilicy Fadctor!, vbInformation
txtri-Text = "*

txtrf. Setfogun

Exit Sub

Erd If

clock = 0!
ag = 0]
g o= (1]
tRisg = 0!

mal = 0
2 Lx = Bad{il}|
ar = cleck + (=1 fomu) = Leg(ix]
L] I = Bed | 113}
at = slock = (=1 / lam) * Log(ix)
- If a8t = &t Then GoTo. & Else GaTo 16

= i

TwWt = twt + ng * {at = clock)
clock = at
tna = tna + 1

If st = at Then GoTo 9 Else GoTo 10
[ I1f ing = 0) Then GoTo 17 Elae HGoTa 22
! clock = 5t
E tidt = tidt = fat - clock)
g clogk =.aE
C tna = tna + 1

g f glock * mct Then GoTo 15 Elss GoTo 3
22 EWt = twt + g * {5t - clock]
3 clock = st
b g = ng.- 1
15 i = RmcA{ |11}
gk = cleaek 4+ =1 / mu) % Log(ix}
25 if elock > met Then GaTd 15 Elam GoTo S
il fig =g o+ L
11 I1f g > mgl Then GoTa 12 Else GaTa 13

12 mgl = ng 149
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. Text &

tajeg = tnjeg + 1

IE elock > mek Then GoTa 15 Elsa GoTo: 4 !
Lisf = glock = tidt

tia = tisf & twt

arts = tisg ) tha

atdaf = cisf  tna

atig = Twk S tha

ateg = twk J emieq

poth = tiaf / clocok

lblawtl ;Caption = Formet (atig, "0.0000"]
nin = ¥al (lblta.Caption]

ono = Int({latiq ¢ nmy F ©f) + 1}
lblcl.Caption = ¢ho
With myalp

all = myalp!alpha

pp = myalplos

g = [ [pg + &l1l1] *enol
lblesize,Caption = g=

1blufl .Caption = Format [path, "0, 00007)
ibieit . Ception = Format|Bide, "fixedh)
lbleet Caption = Formet [Eisf; "Eisxed"}
lblewt .Capticon = Foarmat |[twt; "EFixed™)
Inlrhj.Caption = Farmet (Enjeq, =fixed")
inimjg.Capticn = Formet (mgl, "fixed™)
Iplely,Caption = Farmat [elosk, *fixad"}
End With

Efnd Zub

Private Sub omdeef Clicki{}
tutto. Text - "™
txctm.Text = "
THTTR.Tesgt = ""
tatwpl.Texy = &
tutwpd - Text = ""
Extwpd . FPaxt = 1A *

lbiawtl.Caption = %
1biel. . Caprian = ="

Ilufl . CAption = ="
Inleib.Captian ol
lolteb . Capticn
Abltwk . Caption
ibltnj.Caption
1elmjg.Capkicn
ieleliw. Capbion

-n
-n
-
=i
-

End Sub

Private Sob cmdtel Cillcki]
Set mydb = OpenDatabase (App.Fath & *Scastingl®)

Saz myrt = mydh_ﬂpqnﬁuqn;d:n:1":-1¢:t * from scate where town='" & frmtownsel.ombtown

With myzt
n = lalpha
p = ipe
k= ([p+mn]l * f(p+ 0] =13}
" Ihln.Capklon = Xk
1l = lblcl.Captipn
b DRI 1 R
femtodala, EXELAL .. Takt = j
End With
frmicals.cutorew.Text = lblol.Caption
frmtogls:txtrr.Text = lhlta.Caption
Ermtools. Extov, Text = lhlclv. Caption 190
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df = Valitdtmor.Text) , 52
femtoole, 1bldf. Caption = df
Ermroola, Hide "

trmspartarep. battief . Text = lbltet.Caption

Ermspartsrep-txtle . . Text = lblcl . Caption
frmapartasrep. txtmct , Text = tetmot ., Text
frmapartarap, Show

BEnd Sub

Frivate Sub Form_Load(]
Me Width = 12000
Me.Raight = BOOO

Eet mydb = CpenDatabaze(App.Path & "/fcastingl")
et myry = mydb.OpenRecordset |"salect maxiryearias ayo from datax wherm town='" & frm

townael .ombtown . Text & """}

With myry
¥ = myrcylayo
He.Caption = "HATHTENAMCE POLICY FORECAST FOBR '" & frmtownsel.cmbtown.Text &

i FPOR THE YERA™ £ " Toa Los 1

JTEXE &

.Text &

End With
End Sub

Frivate Sub optall Clieki)
emdraf Cligk

If Isflumeric|Extle Vexr] = Falze Then
HugBoy "Flease Erter Humeric values Onliy", vbEInformation
ExElE SerlEFacus
optpr.Valuge = Faloe
Exit Sub

Exnd IE
cmdref Click
framed,Caption = "Rll Operatlona"™ A
Bet mydb = Cpenbatabase (App.Path & *“/fcascingl®)
Z2et myra = mydb, Opanfecordses ("seleot * from ttime where town='*" § frmicwnsel.ombbtown

“III:I

Bet myrt = mydb.Upenfecordsst ("salect * from srate where town='% & frmtcwnsal.ombbowsn

nemjy
With myca

= myralpto

= myrsiptm

= myratptp

- myraloto

= myCslatm

= myratotp

myralpop

mycsiplik
my:slppna
mYES ! gop

myrslolik
myEsiopes

o Ll TGO RO DR
B H AN i

myrs!rte
= mycs!rtm
myrslrEp
= myTE|rop
= myrs!rlik
= mirslrpes

[E s W+ R B
i

txtlt.Text

H
i

/&
- 151
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Irmmalatanante = 4

den = (lan +Bn + conl S 3

lbltel . .Capeion = Formatidn, "0.0000")
ne = 1 / dn
With myrt
alph = myrt'slpha
P = myrtlps
ma = ma * (1 + [alph / pil

lblmtl,Capticn = Formati{ma, “fixad")

pa = Format(l / wma, "0.0000")

'lelufl . Caption = pa

wa = Formatipa / {ma — ({1 / 27) * I}], "0.0000™)
"lolawel.,Captlion = wa

ta = (g +4 *h+73) F86
th = (k'+ & = L +m) 7 &
te= g+ 4 *7 +5 &
Awp = b4
awt = th
aWn = to

SWpr = [aWwp + awr + awo) 3
lplta,Caption = Format (awpr, "O.0000"

End With

End With
Timerl.Interval = 500
End ESub

Brivate Sub cptover Clicki)
cmodref Click

Framed,Capricn = “Ovarhauling Cnly®
et mydb = OpenDetabaaelhpp.Path & "foestingl™)
fat myrs = mydb.OpenBedordset (Yaeleckt = from ttips where town='" & frmtownsal :cmbtown
Taak & 4y
fer @myst = mydb.OpenRecocdeet {"select* from srate where town='" & femtownsel, cabtown,
Teyxt & 77
With myra

trtbo, Text = myrslotd

txchm, Text = myrslatm

txtip. Text = myrslatp

txtupl. Text = myrs!aop

ExTwpd  Text = myratalil

Lxtwpd , Text = myralopas
End With

@ = (Malltxtto) + % * Valibxtom) + Yal (Sxttpl) f &

ibltel . Caption = Formatia; "O.00O0"})
e = 1 f &

Fith myrt

aliph = myct!lalpha

po=_myrtlpe
ma = na * {1+ [alph / pi)
End WlEh

Ibimtl Caption = Format{ma, "fimed")

pe = Format (I f wa; "Q.0000"}
'Iblufl.Caption = pa
Wa = Formatipa / {ma = {¢1 £ 27) ~ I}, "0.0000%)
'iklawtl.Caption = wa
ta = [(Velitwewpl) + 4 = Vallbtxewp2] 4 Valltxwbwp3l) / E
Ibica.Oaption = Foarmat (ta, =0,0000%)
dwp = ta
I1f wa <= awp Then
"1blel Caprtion = 1
Elsm
"lbicl. Caption = Round| (wa / awp], T0000Q00000")
Errd If
Timarl . Interval = 500
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End Sub

Frivate Bub optps Cliski]

cmdref Click

If TaWumericitxelt.Text] = Falsa Then

MagBox "Pleass Enkter Numeric walus Only™, vhInfosmation
txtlt.SZetFocus

optpr.Value = False

Exit Bub

End If
cmdref Click
FrameZ . Capticon = "Preventive and Owverhagling Coly"
st mydb = OpénDatebase (App.Path & "fcastingl®™)

=t myrs = mydb.OpenBecordast ("select *

~Taut & =*")

Eram Etime where town="" § frmiownsel ,cshtown

S=t myrt = mydb.0penfacordget ("select * from srate where town='" & frmigwnsal.csbtown

% B R |

R T S R Ol T e = )

on =

Elza

End IE

End With
End With

{ IR IO I O O N N

an = (g + 4. * b+l b
bn = [d + & * 5w+ ] ;B

alph = myrtialphs

=}

ith myrs

myrcsipto
myrsiptm
myrsiptp
myralioto
myrslotm
myralakp
myed D pap
myralplik
mYES | ppes
mycs | oop
myrEiglik
myes ! apes

ExElT.TeRE

{an + bm) £ 2

lblcel .Caprion = Format (dn, *0.0000%)
na =1 /dn
With myrt

= mypk fpe

ma = faa * (1 + lalph £ phl

Iblmel ., Caption = Format (ma,

pa = Format (I / ma,
*lbolufl .Caption = pa

"o 000" )

"fixed")

wa = Formet (pa J/ (ma - {(1 /7 27) * I}), "0.0000"|

"lolawk]l  Capticn = wa

d -
q -

awp = ta
awp = th

AWNPT = [awp + awr]

ledta.Caption

aAWD = L&

If wa <= awp Than
"inlel . Caption = 1

Format (awpr,

"L 0000M]

'Iblel Caption = Roundi {wa F awpp, "0000000000%)
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Timerl, Intecval = 50
End Sub

Private Sub optpe Click()
omdref Click

If£ IsHumeric(txtlt.Text) = Falss Then
MsgPox: "Please Enter Wumeric walue Cmly®, wbInfaormation
Extll  SetFécun
optpr  Valae = Falsa
Exic Sub
Bnd If
cmdref Click
FrameZ . Caption = "Preventive and Bepair Omly"
Set mydb = Opsplatabase|fpp. Path & " fosstingl”)
Set myra = mydb.OpsnRecordsst ["select * from ttlme wherse town="" & Prmtownsel.cmbtown
JTent &MY
Set myrt = mydb.OpenRecordast (fselect* from srate where town='" & frmtownssl.omiboown.
Text & "9°]
With myrs
& = mycs|pko
= myrs|pom
myrs!pLp
myrslrta
myrslrtm
myrslrEp
myr=s!pop
myrs!plik
myrs!ppes
myrateop
myrslelik
myrs! Tpas

Hr—x'Sad mE oa o

Bl L amdnn

-
i

Extit. Taxt

an = fa +4 *b+ ) /86
bn = |d+4 * &+ £} /&
gn = |an + b} / 2

Ibitel.Caption = Format [dn, "O.0Q000"]
" pa = 1/ 48

With myrt

alph = myutlalpha

p = myrtlpe

ma = ma * (I + {(alph / pl)

lblmcl.Caption = Format (ma, "fixed®™)

pa = formati{I / ma, *0,0000%)

'"1bfufl.Caption = pa

w3 = Foprmatipa ¢ (ma = ({1 / 23} = Iy}, "0,0000%)
"lblawrl,.Caption = wa

ta = fg+ 4 *h+q) /86
kb= [k 4+ 4 “) +m) 7V B

aWp = ta
awr = th

awpr = (awp # awg) f 2
Imlta.Caption = Formak (awpe, ""0.0000"]

BHp - %a
If wa <= awp Then
‘Lolol.Caption = 1

*lblcl . Caption = Round|iwa / awpl, “0G000G00%0=)

End With
194
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Text &
n.Texts

Toxt &

L

End Wlith

Timerl.Interval = 500
End Sub

Frivate Sub opipra Clicki)
emedref Cliek

Framed,.Caption = "Freventiwve Only™
fet mydk = Dpenbatabase (App.Fath & "/castingl®])
Bat myrs = mydb.OpenRecordset ("selegt * from ttime where town='" & frmtownsel cabtawWh

IIII'I:I

ek myslp = oydb.OpenBecordast (®selact * from srate where town='" & Ermiownsel . cmbtow
4 -III:,

Set myrt = mydbo.OpenRecordset {"select* from srate wWwhere town=*" & frmtownes=l,onbiowm.

