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Techno-t.conomic Aspects of OMMS in
_Developing and Developed Countries.

J.V. KROUZEK

INORGA / ~National Tecnnical (:onaultancy and
Training Centre,’ Prasue. Czechoslovakia.

Introduction

The Fourth general oonference of UNI 0 held in
Bangkok, Thailand in Novenber 1987 adopted re-

~ solution l, vhich. 1nt'=r-a11a reoo-ends that -

UNIDO should “accord special attention to ‘the
prob_lems, of maintenance of industrial plants
and develop. programmes for that purpcse.® I am

- convinced, that this 2nd. Expert Group Heeting-

on OMiiS will certalnly endeavour to contribute
to this resolution's iaplementation.
The lack of systematic maintenance, or sometimes

‘in-existance - of systematic maintenance has been

one of the major factors inhibiting industrial and
economic growth in developing countries. Inspite
of the fact that this problem has been known,
studied and discussed in national and international
forums for a long time, no considergble overall
progress has been aohieved in solving it and
thus removing a major obstacle to the industrial
development process. In a symposium on mainte«
nance in developing countries, held by UNIDO in

_ Tokyo, Japan, in 1973 it was indicated that the

life span of capital equipment was reduced by

306 because of lack of maintenance capacities.
The €ost arising from their decrease in life span
of the plant equipment was then valued to be

US 3 5 to 7 billion (other consequential damages
arising from indirect costs, such as overhead
costs, overtime and increased labour costs, lost
production and sales could not even be estimated)
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It was as long ago as that (15 years back),

when the Metallurgical Branch of UNIDO
launched their first project on * Hanaged
Maintenaace in Metallurgical Industries" \
with EISCO here in Egypt, to deal with
this challenging issue through QMMS.

The scenario in many industrially developed -
countries showed negligance and no systema-

' tic maintenance managexent practices, too -

e.g. a 1981 United Kingdom Survey in the

field of maintenance revealed that in mme- °
rous companies maintenance costs reached 25%
of plant asset value, no consistent analysis
of plant and maintenance performance was made,
only 12% of companies surveyed kept systematic
maintenance records etc. The awareness of in-
adequate maintenance management and careful
cost considerations (during and/or after the
oil crisis) in more tough competition for
steel markets have lead, together with the
introduction of latest technology (which
could not be operated without adequate main-
tenance at all), to considerable improvements
of industrial maintenance prabtices. the in-
troduction of CM4S in late seventies/early
eighties being one of the most contributing
factors, among others. The introduction o?
(M3 in the developed countries was specially -
accelerated with the advance of relatively

‘inexpensive personal computer/local area

network (LAN) distributed OMMS and the wide
spread use of micro-processors for plant
condition monitoring, e.g., the 1987 Survey of
CM1S packages, identified and evaluated more

_than 40 goftwsre packages available on UK

market. This clearly illustrates the dynamic
development of CMMS market there and widespread
CMMS implementation, - s
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UNIDO, in particular the Metallurgical Branch

" became soon aware of the industrial meintenance
management, problea ( inadequate maintenance
being specifically costly for the large capital
asset investments into rapidly established -
steel plants in’ developing countries) and star-
ted in 1972 organisational studies to create
due awareness e.g. SIS project in Hungary

" (Dunaivaros Steelvorks), the above mentioned
multi-phase C¥MS large scale project in Egypt -