1} I-'I

With myrs
txtto. Text = myrsipto
txttm.Text = myralptm
txbtp . Text = myrsiptp
trtwpl.Text = myrs!pop
trbkwp? . Text = myrsiplik
tatwpl,. Text = myrs!ppes

End. With

With myslp
31 = myalp!alpha
p = myalplpe

a = (Walitweoo) + 4 = Wallexttm) + Valitxtepl) 7 =

lbltel .Caption = Formaki{a, "Q.0000")
2y = Format (! / &, =0.0000™)

na = s * (1 + [al / ptl

cs = (p o+ A1)

With myrt

alph = myrtialpha

p = myrtipe !
ma = pE o 41l b [alph S plb

Ixlmtl . Capblen = Fofmat [ma, "fixed™)

e = Format (1 / ma, "0.0000%)

‘Iblufl.Caption = pa

wa = Fomat(pa / {ma — £{1 /271 = Thl, "0L0000%)
tiblawk]l .Caption = wa

ta = [Val [catwpl) + 4% Val ltxtwp2] + Val{txtwpd)) / &
lblta.Caption = Format (ta, *0.0000%)

awp = ta
12 wa <= awp Than
"1elcl . Caption = 1
Else
'"lbtol . .Caption = Round('(wa / awp), "O00S0000000=)
End If
End With
End With
Tim=rl.Intarval = 500

End Sub

Private Sub optrep Cligki)
cmdref Click

Eramad, Capticn = “REepalr Only"
Set mydb = OpenbDatabase (App.Fath & "/Sfcastlngl™)
Set myrs mydh.ﬂpanhu;nrdqntI“:lluct & from ttime wWhare town=a"'" L& [fomtiownael  cobbowh

Set myrt wmydn . Opeanfecordset ("selast® from srate whers btown="" & £rmbownsel.cmblioawn,

195
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Text

Taxt

&

&

With myrs

txtbo.Taxt = myrairta
THCEtm.Text = myrsirtm
tHctp, TERL = myrs!irtp
TREwWpl.Text = myralrop
CHIWpZ. Text = myralelik
THIWpd. Taxt = myrs!rpes

End With

a = (V¥alitxtto] + 4 * Val{txttm] + Valitxttp)l f 6

ipltel . Caption = Format{a, "O.0000%")
na = 1 / &

Hith myzrt

aiph = myrt!alpha

p = myrt!ipe

ma = s * {1 & {alph / pl])

End Wieh

El&es

Exnid

Lr

Ipimtl.Caption = Format (ma, "fimed®)

pa = Fermat(l / ma, "0.0000%]

'"1blufl.Caption = pa

wa = Formatilpa / [ma = [[1 # 23} = L[1p, "G.OOODD"}

"lblawtl.Caption = wa

ta = (val(txtwpl) « 4 * Val (Extwpd) + Valltxkoepdll 7 &
lpits,Caption = Formatita, “0,0000%)

AWR = L&

1{ wa <= awp Then

"Iblel Caption = 1

"I1hicl.Caption = Hound{iwa / swpl, *0C000000CO")

Timerl.Interval = 300

End

Sub

Frivate Sub pptra Cllok(]
cmedref Cliek

If IsWumsric{oxclt.Text} = False Then

MegBox "Pleasse Enter Wumeric walus Only", wvbInformaticn
txtlt.SetFoous -
optpr.Valde = False

Exi
Ernicd

t. Sub
it

emdref Clliek

FrameZ? . Captlon = "Repalr and Overhauling Only™

Set mydb = Cpenbatabase (fpo.Path & "Seastingl=)

Het myrs = mydb.OpenBecordset ({"salect * from Etime whers town='" & EmCownessl.ombtown
CTERE k)RR
Bat myrt = mydb OpenBecordset ["select® from srate where town="" & Lomboemsel , cobooun.

-

Vith myr=

3 & mieog b o O

on

= myrslcka
= myrs!rckm
= myrslirep
myre|cto
myILs | oTm
myrs!otp
myrcel rop
= myralelik
= myralrpes
= myrs!laop
= myrslolik
= myrslopes

| LI L |

= futls.Text

an = [ +« 4 * b 4
br o= [d + 4 * &
= [an + bny f &

al /6
£y /6

Iblewl . Caption = Format [dn, "O0.0000%)% 195
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ne = 1 / a

With myre
aiph = myrrialpha
p o= myrclpe
. ma = na * (1 + [alph / pli
End With
lolmtl . Caprion = Format (ma, “fixed®)
pa = Format (I / ma, "0.0000"]
'"1blufl . Caption = pa
wa = Format(pa / (ma - ([1 / 27} *# I)h, "B.0C00")
'lblawtl .Saption = wa

tka = [g+ 4 * h & 3] /B
th = (K 4+ 4 * 1 #m} / B

aWp = ta
awr = th

-AWpT = |awp + BWE] f 2
lplra.Captlion = Format [awpr, "0,0000%)

SWp = Lta

1f wa == awp Then

"lbdlcl Captign = %
I=a

™

‘lbicl,Caption = Roundiiwa J awpi, "0000000000")
nd If

End With

Timerl,Interval = 500
End Sub

Private Sub Timerl Timeri)
Timerl.Interval =

omiaxe Cllok

End Suib
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Private Zub omdesst Clicki)
frmtocle.teele. Text = 1hltic,Ception

: frmtonla.txitle. Test = 1nltkl.Captlan
frmtoole txiciaf, Texr = lblost.Caption
frmtools; thtefr.Text = txtefr.Text
fratools.trtemc. Tant = txtemc. Text

Iembaols . Show
Unlaad He
End Sub

Frivate Sub cmdrel Clicki{]
iblurate. Caption = ™"
iblerate.Capklon = =F
ipltic. Caption = "H
ibltwt.Caption = "
Iblmig = =™
Ibleny . Capelon = ™n
1blused.Captioy = "M
iblegle.Caption = =

1bloz.Caption = “*
lblpog.Laptlion = "™

lbltic.Capkion = ™"
End Sub

Private Sub Form Los(]

Me.Height = 6300
Ma.Wideh = 2000
M, Tep = 100
Me.Lefr = 0 !
Fat mydh = Cpanbatabase (Bpp.Parh & "/feoaastinglh)

"Sat myras = mydb.OpenRecordset|{"aelect * from town wherse town='" & Crmtownssl.amntown

(Text & "rw)

Zer myrp = mydb.OpenBecordset [("selact * from spear™) 4

Set myry = mydb.OpanBecordset [®select max{ryearias ayo fram datax where town="" & fm

townsel .cmbtown.Text & =F")

With myry

T = mycylayo

He.Caption = "BFARE FART IHVENTORY OHIT PR '" & frmtownssl.cmiptown,Text & "
TOR- THE YEARM & "™ E ¥ #1

End With

oy Errar GoTo out
"With myrs
*If Haot .EOF Then .Movelast
'If Hat .BOF Then .MoveFirst
cmbtown., Text = "7 § fomtowns=]l . cmbEown.Texs & "
'For I = 0 To BecordCount = 1
‘ombtown . AddItem | [Mame)
‘embtown. [tembata lombtown ., MewIndex] = |no
Y Mowaiext
'"Maxt 1
‘End With

With myrp

If Hat .ECQF Then .Movelast

If Hat .BOF Then .MoveFizzt

cmbpact . Text = !part

For p = 0 To .RecordCount — 1
cmbpart . Addltem | !part)

cmbparct, [tembData (cmbpart . WewlIndex) = [no
Movebadt

Hext p

End With 198
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0
=
¥
ar
E

End Suobo
Private Sub optall Clieki)
Set mydb = OpenDatabase (App.Path & "“feastingl")

Sat myra = mydb.OpenRecordset(Maelear | (preventived.yrrepaired, wrovarnaulingd. <y 1

¥, | ipreventived. yrrepaired. y+overhanlingd. vl f3las vy, ((pceventlved, prrepaired. provarhanll
dopl f3)as pp, | |preventived, c+repaired, craparnaulingd. ) /31aa oo | (prevantlved, rerepalead, £e
erfaslingd.r)/3las rr from preventived, repalred,ovechauwllingd wWwhers preventived.town='" & o
own, Tagt & "' and preventived. parc="" & cmbpart,.Text & " and repajred,coun='" § cobtown. T
L "' and repsired.part="" & cmbpart.Text & "' and overHaulingd.,town='" & orbtoun,Text § *°
nd gverhaclingd.part='" & ombpart.Text & "°")
emdref Click

on Error SoTo err

With myrs

a = myrsixs

‘b= myrs!yy

p o= myrslpp

g = myrsloo

m = myr§!|rT

g = trtle, Tawt

1am = §
M = B
mot o= Yal (EEtmob. Text)

aloch = 0l

At = !

g = 3!

tnjeg = O

twr = 0!

tidt = !

Eng = 3

mgl o= 0
3 ix = Rodi (1)1

st = glogk + =1 f mu) * Logfix)
q i o= RApAT(1]])

3T = oloek & [=% f lam} * Logiixl
5 1f =t »= At Theh GoTo & Else GoTo 16
& Lk = EwkE 4 ng * (At - clock}
3 glock = at

tna = tna + 1
B If Bt = aC Then GoTo 9 Else GoTo 10
14 If Ing = ) Then So6Te 17 Else GoTa 22
17 clock = .3t .
1w eldt = pidt &+ [(aE - cloack]
iq clock = gt
el ina = tna + I
g if zlock » mob Then GoTo 15 Elsas OaTo 2
22 TWL = LWt + ng T i3t = elack)
&3 clock = gt
a4 ng = nag - 1
Pl LE = Bad{il1l]]

gt = olock & {=1'/ mu) * Laglix)
ib If plock > mot Then GoTe IS5 Elss GaTo 3
1a ng = mg + 1
11 if pg > mgl Then GaTe 12 Elae GaTo 13
i3 ngl = ng
13 thaeg = tnipg + 1
14 iT olock » pot Then GoTo 1% Else SoTo §
13 tlaf = glock - tidt

tle = ciaf « bWk

atls = eis / bns

arigf = =iaf [/ kns

arig = twk / toa

ateqg = twk [ Enjeg

path = ftisf f elock

ff = matk-f 53

9u

tost = tidt S fF
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tst = fclogk - cidt] / ££

mns = mgl
LRg = Enjeg
o= [ [EAS = mAsy * 32| 4 (reb = £F)
¥4 = [glook * Y} ¢ (&t * (D7

Hug = [ [ *m *'d = ¥ 4 | =m)* 3 /2]
Hy = =1'+* Tat|=Hut)

"tog = d: T Nu

Had = [([& *p *d * ¥4 / g +m]) & (14 2]
"ENod = g8 * Mud

ng = f{d * (=1 * Imt{=Y11) / Hu

nog = jd = §{=1 = Inci=¥4y}] / Huad
otp = t8t / mo

g = txttisf . Texe

tigp = g f £f

tiegg = ¥alifwtrist.Text)
lblet.Capricn = Formati{tiap, "fimed")

lblono.Caption = Hu
"INod=ink (Mud ) +1

iblekps.Caption = Formabl{obp, =fixad"}
lbinpp,Caption = na.
If tigp <= tisg Then
ggt = Cisp
lpleer . Caption = Format|egt, “Cixed")
El=alf tisg < tisp Than
agt = tisg
ibklopt  Capticn = Format [egty “flxsd™)
End If