- (EISCO, Helwan) followed up by implenentation
of COMS in Czechoslovakia (1978-81, East .
Slovakian Steelworks, Kosice in eo-operation
with INORGA). ‘SIS preparatory assistance pro-
Ject for SIDERMEX in Mexico(1985) with follow-
up cost sharing pro.ject for AHMSA and SICARTSA
Steelworks, large scale project on introduction
of CMMS into SAIL in India (1986 - Rourkela Steel
Plant w:lth follow=up transplant to Bhilai and
Bokaro Steelplants), Regional network project
for European countries in 1987 and Regional
Project tor ASEAN countries in 1988, A large
scale cost' sharing project tor People's Republic
of China is being planned, starting in 1988 with
several other national/regionsl projects in the
Pipeline, These pioneering efforts brought posi-
tive results of OMS contribution to maintenance
~ and plant availability improvements. The majo-
rity of Projects have been associated with
international group training programmes, demon-
stration workshops etc. to enable for a broader
exchange of information and dissemination of
advanced technical know-how in the multiple
fields of CMMS,
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In order to rationalise this development process
the 1st Expert Group Meeting (EGM) on OMS was
held in 1965 in Prague, Czcchos.‘lb\mkia. under
UNIDO auspicies. The 1lst. EGM established,
inter-alia a,Permanent Working Group on OMMS
which conseguently met in 1986 in Kosice, Cze-
choslovekia (during the 3rd. UNIDO-CSSR Group
Training Progrgmme) to prepare the grounds for
the 2nd. BGM in Cairo, Egypt, -in co-operation
with the Egyptisn Iron and Steel Company (EISCO)
with the objective to examine turther modern -
trends in (MMS developsient (e.g. the impact of
rapid introduction of Personal Computers), to
identify the effective ways of CMMS dissemina-
tion to other basic industries .and deVeloplent
of human resources/e.g. through national/ sub-
regional/regional centers and metworks) and to
develop practical recommendations and guidelines
for further projects and OMMS implenentation in
developing countries using their own experiance
and resources, together with the latest state-
of-art know-how from industrially more developed
countries, v . :

onomi ts o cation for o
Talking about techno-economic aspects and justi-
fication for OMMS let us first talk of what
maintenance is, maintenance costs factors and
profitability functionfare, since they primarily
influence the CMMS justification process. Some
define maintenance simply as repair after breai-
down(emergency maintenance), others usually ine
clude planned maintenance, both préventive and
corrective, the former being either fixed time

" maintenance or condition basad maintenance, the

lattu/boins further qualified to breakdown versus
shutdown maintenance and still ::others, more ad-
vance, include plant condition ‘sonitoring into
both of thcse categories (In fact. ghe trend for
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use of condition monitoring, particularly with
microprocessor systems, offers major factor in
the increase in reliability, safety and availa-
bility of plant equipment). Yet aspects of main-
tenance go far beyond these definitions -
maintenance function is congidered to'be the
factor of profitability, quality and efficiency-
of the .enterprise - the effects of maintenance
costs upon total production costs being usually
described by the well simplified costs optimiza-
tion-curve (see Fig.l) and/or more realistic
optimum frequency interval curve(see Figs2) or,
in a long-term Jjustification view, the function
of optimizing the efficlency of capital invest-
ment through a real increase in the avaibbility
of capital equipment and through adequate con- -
servation method at a total minimum costs. To
study the whole life of capital equipment, often
the U equipment failure profile curve is used
(see Fig.3). ' :

In practical situations, however, the maintenance
direct costs(basic resources - manpower, materials
and equipment) and indirect costs(losses of produc-
tion, sales, shorter life span of equipment etc.)
as well as corresponding benefits/improved plant
availability, reduced operating costs, improved
reliability through fewer breakdowns, increased
product quality, operatiornal life #tc.) become .
vart of the overall Maintenance Munagement cycle
(see fig.h and 5). Hence the maintenqnce function
should include all stages of capital investment
and plant management = project investment study

and planning, negotiation and procurement of
capital assets, their operation, utilisation and
actual maintenance, design and improvement (redesign) -
and last but not least the equipment phase-out
(alternative exploitation and ultimate repiacement).

k]
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The introduction of BRiS contributed significant~
ly to the improvement of the decision making in
the overall maintenance management cycle ( this
was shown and spelt-out clearly during the 1st
EGM) depending, of-course, on the scope of com-
puterization. The overall functidnal structure of
G%S suitable to support maintenance improvement -
was roughly defined to include the following la:ln
areas:
1. Preventive M nt r

- Plant register - ‘

- Preventive la:l.ntenance phnning. .

- Repair planning and shutdown pl_un_nlng -

- Maintenance work order generaticn. .

- Maintenance work order sct\emung and
progressing. A

- = Material requirement planning.