Iblurate.Caption = Posmak (a8, "Eixed")
ipldrate.Caption = Focmak (b, "Eimed"})
ipltie , Caprion = Formsat |[Eosde, "lixed”)
ibltwk,Capcien = Format[Est, “Iixsed"|
iplmig = Format{mne, “"fixed"™]
ibltnj.Caption = Format|tna, "Eixsd"} =
lplysed . Caprliéan = (=1 * Int|-Y}]]
llelv. Caption = Formak [clogk: "Eixed"™]
E.= (po*d ® W) He
5= (Hd * g *m] /2
td = (g *d = ¥4) J Mud
5 = (Mud * g * m} F 2
Ioltti Caption = Format ([cd + 84), "Eimed"™)
leleo.Captlen = Formatit, "fixed"}
Iblce,. Captlen = Formatis, "Elxed")
Iltic;Caption = Formab (it + &) "Eixed")
1bltoc;Caption = Formakt(td, "fixed"|
ibltee.Caption = Formak (ad, "fixed"]
End With

arc:

End Sub

Frivate Sub optover Click()
Sat mydb & Openidatabase|App.Ffath & Y/ocastingl®)
Bet myrs = mydp OpenRecordset (“select * from averhaudlingd whare town='" & cmbtiwh,Tes
t & *.and part="" § cmbpart.Textc & "'7|
cmdref Ciick
On Erfor 5aTo et
Hith myes
& = yEsll
B = myre!Y
p = myrslp
& = myrsle
m = myrs!c
d= ExXElf.Text 200
lam = 5



fromspartscep — 4

el ol el = =4 i (5] =
L TR [+ =N -

= bk F ol BRSPS Gl B =
Lad Pl b=F O LU R TR K

b
LI =

ma -
=Bot

cloc
ab =

4]
= VaLl{LXemoT . Text]

ko= 0
o1

ng = 0

cnie
Ewt
LA
Ehs
mgl

g = {f

= 0l

-l

= 1

=0

Ix o= Bodifl])

gt = glosk = (=1 / mu| * Logilx)

i = BEnd{il]]

ac. = clock ¥ (=1 / lam] * Logliux]

trna

If st >»= at Then GoTao & Elss GoTo 16

Wt = tWE + ng * [at - sloak]

clock = &t

= tna + I

If ‘8t = at Then GoTe 2 Elss GaTo 10
If (ng = 0O} Then GoTo 17 Elas GoTo 22
alpek = at

Eldt = tidt # [at = cblack)

clock = at

tna = tna: + 1

If clack > mot Then GoTo 15 Else GoTo
Wk = twt o+ ng * [sC = olodk}

clock = FE

ng = pg —'1

ix = Badi{qyly)

gk = plock + -1 f ma] * Loglix)

CAG
T o=
T

Hutg
“tnu

Hud
LR 1]

nio4

IF eloack > mek Then GaTa 15 Elss GoTo
ng = ng = 1

IfT na > mql Then GoTo 12 -Else GoTo 13
mgl = g i

thieq = tnjeg + 1

Tf clack > met Then GoTo: 15 Else SoTo
Eisf = =lack — tidt

tla = tiaf 4+ kwk

af1a = tig ¢/ Tna

gbisf = tisf / Ena

grlg = twt / tna

Ated. = Ewe .S tyed

poth = tisf / olock

Ef = mck ¢ 532

toat = fldt J  £f

tat = [glock = tidey f EF

miE = =ql

- Tnleq

{ltne - mnal = %2| / ltat = ff
tclogk *'¥] J/ L8k

- [[Zep=d*% fije*m] ~ (1§ 2)
Wy = =1 * Inkti=-Huat]

= d = Hu
m LR e g die YA] A e a1

4 =4 * Hud
e = fd * [-F * InE{=Y11) ¢ Hao
= [d * [=1 = Tpci=¥a)i] & Hud

atp
g =

= tgt [ na
txtrist.Text

cing = g FE
Elﬂ-q - Na] (Exttisf Texk)

lbls

L.C0apticn = Format |cisp, "Liged")

lblong.Caption = Hy

'Thiua

d=ink (Mud)+]

24

2



frasparterap -5

lelotpa.Capbion = Formatioctp, “fixed"]
lblnpp.Caption = na
If tisp <= tisg Then
egt = tisp
lbolopet.Caption = Formatlegt, "Cfinad™)
Elseif tisg < tiap Then
mgt = ting
Inlost. Capelon = Format (egt, "Elxed™)
End IF

lblurate . Caption = Format (s, "Efiwed™)
1blerate . Caprion = Formatib, “fixed®]
lbleit.Caption = Format (tost: "fixed")
lblewt Caption = Format (tst, "fixed®]
1b1m g = Farmakt(mns, "Fixed"}
lhltnj.fepthn = Farmak (tns, "fised™|
1blused.Caption = =1 * Taki=Y¥))
1bleliv.Caprion = Farmat (clock, "Elxed")
T o=dp*d*¥ foHaE
g = 4HOUT * o = m) /. 2
td = (p=d = %43 4 wud
sd = [(Fud = o = m) F£.2
Lbltti.ﬂ&ptiun = Pormakt((td + 5d}, "Ffixed™)
Ibloe, Caption = Format |k, "Eisx=d™]
InleciCapkion = Formatis, "fimed®|
Iplels Caprtion = Formak((& + 8], "fixed")
Ibltoc.Captign = Formakb(td, WES g™
Ibltoc . Caption = Formatisd, "Fized")
End With

i o e

End -Sub

Frivace Huo optpo Click(|
Set mydbh = Qpenlatabase (App.Path & "fcastingl™)
Set myrd = mydb.OpenBacordset ("eeleot | (preventlived.x+overhaulingd.x|/2las =x; | (preve
ntived.ytoverhaolingd.y) /21as yy, | (preventived.p+overhaulingd.p) /2)as pp, {(preaventived.ctaver
hawlingd,c)/2jas co; [{preventived.r+overhaulingd.r) /2l as ©rr £rom preventived, averhaulingd whe
re prevantived.fows="" &8 cmbtoen.Text & "' -and preventived.part="" & cmbpart.Texk & "' and oy
grhaulingd. town="""§ cmbtosn.Text & *' and averhaullngd.park="" L ombpare.Texk 4 "1"7)
cmdeal Click
On BErrof GoTo erc
Rith myrs

= MyTHE K%

= myrslyy

= myrs|pp

=- myrsloc

= MyLE!EL

d = frblt.Text

lam = a

me = b

mot o= Yal (titmet, Text)

2 o'l oe

clock = &1

atr = !

ng = 0}

Lnjqq = gl

twe = 0!

tidt = Q|

tna- = ]

mgi = 0
3 1x = Bndi{111

85 = cloek -+ =k 5 mod * LEaglix)
q ix = ®adi{il]) )
FC = clock » [=1 F lam} * Legllu)

If s = at Then GoTo o Elze GoTe 18

=

tWE = et + mg * (Bt - cloch)

zlock = at
tna = tha 4+ 1
I8 =t = .at Then GoTo 9 Else GoTo 1O
If g = @) Then GoTo 17 Else GoTao 22
2lok = “BE

[ el gl = | |
-2 B
=
L1

ELLES



frmaspariprep = 6

ig

19
20
o

22
23
24
2%

il
in
11
14
11

14
15

tidt = tidk + [&t - clock)

clock = at
tna-= tna = 1 )
If clock > mot Then GoTo 15 Else GoTo 3
Twt = tWit + ng * (8t - clock}
clogk = Bt
ng = g — 1
tx = Fod{ {1}
st = glock + 1-1 / mu) = Legiix)
If clock * mot Then GeTe 15 Else GaTo 5
ng = mg '+ 1
If ng > mgl Then GoTo 12 Else GaTe 13
mal = ng
tnjeg = tnjeg + 1

1f gloak > met Then 5o0To 15 Else GoTo 4
tisf = glogk - tidt

tig = gisgd + wt

Ati= = Eis F tna

atisf = tiaf !/ tna

atlg = &twt f toa

ateq = twt [/ tnjeg

potk = tisf / elock

ff = mok V52

tost = fidt & £f

tat = [(clock = £ide} & £

mns = mgl
tna = tnjeq
o jdtne = maaf = 53 f |est *~ f£f)
T = relook Y YR OOERE

Hut = (2 aom did.e W0 o oe gy N OC-SORY
My = =1 % Iptf=Nut)

"tho = d = Ku

Hog = || 8o g &gy o *omyp * JL% 23
"tHud =.d * Hu4

no = (e * (=1 * Inet=Y¥]1} / Hu

nod = (g * (-1 * Inc(-¥4})1) / Hud
gbp = LEL / mno

g = txttisf, Text

timp = g Ff

tiag = Yal [extbtizE. Texk)

lblet. Captlon = Format{tisp, "fzxed™)

IElono.Caption = Mu
"THua=int (Mg )+1

lelotpe, Caption = Fomomat (otp, "Eixed')
Iolopp.Saption = no
If tisp <= tisg Thean
gt = tinpg
ibloet . Caprtian = ?urmﬂ:irgt. TErwed™)
Eigelf tilag < tisp Then
BHt = bizg
iblost Caprlion = Format (egb, "fimed™)
nd IE

iblvrate.Caption = Format|a, "£ixed™]
iblsrate.Caption = Format b, "fixed®]
lbltit Caption = Format(tost, "Eixed™)
lplewt .Caption = Foromat itst, “fimaa™)
ibl=jg = Format |lmns, "fixed")
lblenj.Caption = Format{tns, “rixed"|
thiused.Caption = (-} * InEi{=%¥]) )
thlelv.Captien = Format|dlochk; "Efixed®)
£ = jp=d = %) & MuE

o= [Wat * g *mj 2

td = {p* d* ¥4} 7 Wod LR



frmsparcerap = T

md w (Wl * c*®m] JOE

laltti. . Caption = Format{{td 4+ =4}, "Tixed™)
lples.Caption = FParmacie, “Eiwed") .
Ibles.Caption = Formabis, "Fixed"}
ibltic.Caption = Format|it + s}, “figed")
lpltoc.Captlon = Format|(td, "fimed®]
1bltoe . Caption = Format{sd, "fixed"]

End With
are!

End Sub

Prlvate Sub eptpr Jliek|)
Zgc mydb = Dpenbatabsse [App, Path & Y/pascingli®)
Set myrs = mydb,DpenRecordset(“select | (preventived.xt+tropairedix]2}an fx, | |pceventiv
ed:y¥rropaited. v/ 21E8 vy, | (preventived ptoepaired.p) /21as pp, | (preventdived. ceérepalred. o) /2) a5
co, | (preventived r+repaired.x) f/2)as rr from preventived, repaired whers preventived, town=°" &
embrown . Texk & "' apd prevenkived.part="'" k csbpart.Text & ' and repalred.town="" & cmbtown
JTexk & ™' and repaired paft="" & cabpart.Texr & "'}
amdraf Cllek
On Error GoTe err
With myzs
= myrs|x=
= myrs ]y
= myrs!pp
= myrslos
= myrs|rr
4 = tHblt.Text
lam = &
m =h
mot = Val [txtmot Text|

I nmoOE

clook = 0
at = 4|
ng = 1
tnieg = 0}
twr = 0
tidc = @t
Log = 1
mal = 0
3 Ix = Apdigl}]
g = glock + =1 f mu) * Logiix) .
L ix = Fndkl{l)}
at = glock + -1 / lam) * Log(ix)
g 1f st »= st Then GoTo & Else GoTo 16

G twht = twt + ng * [at - clogk]
T clogk =at
tna = toma + 1

g I1f st = at Then GoTo 9. Else GoTo 10
1d 1f i{rg = 0] Then GoTo 17 Else Golo 2
1T clook = 5t
18 tidk = [idE + lat — clogk]
L | clock = at
=0 EpE = TrAs = -1
] If clock > mot Then GoTo 15 Elas GoTo 3
2 twt = twh + mg * (8t - Tlock)
2 alock =5t
24 ng =mng - 1
Z5 ix = RBnd|{1}]
st =.2logk 4+ 4-1 ¢ may " Loglix)
ik If clock » mct Then GoTo 15 Else GoTo 5
14 ng = ng « 1
13 If ng > mgl Then GoTa 12 ElLae. 3aTa 13
12 ml = fg
3 e = -ERYegq 42
| If clock » moct Thes GaTo 15 Else= GaTo {
=1l [~

= =lagek = Eide

tlg = Eiaf 4 CWE i
atis = cia S tna

atist = tisf / tha



frmepartarep - 8

b
e
(2]

atig = twt Jotna
ateg = twt / tnieg
path = viaf / elock
£r = mot f 52

tost = tidr S ff

+tst = [clock — tidt) ! £

mns = mgl
EnE = Enjeq
¥ = ({ltns = mnad * S2] F g5t = -Ef)
¥4 = (glogk = Y1 / 1=t

Mok = FLE * mow gos-y] foleiv w]l) = (LR
Wy = =1 * Ink[=Hut]

- R - R 1]

Fad = {2 * g% doF ) S e emYy & T2
"tHud = d * Husd

rg-= Rl -k * Inti=X]1}
ppd = {d = [-1 * Ine{-Y4)}
obp = t4t f ng

g = trttisf Text

tiap = g fEFf

cisg = Yalitsorial.Text)
Inler,Caption = Format [clsp, “fixed"}

f Hu
1

114 Mud

iolong; Capticn = Ha
THudt=int (Hudl+]

lblatpa . Caption = Format{otp, "Eised"|
lplfpp.Capilon = o
I viap <= tisg Than
agt = Clap
Iblose .CapEisn = Farmat [#ge, “Elxeal)
ElasTF bidq € Rlsp Then
got = ©iag '
lbloss . Capkion = Format {egt, ""Elwed")
End Ir

lbiucate, Caption = Formakt (g, "fixmed")
Ipisrara. . Capticn = Formatb (b, “[lxsad"]
lpltlt  Capkion = Format [bose, =flwed™)
lbltwt .Caption = Format (bat, “Eizad"]
telmig = Format (mnms, “fiwed®)
ibltnj.Caption = Tormat (tny, "fixoa"]
lElused.Caption = |-1 * Int(-¥}]
lelalv.Capbian’ = Format (clock, *fixcd®]

t o= (p* d* ¥y SoHut

= = [Nuk * & * m] 'f 2

£ = g v Y] S Rad

sd = [Hud * o *'m) F.2

ibltti.Caption = Formak([ed & =41, =Eized?]
Iploc: Caption = Format{t, "fisxedg™)
lblee.Captlopn = Format (s, "fiwsad™)
1blEle. Caption = Formak{(t + a),; "Lixed®]
ibltos, Caption = Formacit4, "fixad")
lblece.Capticn = Formacdisd, "“Lixsd")

End Wich

bEng Sub

Private Lub uptprz_ﬂlithlj
Sat mydbh = OpenDatapass (App.Path & “fcastingl®™)

Bst myrs = mydh, OpanRecordsat(aselaot * from preverntived whore tawn='

& MY and parc="" L cmbpart,Text & V')

cmdraf Click

Gy EXror GoTd arr

With myrs

= myralX

= miralY

= myrd g Rl
= miyrale

Aa e e

E cabTawn, TaRt



{rmapacriscap — 3

Lot

L

L T E]

Fd Ba B el el Ry e

Lo gl g

B et e
(IR

gt
ar

Moo= myrsis
o = THTlf.Text
lam = 3
mg = b
mct = Val (tetmgt.Taxtl

clock = 0

b = 0O}

ng = 0!

tnieg = O

twt = [H

tide = Q]

thg = 1

mgl = 0
Aw = Bad((11)

st = cleck + (-1 / ma} = Log(ix)
iw-= BAad[|L]}

atr = clogk + (=1 / lam} * Logi{ixk}
TE st »= at Then GoTo & Else ¢oTo 16

twt = twt + pg * [at - olock)
clook = at

tna = tpa + 1
I1f st = at Then GoTo % Else GoTo 10
1£ |ng = &} Then GoTo 1T Else GoTo 22
clogk = 5t
cigg = Tidt + [8t.— oclegk)

clock = @t
tha = tna + 1
If clogk > met Than GoTo 1% Elae GoTo 3
Ewt = twt + ng * {8t = clogk]
clock = Bg
ng = ngo- 1
iw = Bodif113
at = ciogk + [=1 M mol * Log{lix]
If =loch » mct Then GoTe 15 Elas GaTa b
By = pg 4oL !
If ng = mgl Than GaTe 1F Eless BaTo 13
=gl = mg
tnieg = tnjeg + 1

If alock > met Then GoTo-l5 Elss EaTo 4
tief = plock - pide

Lils = ®2iaf & owt

atis = tis / tna

STiEf = tisf [/ tpa

sStiq = Ewt / Ena

2tag = Ewt. S Enjen

poth = Bisf f plogk

ff =mgt /5P

tast = 4idt & ff

et = jologk — Eidt] ./ £L

mng = mgl
tnd-—= tojeq
¥ o= {i{tns - mmal * 52% F [(kst * ££)
14 = jelock ¥ ¥ F oEax ;

fhut = {2 *p ~d* ¥ g *al) ~ 4L M2
g = =1 % Iac{=Huts

“Enb o= g * Hu

Huf = [ *'p =0 * Y4] L e *mm)] ° (1.4 2]
ERUd = o * Hizd

o o= g * =L = Tab{=XY}]) o M

pod = (@ (=1 o Inte¥aThl o Hed

gtp = tst /. TiO

i = txtbtraf Telt

risp = g 7 EF

tigg = ValiTertiaf. Text] iy
iplet.Capticn = Format (Eiap, “fixed";



[rmaparksrep — 1O

Iblone.Captlian = Ma
PIMud=Lat (hud )+l

lplotpo.Caprion = Formatotp, "Lixed")
leinpp.Caption = no
If tisp <= tisg Then
wgt = tisp
lBloet.Capticn = Format [egt, "Eixed"™)
Elself tisg < ciap Then

gt = tiag
iblost Caption = Format (egt, "fixed®)
End. Tf

lplurate.Capticon = Formatia, "fixed®)
lplgrate, Caption = Fermatib, "flxsd®)
loleit.Caption = Format [tasts "fixed")
lblewt .Capzion = Formatlest, "fixsd®™)
1bimig = Formatimns, “fized"|
lbleni . .Caption = Formatitns, "fizsd®)
lblosed. Caption = (=1 * Int'(-%)})
lelelv.Caption = Format{clock, "Eixed")
= {pvd oy et
x-= Mgk e g gy AR
g o= tp v d = Y41 S Hud
5 = {Hud * o * m) f I
IolteiiCaption = Format{itd + 54}, "Eixmd")
ibloc.Caption = Formatit, “fixad"|
inlocc.Caption = Formatis, “fixed")
Ibltio Caption = Format{i{t + &), “"fixed"}
1bltod Caption = Format(td, "fixed®)
lbltce . Caption = Fomat (54, "fimed"™]
End With

BT}

End Sub

Private Bub optrep Clicki)
Sat mydls = Openbatabase (App.Path & "foastingl®)
Set myrs = mydb.OpenBecordset ["select * from regaired wheres tawn='" & cmbtown.Text &
1 grd part="" L cmbpart,Text & "'%]
craref Click
O Error SoTo err

With 'myta
4 = myEs Y
b= myrslY
p o= myrsip
o o= myrele
m o= Myrslr
o= tytle.Tedt
lgm = &
mo = b

met = Valltutmot. Text]

clagk = Q]

ag = 0!

ng = 0O

tijeg = @l

twt = (1!

ELgt = L}

tha = |

mgi = 0
1w = Fpdi(l])

st = clock. # (=1 £ mol = Loglix)

] Lm = Bndi(1]]

af = gipsk e (=1  lam} * Log|ix)
It a¢ »= 3¢ Then BoTo & Elpe GoTo 1€

fad

&

& twt = twt + ng * [at - clock)
clock = at
Cha = tha + 1
B If st = at Then GoTo 5 Else GaTo LU 207
LB £f Img = 0) Then Go¥o 17 Else GoTo 22
i cloek = a8t

.

-4



frmspartsrap = 11

18 tidt = tadt + fat — clock)
14 clogk = at
20 knad = tma + 1
3 If glogk > mect Then GoTo 15 Elsea GoTo 3
22 Ewt = twt 4 ng * |8t — glock]
23 cloak = &r
24 ng = ng = 1
25 im = Bndf (i1}
5t = clock + (-1 / ma) = Logiix}
6 1f clock »> met Then GoTe 15 Elsa GoTo:-S
10 ng = og + 1
11 1 § ng = mggl Then GoTo 12 Else GoeTa 13
12 mal = fg
13 tnieg = tnjeg + 1
14 If glack » mct Then GoTo 15 Else GaTo £
th Elaf = gliack = kide

Elg = Eig¥ & EwE
atls = tls / tna
gtiaf = gisf ( Ethna
abig = ©Wwt f tna
ateg = twt S o bnjag
path = tisf [/ clock
ff = mot S 52

toet = -tigk £ EE

tst = (clock - cidi) / f£f

mns = mgl
tns = tpieyg
¥ = [{tos — mnae) * 53] £ iEsc =fF
Y4 = {clogk = ¥ § tat

Mo = ({2 % ¥ g * % fode =mp] = (10 2)
Hu = =1 = THk |[=Mut]

"Engo= g ¥ Ha

N = [ * Y dor YRS A )™ LR SSED
CEMLE = * Mg

no = {d * 4-1L = Int|-i}])
pod-= {gd = {=1 = Ipt{-Y¥41)
otp = E5t 4 na

o = txtlsf.Text

tisp = g [/ £f

tisg = ¥al (txttisf-Text|
lblet  Capticn = Format [tisp, “TixedY)

A Mg
b8 Hat

Lbleho,Caption = Hua
"IHgd=fine {Wad) +1

iblotpo.Caption = Formac{otp, "fimed™]
Iolnpp.Caption = ng
If tisp <= tisg Then
egt = tisgp
loloet . Caption = Format{egt, “fixed")
Elself tisg < tlep Then
agt = tiag
Ihlopet . Capfion = Format (egk, "fised"|
Ena IF

ibldrate.Caption: = Format (a, “fixed"]
ZhL!rute.Clpthn = Format b, *Eimed"|
1Bnltie . Caption = Formatitnst, "fixed®)
Ibltwr, Capcicn = Formaci{tat, “fixed")
lBimig = Format lmns; "flixed™)
lbltnj.Caption = Format{tns, "fixad")
llused Caption = [=1 = Ine{-¥])
Ibloiy.Capkion = Format{glock, "fixed®™)
TR A - L - S, R A (L

B o= (Wok * & * m] S Z

tf = [p =4 = ¥4} ¢ Hud ElL



frmapactacep — 12

BT

End Sub

Frivace

g4 = {Mud * g * m) S 2

lplecl Caption = Formak{(td 4 a4}, "Eigad")
leloe. Captlon = Pormat(t, “figed"|
lblee.Caption = Format|s, =fisxed")
ilrie.Caption = Formatl(t + a], "fixsd"|
Initoo, Caption = Formatit4, "Eimed"™)
lbltco.Caption = Formatis4, "fixad")