- Manpower requirements planning
- Maintenance cost planning.’

2. Maintenance jobs plamning,
- Job catalogue '
- Job allocation _
- Planning and job scheduling. .
= Releasing maintenance Job
- Despatching and job esecution monitoring
~ Rescheduling.

‘3, S ‘Requirements P .

~ Spare parts catalogue
- Requirements plaming ' -
. « Parts and materials allocation

- Inventory records keop:lng
- Inventory control
- Inventory receipts and disbunuent.

4. Spare parts Inventery and Purchase Contrel
= Make~buy degision making
= Purchase requisition | .
- Purchase order generation
« Yendor data update
- Pollow-up, . +




5. Spare pavts Manufacturing and Recondition
Planning and Contro}l,

« Drawings.
Bills of material
Routing operation
Work ‘centres - .

- Capacity planning -and opmtion.s schedul:l.ng.

- Work order progressing -

- Shop=-floor monitoring and control
6. Haintens Mo

- BEquipment léy-off monitoring.

= Maintenance ordars lon:ltoring. )

- Job status reporting. - -

- Maintenance history analysis. -

= Hanpower loading and efficiency.

- Maintenance costs monitoring.
Let us try now to specify in more details which
1mprovemgnts and benefits can be obtained through
the CMMS implementation with the above outlined
structure, '
The potential benefits of CHMS depend to certain -
degree on management ob;jecfives and speciﬁé con-
straints and situations that it is designed around
and the existing even non<existing systems it re-
places or complements. Based on these, the major
CHMS benefits are:

1, Increased production facilities(plant)
avallability.

2, Increased manpower utilisation and cfﬁciency.
3. Reduced spare parts and materials stock.

4, Redéction of dlrect and indirect production
coBtis,

5. Improved financial coatrol.

6. '‘Other (miscellanecus) benefits and improvements
. (so called intangibles).

K4
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Let us try now to explain in more details the

above both tangible and intangible benefits

under the above mentioned headings(which may

be easlly related to management obJjectives

and priorities, although a different categori-

zation and/or overlapping will always be possible)

and illustrate them with some illustrative figures

based on practical OMMS implementations both in

developed and developing countries.

1. Increased Production Faclnuea(!’laut) .

avallabjlity, o

-« Reducing the ‘mmber of- breakdowns through

#* Equipment monitoring (scheduled inspec-
, ‘tions, measurements,checks during idle t:lu).

. * Historical data processing (Preventive opera-

' - tions, optimum/cost Justified planned pre-
ventive maintenance frequenciu.veriﬁcation
check 1lists etc.). .

# Downtime analysis (1dentiﬁ.cat:lon. analysis
and correction of defects, rescheduling of
repairs or replacements).

- Decreasing machine idle time
* Systematic work preparation
* workorders grouping and scheduling
* fast selection and despatching
(work orders ready in case of idle time/
amtdovm) .
* prec:l.sely known capacity required.

# quicker fault diagnosis and Qvaluation
of remedies. -

- Co-ordination of Production and Maintenance
Planning,
* Co-ordination of production and maintenance

work schedules (considering various impact

. . optiofis iupbn the whole range of inter-
. . related production facilities and processes).

* reccgniuon of critical work and faster
re:zonse to the higher priority assigned

* Improved compatibiuty with various other
departument,

i
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- Replacement decision making and strategy
on a rational basis.

* continuous condition monitoring

* analytic information on assemblies znd
plant items and/or their groups.

* jmproved plant condition due to reduced
brdakdown frequency.

* effects of different criteria may be
simulated and evaiuwated to determine
the equipment life span, other possible
exploitation and phase out costs etc.

_2. Increased Manpoyer Utjlisation and Etﬁg;encx.
= Reducing nonproductive time due to the:” - -

* planning jobs against known availability
of piant and spares (precise work order
instructSons, complete and timely avai-
lability of spare parts and tools).

* Setting stdndard times for jobs ( with
monitoring and up-date based on Job
execution feed back). :

" * Reducing the manpower (workers) idle and
waiting time(waiting for spares, waiting
for access, waiting for another maintenance
worker, discussing symptoms and remedies,
arganising 1ifting tackle, transport).

* Reducing workers travel time (data retrieval
without travelling, optimizing time between
Job assigmments through balanced capacity

* Reducing complexity of work and yolume of
clerical work, reducing complexity of work
and Job order generation through automatic
copy of work order and job card documents,
simple access to catalogues,mamials and

_ {mdriuinss. simple reporting and data retri-

- Improving manpower performance by:

'* control and reconciliation of Jjob hours to
clock hours(better supervisory control,
better scheduling through arranging the
outstanding work in lists allowing alterna-
tive options to be considered before fina-
lising the schedule.

* exploiting cummulative experience and having
.the ability to respond quickly to changes and
energency situations,

* timely identification of limited resources
required tc progress the work.

. .




#* jdentification and rectification of
- common defects.

* comparison of manpower utilisation in
order to identify skill requirements and
training needs and menitor training/personnel
policies.

3. Keduced spare parts snd materiels stock,
- Decreasing average stock levels

. * decreasing minimum stock and number ot re-

. ' plemishwent orders (immediate record of
movenents, known maximum lead tine. deferred
stock replemishment),

decreasing the mmber out-ot-stock situations.
stock level check at each disbursement.
improved stock requirements forecast.

timely reservation of spare parts.

identification of high vnluc and high usage
items,

eliminating "dead' and low turnover iteas,
suppressing excess or obsolete parts.

* standardization(up-dated "where used® lists
substitute part stock movement analysis,
concentration of purchasing effort into
major items and analysis of alternative
vendors, alternative items and components,

* 1dentification of outstanding purchase orders
and thus non-redundancy o orders.

- Decreasing spare ‘parts usage
* supovressing 'hidden stock®.
#*# increasing return

* automatic check of umused or repaired
parts to be returned,

.*» timely decision for repair and/or recorditioning,

- Introduction of coding which allows links with
maintenance materials requirements planning and
rationalisation of stock.

- reduced clerical effort through feplacement of
manual records system with oneline receipts and
disbursement as well as inquirln.

. - Reduction of the adwinistration of information
v processed between the stocks and purchasing.

= Improved overall accuracy and relevance of data
resulting in reduced time spent reconciling stock
checks and carrying stock managemgnt,

- reduction of overall costs of materials carrying
:nd h:nc)llins ( lower stores costs per unit main-
ained,

xOW K W W

*
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4, Reduction in Direct: and Indirect production costs,

Extended plant/equipment life.
Iuc_reased production volume and yield.
Improved product quality.

Reduction in product rectification and
other finishing costs, - '

Reduced energy costs through better equipment
deficiency identification and energy control.

Reduced idle time (less non-productive costs)
and reduced unit operation costs.

Effective capital investment policies.

5. Improved Fin. acial Control. .
' - Financial Control (understanding of costs of

deviations from the calculated optimum =
whether "overmaintenance is more costly than
"under maintenance® and vice-versa) '

. Possibility to ocalculate the optimum trade

off point (internal) at which maintenance .
becomes effective and specify ( in terms of
costs) each of the contributing factors.

Assess both the direct(manpower, materials,
equipments) and indirect costs(penalties
assoclated with doing maintenance).

Assess the impact of any potential modification
to the design, operational practices, staffing
levels, etc. in direct $ per hour terms. (esti-
mates versus systematic financial calculations;
majority of engineering parameters can be re-
duced to -financial measurements,$00)

Budget control and cost analysis (per cost

.centres, equipments, maintenance centers,

manpower etc.)

Life cycle costing (feed back of the total
maintenance hours and costs, estimated downtime
costs in terms of production loss, addition of
materials affecting total salvation of the assets,
depreciation factor over life cycle)

Comparison of costs of various renewal policies
for jJustification of new equipment replacement, -

6. Ot In ble ben . Im

¢ Improved management reporting and better

‘creative’ use of managerial skills.
Improved communication and feed back.

Improved accuracy and timeliness of information.
;gndling large volumes of data without
sses.