End With

Sub oprro_Click(}

St mydb = Cpenbatabase (App.Path & “Scastingl]

ek myrs = mydbh.OpenRechrdsen{"saleck

cum, Tast & ®' and overhaulingd.part='% & cmbpart.Text & "'%|

15
i

20

cmeref Tlick

8 onm o
i Hu

0On Errar GoTo err
With myrs

= myrs!an
myralyy
Y Es Lop
myrnlics
myrslec

d = tutif.Toxt

jfdm = @&
m = b

mek = Val lbskbtmot . Tesk)

clock =
at =01
ng = 0!
tnjeg =

Ewk = ]

al

it

tidt = 5l

ths = ]
mgl = 0

i = Bnd({[3]]
at = plack & (-1 / Bu) * Logiix)

i% =

Rnd i (1]

at = glogk + (-1 /& lam} * Logiix|
If st == at Then GoTeo & Else GoTo 14

= g o

= twt + pg * (ak - clock)

clock = at

tra = tpa 4 3

If 8t = at Then GoTa % Elese GoTo 1
If fng = @) Then GaTe 1T Elee GoTo 22
clook = At

tidt- = tidt + {akt = clock)

clock = at

tna

= tha + 1

If clock > mect Thep GaTa 15 Else GoTo 3

Ewk

= EWE # Ag * st - pleck)

zlook = 4
ag = fag = 1
1% = Bnd[ (1)}
sg = plack + |=1 f mu)] * Leglix)
If clock > mck Then SoTo 15 Elss SaTo 5
fag = fag+ 1
I1£ ng = mgl Thean GoTo 12 Els= &G4To 13

-
moe

-'nq

knjeg = tnjqq + 1

If plock > mot Then GoTo 15 Else EaTe d
claf = gleck - ctide

Els8

- tief + bk ]

atis = ¢ie / tna

[{repaired, s+overnjulingd. =] /21as wi,. | {repaicer
Cyroverhaullngd. @) f2]aa vy, f (cepalred.proverhaullingd . pl f2as pp, ((repaleed, ctoverhadlingd.ai,
2hag oo, ((repalred. seoveshsnlingd.r) /2)as rr from repaired overhaulingd whers cepaired.town='
"k ombtown.Text & ""and repaired.part='" & ocmbpasrt.Tewt & "' and overhaulingd.town="" & cmbdt



iTmaparcsiep = 13

atisf = tisf / tna
atig = twt / tna
ateq = twk [/ tnjeag
poth = tlsf /. aloak
£f = mct f 52

tost = tidt f FF

EEC = [(elgek = kide)y f IL

#ns = mgl
tns = tnjeq
¥ ow [fths —-mns) * 53] 4 (tat * FE}
Y4 = |&look * YY) F tak

Muk = 402 s 8 4 & ) 0 g ¥gly v o] A 2)
by = <=3 * Lot [-Hot]

& = o * Hy

Mud = ({2 = g o*'d & YAy S ofgoe @)y (104 2
"tHod = d = pHud

ao = [d = {=1 = Inti{=¥)1}} 4 Hua

nod = Jd = [=1 = Int|=-Y4})) / mud
agtp = tet F ne

g= txttisf.Taxt

Eisp = gy £

Lisq = Wal |[Ewteclsafl. Texk]
lplet.Captlon = Formacitiap, "Eixaedh]

lelono . Captlon = Hu
'THud=int (NG44 ) +1

lblotpe.Caption = Foamat ietp; "Eixed™)
lBinpp.Caption = no
If vigp <= Erag Then
gt = tizp
lbloec.Caption = Formatjegt, “fixed"|
Hls=lf tisg < Tisg Then
egt = TlLRg
lblost Caprlon = Formatjegk, =fimed”]
gnd TE

lblurate.Captlion = Farmatia, "fixed™)
lblgrate.Capclion = Formatib, "flxsd"™)
ibltit, Caption = Format (tost, "Elaed")
thltwe . Caption = Formaritst, TEiwsd™)
lalmijg = Foitmatimna, "fixedh)
loltnj . Caption = Formatitns, =fised®)
Ipluged,. Captian = [=1 % Ink(=¥])

Iblely, Caprion = Formas (clack, "Elied")
t=[p *d* ¥ £ HE

§ = [Hat * & % m] ¢ 2

L = (@ * 4 * Y4l S Had

g4 = |Hegd * = *m) f 2

lepletl  Caprlon = Formatyitd + =4, "Llged™)
lplgo.Capoion = Farmat([C, *“fixad")
lblog.Caption = Formatie, "fixed"|
Ipltic. Caption = Formatiit + aj, =fixed")
leltee . Capkbion = Format{td, "fixed")

leltco. Caption = Format{sd, "finad")
End Witk '

End Suk
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Privete Sub cmdexadata Cllcok|)
cp o= Vall[txtop. Text)

gr = Wal [kxter,.Texo)

co = Wal [txteo.Taxt)

ca = WValltxteca.Taut)

cpr = Val (txtcpr.Tost)

cpo = Val (txtcpo.Texk]

cro = Val (txbero.Taxt]

fp = Yal{trtfp.Text)
fr = Val [Extfr.Taxe)
g = Wal [eExEEn.Taxi)
fa = Wal [txtfa.Text]

for = Val [ExtEfpr. Text}
fpa = Val[extfpo.Text)
ftro = Walitxofrs . Text)

ipr = Abs(cp — ©r)

it = Ah%(Er — Ba)

jos = Ah=ioo = oAl
iapr = Absica = cprl
ipTpo = Abs (opr — ©pa)
ipgrg = Abs|cpg — crg)

jpr = RAp={fp - fr]

qro = AbE{fr = fa)]

Joa = Abls o - f£A]
japr = Abs{fa-- Epr)
jprpe = Aba(fpr - fpo]
iparo = Abg(fpo - fro]

rEbipr. Teat = ipr
txbirp; Text = iro
txEioa.Texk = ipa
txEliapr. Tenk = Lapp
Exriprpa,; Text = Lprpa
Extipera, Text = 1poro

tRTjpE.Taxt = jpr
Extire.Tedt = Jjre
LATjoa.Text = Jjoa
txrjapr.-Text = Jjapr
trtiprpe.-Taxt = dprpeo
tktjpore.Text = Jjporo

1f jpr - ipr €= 0 Then
tabapr . Take = =Hy™"

Elga

tutapr.-Texkt = [jpr - ipr) §f ipr
End If

If 4z = im0 <= O -Than
EyTtace.Text = "HY"

Eldm

txtaro.Text = [{ra = lrea) [/ iFo
End If

If joa - ipa <= 0 Then

tutana, Taxt = "WV

Else

txbaos.Text = (jpa — loal / ioa
emd If

1F qapr = lapt <= 0 Then

tHTaspr, Text = "Hy=

Hlsm

tutanpr.Text = [Japr = lapr) / iapr A
Efig LE

if iprpo - iprpo <= 0 Then
iktaprpo. Text = "HV"
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Else

tHEaprpa,. Text = (4prpo = iprpo| / Lprpo
End " 1E

I jporg — iporo <= 0 Then

txtapora, Taxe = "Hy!

Elga

txtaporo.Text = [jporo - iporo} f ipora
End If

if ipr, — 3pr <= 0. Than
txtbpr,.Text = "H7"

Tise )
THLbpr.Text = lpr - jpr / ipr
End: TL

If f¥e = jro <= 0. Then

titbra, Taxk = "R

Elae

Txtbhro.Tant = (ire — jre] / jre

End -1f

If iga - joa <= 0 Then
txtbhom, . Taxk = TRY"

Elge

txtbos, Textk = |isa - joa) / joa
End 1£

1f lLapr = japr <= 0 Then

Exrhapr. Tagk = "H¥"

Elae

CHThapr.Text = {idpr — japrl ¢ Japr
Emgt T

If iprpo — jprpo <= O -Then

ERTDRPIpo. Tedl = "NY™

tlca

tatbprpa. Text = |iprpo - jpree| / jprpo
End 1E

If ipsro — jporo <= 0 Than
tEtbporo.Texto = "W

Flae

txtbiporo, Tekt = [(ipaca = jpora) / jpora
End If

Brtd . Suils
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Frivats Bub cmbcom Changel)
ot mydb = OpenDatabasefpp.Path § “/oastingl®) )
Sat myrs = mydb.Upenfecordset (Yseleot name,cost froa oomm where nama="" § ombcom & "0

With myrs
-Findfirst "nams='" & Trimlcmbcom) & ='"
If .HoMarcch = False Then

txtocom; Text = Format (eyralcost, "fixed"]
Elses _
tRtoom, Text = *F
End TE
End Wich

End Gub

Frivace Gub omboom-Click()
Set =mydb = OpenDatatase {App:Fath & "Soastingl")
Set myra = mydb.Openfecordset ["select nase,cost from comm where name="" L onboom & 7

With myrs
txtocam.Text = Format (myrs!cost, "figed")

End With
End sub

Brivar= Sub :mdﬂnecutu_ﬁlickl]

bim mdzca Ra Bering

moeta = App.Paktk & "/castingl.mdb"
Datal. D—!.I‘.-E;ﬂﬂﬂ!]ﬂ'_ﬂ.l'ﬁlt = mdats

Set mydb = Openbatabase |App,Fach & "Soastinglh)

DRGridl. Visible = Trus .

1f optpre_Valie = True Than

pre = "select |"" & txtcreW & "'las guant,name;cost from prevantive wherz towp='" 4 f
sintowns=] _ cmbtown.Text £ "™

Datal . RecordSouros = pre

Barsl . Aefremh

CEGrldl.feflnd

Set myrs = mydb.Opanfscordset |“salsct sumicost)|as price from preventive whnere towne!'®
k-froteunasl  cebhtown, Text & ")

Witkh myrs -
Extt,Text = myrsiprice
End With

Elsnli optrep.¥alue = Trus Then
rap = "salect ("® & txtcrew & “'}a= guant,name,cost from cepalr where town="" & Frmio
wnael . cmbtown, Teat & "'
Darsl.BacordSource = Fep
Datal .Aefcesh
DEG-idl.R=Bind
Ser myra = mydb.Op=pnRecordset [("s=lect sumicost)as price Erom cepaic where cowa='" & I
rmtowisel  cnlbtown . Texe § ="
With myrs
TELD.Text = myrelprice
End wWith

Etself optover.Value = True Then

gwap = "gelect ('Y b THtorew b "'jaE guant,name.cost from o sverhauling whare town='" &
frmtownsel . cmbtown, Taxt & "'"

Datal.fecordfource = opwer

Ontal . Refrexh

DEGcidl . BeBird

ZEt mys= = mydb, Openfepordsst |"selack sum(costlas prics Frea ovechangling whars town='
" & frmtowmasl  cmbeown . Texk &8 =F 213
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With myrs
CHLIC,.Text = myrslprice
End With :

Elaslf optpr,Value = True Then
par. = ®"selact ['" & bxtcrew & "')as guant,name,cost from repair where vown='" & frmta
wisel.cobtown. Text & "' unicn select ("% & txtcrew & ®'las guant.name.cost from preventlive wh
=re town='" & Ermtownsel .cmbtown. Text & "'™
Datal. AepordSourss = par
Catal,Refresh
CEGridl.Rebind
1 Set myrs = mydpo,Openfecordset ("seleot sum|costlss price from repair whooo town
='" L frmbtownsel.cmbtgwn.Text & *' union selsct =sumicost)as price from preventive whare town=
¥ & frmtownsel,ombtown.Text & "'%]
Seb myrs = mydb.Opschecordset ("salect sumicostlas price from repair wheare town
=""  Crmtowrnsel.cmbtown.Taxt &8 "'")
Klth mycs
txtt.Text = myralprice
End: with