Improved conditions for full mahagerial control
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- Improved discipline and motivation

- Improved '3hine’', functional status(customer
impression, staff morale and confidence.)

- Compliance with absolute requirements
e.g. Govermment safety reul.ations.
egal Qte)o

= Improved co-ordination between deparhents.

- Impraved custoser service and satisfaction etc.

To illustrate the above mentioned benefits, let
us describe now several GMS case studies from Iron
and Steel Industries as well as more general oms
survey results from both more developod and deve].op-
ing countries.

Very good tangible I-lpmv-m: were nchieved
by INLAND STHEL, the 7th. largest US steel maker
with 7 Mil.tons of saleable products (Indim lhrbour

Integrated Steel Works).
) 10% increase in plant availability
* 10X increase of labour productity in maintenance.
' 10% reduction of spare parts inventories.

The CM4S was developed in the general integrated
version by corpany'’s own EDP and maintenance personnel
over extremely short period of 1.5 years using IM
mairtenance computer dual processor systes( 6 Megabyte
memory each ) and the network of about 600 terminals.
The whole system yvas implemented throughout the works,

An Americen study of OMS benefits in various sec-
tors of industries indicating (OMMS impact on unit costs
revealed the following:

" Reduced down time by 2 - 10%

Increased Manpower utili- -
zation and productivity by 10 - 15%

Improved product 1 »
(reduction in scnp’uuxoby

Energy savings by - %
Deferred capital replacement 10 15%
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'In Japan, the Keilin Works of Nippon Kokan
belong to the most modern steel works with the
‘annual output of 5.5 mil.tons. The ratio of main-
tenance cost. to turnover being 7-8%. The major
objective of CMMS was:to Teduce maintenance cost
(the maintenance manpower being 20X of total man-
power). Whilst the total investment into GMMS
implementation was yen. 700 mil. the resulting
annual decrease of maintenance cost was yen.500 mil.
Out of this,maintenance labour was reduced by 3,2%
with additional improvesent of stendardization in
planning and reduction of psperwork. In general,
the OMMS in Japanese iron end steel industries is
oriented more towards "Intangibles” due to their
high degree of’ automation, quality and productivity
already achieved(e.g. Nagoya Works of NSC, where
the main objectives of OMMS were planning standar-
dization and efficient coordination of interrelated
departments and processes).

Very conservative tangible benenta( based on
survey of United Kingdom OMMS end users) were re-
ported as"guidelines® for O®S Jjustification
process:

Increased plant awailability by %
- Increased manpower productivity b 3%
Reduction of stock levels by 5%
Energy savings by , - M

An interesting analysis of economic significance
of CMMS was reported in a Swedish survey of 55 indus-
trial cospanies, assersing the economic significance
of various factors and the extent to which OMS in-
fluences these( for the assessment a scale from 1 to
5 was used to indicate little or great influence,
respectivelys A indicating the importance of the
factor to the company, B indicating posribility to
influence these factors by CMMS, see table below)

L/
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: A . A*B
Plant availability 4,7 4.8 22,5
Quality improvement 4,7 3,2 15.0 -
Tied-up Capital &0 2.8 11,2
Delivery tise . &6 3.4 15.7
“m‘.’!”_‘ T 30 -2.5 T4
Safety aspects 4,5 4.0 18.0

Shell International Petroleus(Netherlands)
described the follewing major benefit achievements
through OMWMS :lutroducuon.

Increased Plant availability by .
" Manpower cost savings by 2.5% - ™%
Materials cost savings by 2.5 - %

Talking about actual benefits of OMS in-
troduced as a typical UNIDO p.llot project in a
" _developing country let us take the exsmple of
EISCO Helwan, ARE, which introducel system in
two phases (basic system during 1973-81, extended
system including production control and planning
functions during 1961-86). The following is the
comparison of the recults achieved during phase 1:

Total production 465,000 T 1130,000 T
Production. workers . 18,000 15,200
Maintenance workers ' . 8,000 9,600
Production of spares. - : 6,000 34,000
Consumption of spares/ton 14-22 KG 8-12 KG
Total inventory(£ mil) ' 4,7 .0.27