Elself optpa.Valus = True Than
pan = "salegt ('Y L txberew & "'ias guant, name, cost from averhaaling whess bown='" &
frmcowneel.ombiown, Text & =' unien selest ('™ & Exterew & 7' &2 guant,name; coxt Crem preventl
ve whare town="" L frmtownsel.ecmbtown.Text & *'"
Dakal . AecordSource = =1 1=
ODatal .Refreash
08Gridi -HaBind
'Set myrr = mydb.Openfecordset{"select sum{dost|as price frem dvarhagling where towm=
b frmtownzel_cmbtown.Text L *' union select sumicost|as price from prevonitive wheoe town=®
"ok TrmeEawn=el  cmbtown,.Text § "'M)
Saf myra = aydly. OfgenRecordest ["select sumicost)as price from overhauling where town="
" & frmtowngel.cmbrowm. TEXL & """
With myrs

EXrt.Text = myrslprice
End With

EldeIf optea.Vaiusx = True Then )
gan = "selsst (' L fxbtcrew £ "VMas guani,nama,coFt irom overhauling where towne='" &
fomtownsel .cmbrown. Text & "" union select |*" & txtcrew & "'jas guant.nams,cost from pepairc =
nefe Lown="" § IEmiownsel  cnbtown. Text & """
Datal.fecordSadrce = Fad
Dactal.fAelresah
DEGridl . ReBind
‘BEE myrs = mydocOpenPecordaet (Feelact sumicostjas price from ovechmuling where Cown-
& fratownsel.cmbtown. Tesk &-"° wenion select sumicostias price from repair wharte town='". L
Lrmbowhsael .combtown . Text & """ |
el miks: - mydh.Dpenﬂecn:dnet("aullﬂt sum[Cost | as price from overhauling where town="
= &k Irmtowngsl  combbown . Taxk 5 "M |
With myra

tHCt.Tekt = myralprice
End WLER

Elmelf optall.Value = Trud Than
pro = "select ('Y & tetorew & "'|as quant.name,cost from overhauwling whars town='% &
Fembtanmasl  emblown, Text & *' undon select ("" & Extcrew & "y ag guant, nama, cost from repalirc w
ners tTown=""" § [refownsel .cmbfown.Teke & ™! union s=lect ("7 & txtcrew &V jes cuast, nams, ¢os
t from proventdve Wwhere town='" & Irmtownsel,cmbbows, Text & "*"
Datal . RecordSource = pro
Datal .Refresh
DRGridl RaBind
‘59t myrs = mydb.OpenBecordset(Ygelect sumicosc)Es price from overhaulling where town=
L frmtownsel cmbiown, Text & "' unlon seleot sum|cost)las price from reEpslr whers town='" 4§
frmtosnEel  ombtown, Test & *' unlon gselect sumicast|ds price from preventive whare towg='" & £
et ownedl cmbbown . Taxt & =)
8t myrs = mydd.OpenRedordsst{Yselect aumfcostias price From overhagling whers Cown='
b frotownsel.ombtown.Text & "'Y
¥ith myrs

Y

EXEL,TERL = myratprice
End With

gnd If 214
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Sat mydh = OpenbDatabase(App.Path & "/castingl®™)

S=t myrx = mydb.OpenRecordset ("=select * fram cost whaers Cowns='" L frmtownsel.cmbbown.
Tayt £ TR

Bet myry = mydp,DpenRecordset ("select * from discounted"]

Set myrt = mydbOpenBecordset{"sslect * from srate™)

With myrt
nf = myrclalpha
i = mytilps

Wikh myrx
& = myrk|elooat
b = myrx!wicost
&= myes | pdoogt
npf = myrx!cscost
d=npf * [ 4+ {nf {f Bpf])
= CHLCrew.Text
ENEELaf Taye
myrElemoost 100
txtint.Text
txtcom, Taxt
1 = extic. Taxt
2 = txttic.Text
b = gxty.Text
1 = tutrr, Texk
m = lbkldf.Capktion
n o= tmkbev.Tedk
td = lgmoost
3= i
tutic.Text = 3}
337 = 32
v = cmbtba.Text
w = cmbtime.Text
"th=burlding
"to=orew mige cost
' co=domung
'ct=teools cost/hour
With myry
vinf = myryling
yintk = myeylInt

[ T I o

kg -= (@& %0 % F * 3}

=1 R R - o
eleck = |& * & * F * 30]
water = = b * £ * 30]

g8 = & =-h F I % £ " 4

EE: = (& B F W ff ® 31

txtd.Text = Format([{td] ( 1001, "percent™)

tuts-Text = Formet (to, "fixed"]

tutb.Texr = FPormat (th, “fixed"]

cxtelect . Tart = Format {elect, *figad=)

TutwWaler.Tait = Format (water, "figsd™]

cxtco, Texe = Eormat (oo, "fixed®)

CXLCC.Taxt = Formatict, "fided™]

tte = {1 = iyint / 100)) * [1 + (yinf / 1001) = {3 = 00+ water + mlect + th

ibloc.Caption = Formatitog, “fimed®™)

rpi = 1'% B2% F [Ete)

iblepi . Capticn = Formak (rpl, "acienkific™)
{plmhe.Caption = Foematitte: s £, "Lixed")

Teraditional Beginas here
tuerie. Text = Formak(§2, "Eixed")
ttte = (@ * d'* o * 30] J m

tth =g = &2 *&

feiasr = (@ * 8 * g * 30) fm
Cwaber = (@ = B * p * 30 / m
EEe = fjg ®* W' -® T ® i TN B
bt = [& * [ * k. =30} 7 m

Exred, Test = Format|((tdy & 100, "percent®]

txtoo, Text = Formati{ttoo, “fixed™)

tutth.Text = Formatittb, "fined"| 215
txttelect . Text = Format|teleckt, "fimed"|
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tuttwater.Text = Format|twater, "Eiwed")

txttoo. Text = Formatttoe; *“fixed")

exttek, Text = Format{tbck, “fixad") i

rEc? = (1'% [ydnb /02005 ) % ql e fyanf f 2003 ¢ |33 + iteg - tWwatern & tElsat
* pih 4+ Erte + teetk)

tred2 = (teeZ * (v / 100))
1bltte.Caprion = Format(tce2ld, “fiked")

Tpid = (L. = &2} [ [kteR)

lblerpi Caption = Formak(rpi2, "scienclfic")
lblae,Caption = Format{itte22 - too), “fixed®)
lolmhot .Caption = Formakb (tec2d f F, "Eixed")

If [EtcE22 = the) == 1 Then

Iblocommant, Caption = "Bcpapt the Strategic Decisions"
Elsa

1nl comment, Caption = "Ravisw tha SEearegic Decisiona™
End If

End WLThH
End With
End With

cmdinsert C1idk
End Sub

Brivaté Sib emdinsert CLigk()

‘Load frmreswlt

irmresult.Hide

If optpre.¥alue = True Then
frmresult.cxtcp.Text = lbltc.Caption
frmrasulc, txtfp.Text = lblice.Caption
Elgelf optrep,Valus = Trus Then
femresult, tukcr. Text 1blte. Caption
frmresul £, ixkfr Taxt 1bltee.Captian
El&&lf oprtover.Valos True Then
Frmragull.txbea Text lblEe. Captian
femrasult, Exbfo. Tekt = lbltta,Caption
ftlself opopr.V¥alue = True Then
frmresult  txtopr.Text = lhlto.Caption '
frmresulc.txtipr. Text = lbltto.Caption
Elself optall.Value = True Then
frmresult . bxtoe, Text = lbltc Capkicom
frmresult. . bxtfa.Text = lblttc.Caption
ElesIf optpa,Value = Troe Then
frmresult. txtopo, Text = lblte.Captlon
frmresult txcfpo.Text = lblttc.Caption
El=elf optro.Malue = Trus Than
froresult txtocoo, Taxt = lhltec.Caption
fromrefoit,txtfioo, Taxt = lblttciCaption
End 1£

Lnd Job

Frivata- Sib EI'I'IIZ'.I‘EP_':J. Ickiy
femresult, Show
End  Sub

Private Sub emdakand Slliek()
d = Val{trterey Texe]

[ = Exlbial.Taxt

v = cmbtbha.Text

= lblts,Captlon

= txrams.Text

= txiefr.Vext

= tateir,Taxt 216
o= lkitte Caption
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TEg = lbltcc, Caption

3 = |[go + lme * d * (Exp{=-fr * pet) + fr + oeir * Expi=Lr = osi] ]|
lblto.Caption = Format{a, "fixed")

bw [KEe + Ame e id R [Rwpl-Eg L) 4 B 00 Y Bypd=Er % 1Y
lettte.Caption = Formak (b, "fixed™)

trgE2 = (b (v / 100}
"1blitte,. Caption = Farmat |[btc22, "fimged®)
'rplid = (1 * &3} f (ttoc2)
'lbltrpl .Caption = Format{rpld; “scleptific®)
tblsa.Caption = Formaty (toodl - &), "fimad"®)
Ihlmhot.Caption = Format [ctezd /£, "fixed™)

End Bub

Frivate 5ub cmdwithout Click()
d = Val [cxtcraw. Tasit]

f = txttlsf.Text
v = ombtha. Tayk
to = Iblic.Laption
mo = pxtemc, Text
ir. = Extefr.Text
tie = lhletg. Caption
oEE = Wal [tktelsE. Texk) J- 5D
g = fta 4 (& * A [Expl=Fc * oet)]|])
lelto.Captlon = Formak (o, "fiszed™)
4 & kg = ma *da * [Expi=Er * 1131]
lBltto.Caption = Tormatid, “"fixed")
tigEd = pd o+ qw S -1005]
‘Yolicg,Capticn = Format{ttcz?, "Eigxed")
troid = L B2) £ nrdd)
‘Ioltrpl.Caption = Format (rpld, "sclaentifle™)
iblae Caption = Formak ([Ete2d = gy =fized®)
iplmher, Caption = Format|eteZ? / £, =fixed®)

Eno Bub

Private Ech Fnrn_Ln;d(}

Dim mdata ha String

mdaks = Ppp Path £ “"/zastingl.mdb”
Datal  Oscabasatamn= = midata

He.Height = BQJ0
He.Wldth = 11000
He.Top = 100
‘Me.Lleft = 100

Set mydb = OpenDatabase|{App.Path & "/foasktingl")
Far myrs = mydb.Opénfecordast ["sslect * From comm" |

'ERELIRE STEexE = &

S8t myry = mydb.JpenRecordesst (Taeleot maxicyesr|as ays [com datax WHERE town='" & Eem
soWneal.cmbtown. Tase & ')
With myry
o= myrytaye
He. Caption = "Tools / Eguipment Flanning and Malntenance Costing Umit For 'Y
& frsmbaswneel  tmbidwn . Test & *' FOR THE YEAR" & " * & ¥ &+ 1

Eng With
‘With myre
n = myrofpho 217

*CHtint.Tedt = (0 = [A = 1)}
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"End With

,With myrs

If ot -EQF Then ,Movelast

If Hot .BOF Then MoveFirat

cmboom. TExE = |Hame

For I = .0 Te .EacordCount - 1

cmbcoa, AddItem | Name)

coboom, ITemData (cmbcom, Hewlndax] = |no

-Hovalext

Wexk I

End With
cmbeoom Click
snd Sub
Private Sub optell Click(}

chdesecute Click

End Eub

Private Svb optover Clicki)
ﬂmdzut:utc_!li:k

Engd Hub

Frivates Sub-optpo Cllok(]
omdegscute Click

End Sk

Erivate Sun nptpr_ﬂlithtr
cmdnxpcute. Click

Emdd Gab

Frivate Sub optpre Clicki}
cmdexacute Click

Eng Hob

Frivats Subp nptrtp_?ll:kt]
:nd:xn:uta_ﬂlick

End Sub
Brivate Sub optre Qlicki

cmdexecutn Click
End Suob
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APPENDIX IV: COMPUTER SAMPLE OUTPLUTS
APPENDIX IVa: TITTLE PHASE