No. of inventory items 132,000 154,000
Manhours maintenance 80,000 65,000

( per month)

Average meantime bebween failures 12 hrs. 185 hours
Total profit of plant(£ mil,) 9.0 34,0

No. of computer staff ' 28 135
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Another illustration case study of UNIDO
large scale project implementation was introduc-
tion of OMXS in East Slovakien Steelworks,Kodice
( 4 Mil.ton integrated steslworks); Czechoslovakia.
The anmal tangible savings achieved through system
hpl-onia tion can be a-l.rlud as follows:

. EACTOR - - C3 crowns(Shousands) - _X_
- Savings due to the lower
downtines of key produo- - 9,239 14.6
tion neantxu. .
- Sav:lnga due to the lower .
iuventory levels of spere 11.000 ) 17.4
- Savi due to the lower .
m.n ¥ gal't 18.500 29.2
(roreign _ .
- a MM
. prosuctivity ot zed ..
un-blg repair{150-160 - 12,400 19.6
Ployees '

. = Saving due to the increased 6.880 10.8
volume of assemblies and .
spare parts reconditioning.

Rt R Py b -'
a ng in e 7 .
spare parts mamifacture - 1,260 2,2
i.e. shops. ’

- Savings due to the improved
planning of repairs and man-
power utilisation (90 - 95 3,700 5.8
employees) - .

- Savings due to the lower
rescheduling of maintenance 2640 0.4
Jobs and transportation - . > oo m ..o o

times. poea) annual savingss 63,319 100.0
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Considering the overall calculated costs
of CS:Crowns 115,678 million for OMMS
development, routine operation and main-

" tenance within socalled “economic life" of
the system (i.e. period 1979-1989) and
the corresponding total savings of CS

’ . Crowns 296.114 million stemming from the
gradual system implementation #4nd improve- -
ment during that period (for illustration,
see the total anmual savings above) the.
investment return ratio (i.e. economic '
Justification) is approximateliy 3 years, :.
i.e. the indicator of econosic effective-
ness per one CS crown (as used in CSSR

for economic Justification of computer
systens applications) is thus 296,114/
115,678 = 2,56 crowns, a value fully Justi-
fied for such a computer application project.

Another interesting example is the
CH1S benefits study for two major SIDERMEX
steel plants in Mexico (AHMSA,Monclova -
3 M1l.vons plant, SICARTSA, Lazaro Carde-
nas, 1 mil.tons plant) under UNIDO SIS

. _ project in 1985. The following major

factor/benefits were identified and esti-
mated during the study:
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* Increased plant availa-
bility.

-

* Increased sanpower
productivity.

* Spare parts and laterial
inventories savings. - '

* Spare parts and agseablies
repa:lr ‘and mamafacture.

'l'otal Est. Savings.
( in M1, Pesos )

Est:l.natgg 56 of bmﬁg;

1. Production equipment.

* Increased plant availability
* Reduction of breakdowns

2. Maintenance manpower,

Setter scheduling

Better SP availability

Lower subcontracting

Overall productivity increase

Spare parts and materials
invmtoggs,

Reduction of stock levels
Reduction of mmber of SP
. Reduction of warehouse cost
' Overall material savings »

Spar; parts repairs and
mgnufacture.

* % ¥ x

3]
.

* & % %

&
.

* Increased production of
SP and assemblies,

* Increased volume of recondi-

tioned spare parts and assem-
bli"o

* Reduction of SP imports

SICARTSA AHMSA
8,910.00 22,027.00
454,01 1,108.50
412,90 . 2.508_'.25
261,90 369.60
10,018.81 26,013.35 °
-10% 16%
LO% bk
8% 16»%
18% 10%
10% 10%
208 - 35%
10% 2u%
8% 13%
2.5% 11%
L% 5%
25% 25%
11% 10%
10% 25%
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From the above examples of CMMS case
studies it is apparent that each OMMS project =
should be subaect of a thorough justification
based on a cost evaluation- ‘management audit
and/or feasibility study, showing the improved
effectiveness and eff:l.c.iency with the existing
resources. The oonparison of the benefits to
be achieved and costs associated with omMs
1ntroduction and operation over a period of
time and thus the assessment of economic
effectiveness of such an investment project
should be part of a ® justification report® i
to be approved by the company management
and/or respective Govermment Supervi sory autho-
rities. : ’

So far. the benefits of OMMS were
described. Let us, then, also consider
costs that should be assessed, 4in the justi-
ﬁ.cat:lon process., These should include the
following:

1. Costs for the management audit study
of OMMS obJectives, specification of
necessary procedures, areas for pos~
sible improvements, priorities etc)
which can be carried out by the
company®'s internal management Ser-
vices experienced statf, external
consultants or UN experts ( e.g.
through a SIS project)

2,  Capital costs of computer hardware,

- These will include,inter-alie,
central processor unit (units),
central memory, back-up storage
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(disks, tapes), terminals, prin-
ters and other peripherals. These
costs will depend on hardware con- -
figuration proposed-sain-frame
computer system , minicomputer
spstesa, personal computer sys-
tem and/or their local area net-
work, ‘Single versus multiuser
configuration, size of network,
size of company, plant layout,
shopficortterminal eccess, exidt-
ing and required comaunications, -
(modens, lines) volume of data/
existing and required -and future
envisa:ed computer applications,
Government import/customs policies,
etc. Besides these major capital
hardware costs, additional costs
for installation, power supply
stabilizers, aircondition, renova-
tion of office space ( terminal
cells) suitable furniture, cabinets
and hardware maintenance costs should
be also considered,

CMMS software programmes developmant
and/or purcha.e costs. Actually a
mmber of options is available now-
a-days - oMs development by own
staff, OMS development by outside
subcontractor, purchase of a stan-
dard package,: Joint CMMS development
effort with subcontmactor, modifica-
tion of a standard package by own
‘staff, modification of a standard
package by the vendor, and various

combinations of above., The cost of
4
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of the software will usually depend
on the variant chosen, scocpe of
OMS and its functions, size of
application, generality and modu-
" larity of the software, user friend-
liness, dependancy on particular ’
' .hardware, systems software ( Database
Nanegement system, progra-h':g lan-
. guage to be used) etc. The choice of
appropriate option and/or combination
depends on a large mmber of factors .
and therefore a thorough appraisal -
shmu.d be made (see later in part 3).

4, So called *hidden eoats“ these includ-
ing management input and assistance in
the proposals, systes design and deve-
lopment and implementation, time and
manpower needed for data collection/

_ data entry and system loading, time to
make system operational (implementation-
final runs, testing etc.) and time and
costs of required training and documen=- -
tation (both EDP and maintenance perso-
nnel. )

Actually, CM1S justification should be
a comtinuous process, starting with the above
mentioned fact finding (or 'mapping of current
situation), feasibility study and project pro-
posal, project costs monitoring,. post-implemen-
tation audits which would evaluate the benefits
and thus useful comparison bebween original
estimates and actual figures could be achieved,




To illustrate several of many various
. possible approaches for the -Justification.
process, let us assume for the sake of simp-
licity, that only hardware and software cost
are considzred in the Iollovginz hypothetical
examples: - )

Example, ]

A3

. i) Downtime costs berore amMs .
. » introduction, Us $§ 1,500,000

ii) Downtime costs after oms .
introduction, : us s 1. 350.“

iii) Savings achieved through
- CMMS 1.e. m of O!‘igiml’

downtime costs (1) s 3 150,000

iv) Costs of PC hardware Us$ - 8,000
v) Cost of QS software . Us $° 19,000

" vi) Total costs for OM1S Us § 27,000

vii) Assume 3 years amortization
(annual depreciation) Us s 9,000

Then real annual savings due
to M8 for the enterprise are . US$ 141,000
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Example 2, _
1) Estimated maintenance labour  US $ 900,000
costs. ‘ . .
: 11)Zstimated maintenance material A _
."“ cost'. » ) Us s m.m
111) Estimated downtime costs - U3 8 300,000
Total cost US $ 1,600,000
, iv) Estimated saving through o
» OiHS 106 - 7. .US $ 160,000
" v) Costs of PC hardware - . US $ - 8,000
vi) Cost of OMS software ' US$ 19,000
.vil) Total costs for CMMS Us$ 27,000
viii) Assume 3 years asortization
(annual depreciation) - US § 9,000