You are Welcome to

Computer Aided Maintenance Strategic Decisions Plannii

CAMSOP 2003

Developed by: Engr. B. Karcem
Supervised by: Prof. A. A Aderoba

In Partial Fulfilment for the Award of a Ph.D. In
Industrial Engineering

Department of Mechanical Engineering,
Federal University of Technalogy Akure
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APPENKDIX IVh: DATA ENTRY PHASE

B HAHTEHAMCE STRATEGIC DECISIONS OPTIMIEZATION (Induskial Machnery Maintonance Jobaheops]

Fla  [ipa (ipeation  Hepot ‘o
Ciiy Aaguealion } &
Maindprance 5 koo Selecdon

{1sha E ey Pt Seroce Bamand

Wiginbipnpe Policy [t

Congan sk

R Ll
pass Pl Fimgnbe = A -

Spate Parts Flanning

Tonk Flegste X

Cormreunication Moars ﬁi_ .2 -
= e o e B
B al

Panorrel Mlageleaston

Pl OF TRMIZATION OF
g STRATEGIC DECISIONS IN
ke | MAINTENANCE JOESHOP

Astat| A E =y ty Jobishop - Micigeolt Visual iﬂ;]al..nwa:-..' Wicmiok || ™ MAINTEMANCE 5TR... “HESg 1o
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APPENDIX IVbi: CITY REGISTRATION

City's Registration

City's Name | =
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APPENDIX IVbii: MAINTENANCE JOBSHOP SELECTION

Categories of Maintainance Jobshop

Maintenance Jobshop Selection
Jebshop Type |mm j

222



APPENDIX IVhiii: DATA ENTRY FOR SERVICE DEMAND

Data Entry For Service Demand Forcast

City | =|
~Dals — == — =
Year | Average Fallure Average Noof | Avesage sge
Rate( Na/Wk) Eqquipment af Plart ('¥rs)
Martt

Eerial Mo |‘—_.E| Forecasting Factor] x] |

Save Heha-s—-hl Lipdats [laeta | o |

Mo al Aval,
Mainlgnare
Cantros

—



APPENDIX IVhiv: MAINTENANCE mur:v DATA
Maintainance Data Entry

=] -

~Fravamie Marbanance Oniy i)

rrAccepd Wail, Timewigh” Dk
I'.'lpl:rnlﬂ.u:'l"lm |"““‘_' Hux.nu,r'runq"_“neunw:rnq"— oats | ke [ pess. |

ftm}

Fagpar Criyliks] S , e
rdceep Wl Time Wi Paks)
:::pm;m;mj = mmﬂm | .;m]. j apti | Like. | Pessl. |

— =

Ol Cirby (ke

b Ii 'I*H’“an_._ B - Bcept Wail, Teme Wiot [kl
{:J?T“ e ftmi} .:E: | aptl | L, | Paosl,

Aediagh | Upciate | Clase |

|



APPENDIX IVbv: CONSTANT VALUES DATA

— = ——

Alpha Entry
ol ¥
Alphall Alnhaz|
Mgha 3 |
Refiesh | Update | Close |

225



Tawn

APPENDIX IVbvi: SPARE PART REGISTRATION

Spare Part Registration

.:J Spare Part's Name I

Add | Delete Ewil |

216



APPENDIX IVbvi: SPARE PARTS REGISTRATION

Spare Parts Planning Entry

Town '| —— _:J Malntenance Type Jtl'l'h‘-}PE j Zpare Part Mame |E|:rn]:rn'| _ﬂ
| AnnualUsage (UI[T OwderingCost [T CostUnit(R) [ Camying Cost{=N=["
f=N=}
Use Rate (No/WK) [ " Supply Rate{No/wi;) |
gk | Update | Aelash | Eyit |

252/03 -
Crate J
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APPENDIX IVbviii: TOOLS REGISTRATION

Tool Supplier Form
s | =] Maintenance Tyve [Crbhre =
Cost ()
Mo

Add [ Esil | Update |

228
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APPENDIX IVbix: COMMUNICATION MEANS

Communication Means

| =
Communication Heamsl ﬂ Cost/min I—

Ll pecigle

Add I Retesh Esil 1

229



Town

APPENDIX IVbx,: PERSONNEL REGISTRATION

Personal Registration

ﬂ Personnei

Add | Enit

230




APPENDIX IVbx;: PERSONNEL PER CREW

Number of Personnel/Crew

rom | £
Total Personne | Increases Decreasa |
Add | Save | Closa |
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APPENDIX I'Vbxi: PERSONNEL INTERACTION RECORD

Personnel Interaction Record

Town | ﬂ
Parsannal [I::ml:lpﬁsl :_j T Fersanng |,3-“pr32 ﬂ
Riting |
Uk I Cloza I
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APPENDIX I'Vbxii: MAINTENANCE COST ENTRY

Maintainance Cost Data
Tawn | =]
Ciogt [Maval
Elactricty Cust.'hr[i Water Cost/he [~
C-t:Etnf ELﬂﬂrﬂg | lef'ﬂrrﬂ,'hr I__
pdalm Cloea |




APPENDIX I¥bxii: DISCOUNTED COST DATA

Discount Maintainance Cost Data

o | -

e | Interest Rate (%)|

#udd I Upl:latel Clnze |
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APPENDIX 1Ve: FORECASTING

& Moang Average

Simole Expon Smoothing

A Manve Forecazt Model

Lar Begrasson

Opbnum Foracast

_1 Town |

Qk l

Clege
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APPENDIX IVei: NAIVE FORECASTING MODEL

A Naive Forcasting Model

1]  Data [4)] Forecas! [Ft Enor ot

100 10c

E 80 — —+ B0

T = a0 - 40

Z 20 L0

o = [P | | g

1 R ' R2 R4 RS
Period
Hesxt Fural:asti |

A Marilenence
MEE | Pualicy
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APPENDIX IVcii: THREE-PERIOD MOVING AVERAGE

A Three-period moving Average

R

Frreczer {Fastne)
e 22888 8
r

MSE =
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APPENDIX 1Vciii: SIMPLE EXPONENTIAL SMOOTHING

Simple Exponential Smoothing

“Yaar t_l ata [adl]: ] . Enor
T —
MSE =
M anbanance
MSE | Policy

Frretanr (Faeoma’

100 -

Period

1m

[ &l
T
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~ APPENDIX I¥Vciv: LINEAR REGRESSION

Linear Regressii:n Calculation

Vea] ] DERf]__ Foecsirall] ____ Eio el
R . e :
M "E‘_{ e
54
B e
s Zumift) Sum{x) = Sumitx) A
- SUM{L™2) |
g = | |
Tesl |
Hi4r|H
Lirear A, Forec, | Smaothiig M LT|
alphal  alpha2 Zeta
SmoothiegL. T | | I |
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APPENDIX IVev: LINEAR REGRESSION FORECAST

Linear Regression Forecast

eal

Fat
|

B S

Efrce

MSE =

T

MEE

Mairterance
i Folcy
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APPENDIX IVevi: SMOOTHING LINEAR TREND

Exponential Smoothing Linear Trends

Toar] Il MM@_M
! . ' 1 100 T 10t
‘:'E 80 y BO
& 60 -4 GO
& an a0
£
= 10 20
O e S B S
i 'r2'" R2' R4 ' RE
Period
et Forecast [
MEE =
MaEnenance
o | M
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APPENDIX IVevii: SMOOTHING NONLINEAR TREND

Smoothing A Nonlinear Trend

MSE =
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APPENDIX [Veviii: OPTIMUM FORECAST

Optimum Forecast

st Pt for simple exponentis [~ Agha [

smoothing

rLires regresmon paramelas— ===

mpnay [~ mpha2 [ Zem [

I:l:nlinue-..l Haul | Choge |

3pericd-mse simp.exp.smaoth, FETEE

|rgraressast
e simphaL SumplehLT

I'm Busy, Please Wait !
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APPENDIX [Veix: MAINTENANCE POLICY UNIT

.r-.l.e:ﬂFuremst I—‘ Simulation Time r___ Raebilivy | E weculs | Falrash

[~ Maintenance Pobcy
" Prevaniive Dnly T Preveniive ind Repar w
I:.- HHD.’[ Drﬂ!ll r\- H!“E“H"! Aﬂd |:|'l'!rhELi.I'|g
| 7 oG Only ™ Fepar And Overhaulng
A Fdl Elp:r-uhun.t

Fossible Maintenance Policy
WMaintennece Farametars [Vike)

| Optimistic Time [T Maost Likely nnq_mmmmnq_

[ta) ftm}
Arccapl Wl Tene Wil ffke)

Cotimistic Timd —— Most Likely Tln'he|— Pegsimislic ﬂmu|_
Totwl Idle time [ ]

of Cresws

Total Engage
Time of Crew

[¥Wksh

1

e S — o I e L e

In Cusaue

Total Waitifg fotai bumber [ | CrewSwe [ |

Tne af Jab ol Jabs

Commuric. Inwertosy Uil
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crewto [ APPENDIX I'Vex: COMMUNICATION UNIT

Communication Level of Personels

100 | 100
| ; i
= — B t B0
=
i o |- | ap
5 '-1' L
. m H-R .-.'_ Lo
Ri ! B2 A3 R RS
PERSONNEL
Tatzal Intaraction=
Posion Ll | Fregiiban
k
| 4] »

Total Lavel of Interaction |

Cloze

o |
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APPENDIX IVexi: SPARE PARTS INVENTORY UNIT
Spare Parts Inventory Planning Unit

Tawm | ﬂ Craw Nao | Spare Part Name | :J Simulation Time |
Manternancs Palcy— r Equipmenl Manlenances data —
) . ) Totai Engage Tims
i Pravertye Onlp ™ Preverthe 4nd Repar Ava, Equipment | of Crew TWIY
| | Maintenance
! . Lost/¥ear
23
Fepar Only ™ Prevenlive And Dvarhauing Ave: Bt
™ Dwverhaulng Only " Fepar And Overhaulng Failure Rate(/Year)

Al Operslions

nWEeks ar Mol Wesk or =hj= Ermareni/FulHme

5 Rate =
Use Rate E upply [ ] engaged Time | ] Opt.Eng. Time [ || Ordering Cost |
Total Dul of Total Stock Total Ko, of Total Mo, Ramain
s [ M [ s e e ———— 1 i

Total No. in Stock Perind
P vane: | | Usediperios [ | ot e, ]
Mo of opt, rderi Carying Tatz!
e T ) (=< O o) o B W N ]
Tatsl Cost |
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APPENDIX IVexii: TOTAL COST UNIT
Tools | Equipment Planning and Maintainance Costing Unit{No equipmeant, no inventory failure

Crew No | Total Engage Time | [nterraction | Hesponse Rake | Clock Yalue |

kit bkl Tn-nls and Quantity Required
srfansnce Polgy—————— .
ity Flag Toals M T .
 PeveniveOryy meu-.-eﬁw:lﬂnpar ToofeMame | Cose] | Tooks Costite
r‘ — Py 5 B :7
Hopes £ Praveniivs find Ovishauing |
" Dverhaulrg | Divisional
o e = Repas And Owverhauing Fg.':;u:r
Al Oparatons
Tocks and Equipments maitbapancs ————
Wwith ane I Wwithaut I a ""’:“i |
Contract! T emporany
Conal IH sat )
Electricity[ wiater | cmmmmm|__[x:mu r_clxnm w |Communication
Timea (mdm, ) Cost i
Db Tl [Maiial— — — -
g Maimbenanoa
Dipracation at | Cost of Toals Irwentiony Cost
Cost of Bulld Crewcost (Naira) | | |
Tatal Annual Respanse-Cast
Maintenance Cost | Porformance | I Mairtenance Wi Cost | |
Patmarant Ful-ims S
Coost [bi ] _——— — —
Electricity | watar | COrmILRRCatioT
Cost |
Gtbei izt (Hara] Ma
?&ﬁﬁfﬂ.d at | Eﬁll'{n‘ﬂ:!“aﬁ!]m] [ CostofTools [ imwemtoryCost]

w8udget {00 »| Response Cost -
Total Annual wwailabl Performance Index Maintenanoe Wk, |
Mainbenance Cost : i : o

Annual BudgetSuplus/Shortage
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. APPENDIX IVexiii: BENEFIT- COST ANALYSIS UNIT
Maintainance Cost For Various Maintainance Policy

Maintenance policy — Preventive [Pl —- Repair [A]— OweshaulngiO}- & operation[s] P and B Fand T RandD
cost per BRnUm _ . | . !
Cantract staff (1) l | | | |
Eull time staff (1) | | | N |
| . |

Exmcuie I

Benefit cost analysis of maintenance policies.
PandB Ramd Oandd Aand PR PR and F/O PO and RO

—
l
|
I

Cost difference {1 l

Cost difference (j) !

Berefit cost ratio [i}1

E— — — —

Benefit cost ratio [jq

i I |
| J ]
| 1 l
| | |
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APPENDIX V: DESIGN OF QUESTIONNAIRE
APPENDIX Va: FRODUCTION SHOP

(A INTRODUCTION: Tes questionnanre 5 part of o research m ProductiondTndistoa ] Eupascering
The resenrch topic is Oplimisation of Strategic Decisinns in Maintfemance Job-ghops. For this papose. dina
e roguired {for e elective festing and analysis of (e system) o e casting nuaintenaones job-shops.
aeaell o adustoial plils. You ire kindly requested 1o complete 1his quostionnaine as quickly as possible
Your feedback! responses will be vreined wibh stoce confidemiz iy sond soder conditiva ol anomymny
Thiarok o socrmmech [or vonr conperagion.
(B PREAMBLE QUESTIONS: Answer the followige by Talling or ticking the space prasided
(ol Mame ol the compaoytmdustoy. oo o
(Y Apeal I gl i
(o1 Total nawmber of indsirig] machines
P Fotad smbor ol procasction mEisliiEs s i
E 1 ota] momber of nncilary CopuipmEIT —- s e

CiE el nganiber of sierind Baod g Suipiieil ——re-reer—- -rems

fivaMaime of the external wainteimice contie]ss milranzcd

[l )ess R T P PP -

L/ i P e el s ) B P L P SR Pl e e W - et oAt
[ e i e oo e A i A A o B i 4 e e e S R T D D i

(el WINES. b oAl L A S L 8 et B Rt -

(v ) Stine the argals) of specinlisation of the contrers) (Thick the spplicable ong(s)

fh Pecvenming mmieimmee -~ el [ L e e LR [T [T TR
thl Preventive i inlgringe s s, [CpRIS =scsee overlmnling s ;
(00 TrEvennlive ImECHINGS ---——, w11 R e L T T T T
tel) Proveniive BEECIEINGE «=e—ree_ FEPIHIS soona- _overhanling === :

€] Prevenlive imieeIiinge - FERIRES e, gverhizmling —---—
IV Wi e vou padionizing e weinicesmes centrels) (v}
rh Managemont decision
iy Proximiiy to e p.:'mr
el High qualits of mabilesance work
) Sunssfving vour response oee (i scceptable waiting time (o complete your job)
(i Good monitoring wnd control

i Diherge———e- —arn ——

sremEazEre
T i e e o e 1 8 08 0 R ik - i e e e e e B S B

) Wi are vou decided oon toostiend stber svilable meintonmee centredss e covironicn
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in) Their gualitics hiave not boen tasted belore,

{b) Repair snd mabitenance over delayed (that is, nol sulisiyiig 1osponse rie)

(c) Improper repaining aclivitcs ¢ matnlenango Cres e w0l cormpeieil

iy Tpose high chinges on repairs ic overcharging oF sainteiance pclivilaes

(2] Job reporing procedure is oo long

i lsulTicient basic repuir and mainienance oy i
() Lack ol workspaos:

(hi lisidequaie securiy,

(1} Lock of basic spaie paris

{1 Poor docomemation aof repair work,

ik} Transportalion problem

hers

I Rt TS S

(i -

“.] FITTTIEEIII

(i) Conmmsent om Lhe ssiotenzance Geilaics of e wminicnawcs conlie

pd Ve sl (b pood () average  (d) poor (o] very poor
phd T he oitenznce conire work g ceciranmsnn i sccuriry

i) Vory good - (hy pood  (e) avernge  (d) poor  (ed very
(b Scteedhiling Toe the repivie s overbian of wiachingry

121 Very good (b good (o) nvermge {d) poor (ol vary pom
txi) The puocedare Tor collecting 1he repair pobis

fin Wery pocd  (b) poad  (chaverage (d) poor 2 Vory peaos

{0} Thick snd / or [l the appropriale sprce provided: concerning service detnd.

Table 1.0 Seevice Demmnd

Yeur | Avoenge Mo, | Mool Mg of 1he Mamire of AVCTHED Expecled
ol mipchines’ | waclunesEquipme | sedmiemanes. | e spesl compheiion
nuninienpngs | Equipment | *{AGGch exic slhecis il g
coll per,.. il theemd | if npplicable) i nkEnance

of 1he ven conlre
[kl Proventive. .
Hepair
Creerlgual
{2 Provenive.
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Rejriin,

Cherhizml

19493

Prevenlive

Repair
Dherloml,

[9u4

Preventive,,
P

el

LS

Py eutive
egwiir

BT THITT S

[Ru

Meventive
Rprir

Civerlial .-

197

Frovemine
T §

Cwverlionl .,
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[

Freventive,
Repeir,

Clverlizil

[ Qe

Prevemive. .,

B

Chogrluiml

20000

Provemive,

Repr. ..,

Civerhanl ..

TN

Prevenin g
Repinr ..

Ol

212

Prrevennive.

Repuir

Cherleml
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2M13

Freventive
Repair

Cherhanl
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AFPPENDIX Vb: MAINTENANCE JOBSHOP

A INTRODUCTHIN: This questionmaine i part of o research i productionfidustonl Engincoring,
The 1esemnch topic i aptimesation of sleiegie dogision mnginleinnge job- shops. For this parpose data are
reapiret {for the elfective festing and analysis ol ke sysiem) Trom ihe cxstng waintemmee yob-shops, and
indusinnl p]:mls.‘fml are kindly requested 1o-complete this questionire as quickly as possble, Yoor
feedbuck/responses will be teeated withestoet confidentiality, mod under condiivomn of wnosimiy

Fhiank you so much for your cooperbion,
1 PREAMOLE €AJESTIONS: Answer the following by Alling or ticking ihe space provided

(i) Mo of the nudatcasince jol-slop

i

T B T -

FHEE Mg al the iamdgmmce joheshop
Pin PSR Somen nuapar Sosioiiees Cidwsloesl sy i voor cstabdlistooeil gl D
[T L TR

il -

e e R e e B

iy s

icl prErErTEIaE LD

iy AT T Wit RS . A e R AN T

o) - - e

- rrmEm sy s s

v WL e e iajor comphisints of vour costomens

(] Hepmr snd mpimienange over defaved

{lah
i)
lil)
LLER
in
k)
11x)
(il
i

L proper repiring aclivitics.

Tapose lugh chiangies o e,

lob reporting progesdire 18 100 lang

BwsuTectent bisic vepait aaid neinionance cojuipiment
Lack of workspmice.

Poor docmuentation of repoir work

Lok of Dasic spore pails,

Trivspon tatian poobilem

TrsalMigaent infmstscioed Gioility
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Onlegrs

(C) (i) Tick sdf or Gl approprintcly (he spaces provided coneernmg aperation of nuinicnanee conlre

Mature of maintenance | Nume of mochimes! equipmenl | Tools { Equipment nsed | Average ting
broupin [or service *{ Al shoet if used far
*(Attach sheet if requitcd) resjiiirgd ) WRHIECTIANCE
Preventive ] - . .
Hepmr = - ]
Crerhaml >
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{0} Fall the space below concerming mnimenncs spase paids inveslory,

MNalure of Mame of Avernge Mo, | Avermge No. | Orcderig Holding cost | Cosl ol o
wattesiinee | spare par(s) | wsed per | supplied per | cost per PEC Spre JiLl sguie
sock | | o il [rined
Preventive
1
|
R |
Owerlinl =

Mude tet, Owdering cost comprises

Lot fo request, process and issue Hhe purchiuse prdor

Lot doreccive, nespect. idealil and bandic e PEOI g s
= Lost ol receiving orders

hiventory eanving or Holding cost msclades
-lmeres) mites

“Dhepectnlion cose

=l nsnnnce angh fases

Uosl of spacg hew, or socurily ke

(1 Tiek the channel of supply for the elass A spare panis) in (D)

= Spne part shop.

a1 Local veawloes

Local comlecim
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= Local maemfciaring comgany.. ...

ihd Forgigi veimlor

= Forciir comimiclors. . ...

s I"|1-|l.f‘4.|';l||| AP ngnlzcir,

il Why did vou preler;

Local spare parts:

iad cheap (b durable (23 available b cente policy

Foreign spare s

i) cheap () durabde (g) wenilabie {d) conlre policy

Bt b el wond fooreagin sperne (unels

(il
{lih
ic)
(4]
[eh
[
1£)

Ui Tegal spare wlen doralvility o= romqared.
Uiy foorgigie spiee whee dueabilaeis rogiired
Ulsang bocal spaee swhen cost s bover

Lising forcign spare wien cosi is lower,

Llzing Tocal sparra bocanse ol is wvisibsbality
Using foreign spove becnwse of s availabilily

Using hoil Toreigi s Tecnl spie bascd on conter's policy

PES fn) How ney niinlcmnce goiing you openilig present iy

() Chog () two ) Three (d) Fowr (2) Five (1) Moie (han Five

LT B iy e persoie] constitaie i crew G
Gy 2= ()b =& Qlan =8 Gy % =100 ey =12 (0wl 12

fnnd Tack ooad 131l fhe space provided conceming mainlenimee personnel

{Caligy

hhinleranee Persoie] Chsalifcationg Wi ol Gross Sabary. | Level of Compeicoce

ﬁr‘l-".-‘iﬂ(‘. MO oxpricice pr ol
HND, B 5S¢ cr.}_

Laww,, . Avenege- ligh,
” Lowv..,... Sverage..,. [ligh,
I o = T Low.. . Averges.. Hligh..,
b h | Low..._.. Averape. . High, .
v Low,,.... Averdge... High... ...
¥l Lo, ... Average o hgh..,
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f\'ii Low... ... Averipe . High... ]
Vil Low, . ... Average.... Higho.. ..
[ , Low...... Aversige..... High..

{iv) Tick the means of commmmication of Matnlcince Personnel
(i) MITEL {by GSM {c) INTERMET {d)y MEMOD (o) PABRX (1) Oilgrs... .,

iy bidigcane il level of commmetion betwess Maintenance Persoonel using the following uolihsn

Uuily ecomsmmnisiion = %
Every 2-ikns =4
Every 3-lavy =23
Fary deilsive =3
Wikl = |

Moy cgnuinticslion =k

i 1] 1 I ¥ i Vi Vit I%

n I

—————

¥ e

Vil

Vi
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