Then real annual saving due to
CG#4S for the enterprise are Us § - 151,000
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OMS consists principally of the application
software (which supports selected computerized
maintenance functions as discussed in the Pre-
vious pert) written in a particular programming
language (COBOL, BASIC, C laugusge, and various
4th, generation "user friendly® programme lan- _
guages report/screen generators), tle computer
and communications hardware (central processor
unit, main memory or RAM, back-up storage
media, data transmission proceasors/controllers,
wmodems, c~™: lines, terminals, also usually
called VLU - visual display units and classical
Peripherals (printers, reader, scanners etc.)
and systems software, i.e. operating system and
other various housekeeping software, as data
bank manager etc. '

The size of the organisation, experience
with computers, available financial and skilled
manpower resources, mode of operations ¢.apture
and ‘data availability, OIMS objectives etc.
influence the total hardware computer configu-
ration, CMS started their developmént . and
implemertation using central * mainframe ®
computer with terminal network (the socalled
corporate multidisciplinary mainfrase). In
the beginning of eighties, the computer market
launched much less expensive micro and mini-
computers which enabled rapid introduction
of OM1S tb medium and small scale industries
in developed countries, based on single ter-
minal or multiterminal and single processor
or multiprocessor (local ares network) come
puter hardware configurations installations.
This trend was reflected in large organisations

- %
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too - many »'dissatist:l.ed‘ users' - having ac-
quired basic skills with personal coaputers
initiated rapid development of *distributed®
systems, the ultimate result now being, how-
ever, move awey from these stend alone sys-
tems to large "super® multi-processor cen-
tral systems with effective central EDP
Dept. overheads, fast comsunications aend
guaranteed on-line system and data availabi-'
lity. The use of micros ( or - socalled
professional personal computers) and minis
(although nowadsys the frontier between
these two’ categories is diminkihing),
provides a large poteatial for ‘O4iS intro-
duction to small scale and medium scale
indugtries of -developing countries due to
the low costs of hardware and relatively
" inexpensive standard OMS general software
packages (in particular using the advantages
of centralized. development of skilled
resources and dissemination of know-how, -
through regional/subregional network of
co-operating organisations.) '

The essential. characteristics and para-
meters of the above mentioned computer hard-
ware systems to support @MS are as follows:

de ' raon

- 8 bit or 16 bit'proccnor or even 32
bit processor (depending on the
latest model(e.g. the IBM Personal
System 2 model 80 is based on 16 or
32 bit boards with 80386 processor
speed up to 20 MHz)
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= RAHM (internal memory ) standard size
128 or 512 Kbyles (IEM personal
system . 2 now provides standard RAM
from 640 K bytes - 2 megabytes).

- Floppy / hard dish drives ( one or
" two floppies with hard disks upto
~ 20-100 megabytes).

- Limited number or terminals(usually
single user system, maximum 4-8
9 ~' terminals) ) )
. ' * = Standard Operating system and language,
. limited graphics. -

- Transportable application programaes
- Cost range US § 4,000 - 40,000,

2. nini-computer gystemg
< ‘= 16 bit or 32 bit processor
"~ = RAM 512 K byles and pius ,

< fixed/removable hard disk drives
- 8 and plus terminals”and printers
(often with possibility of link

) o - '\'d.th PC local Area Network.

' ‘= Stgndard or non-standard operating

 system with archiving facilities.

- Cost range US $ 40,000 - 140,000

3.' M‘n-r O] o’

- 1 Megabyte and plus main memory (for
] larger (MMS 6-12 Megabytes wemory
 modules are required due to large
house~keeping ‘overheads). |
- extremely powerful processing (usua-
lly several processors - also for
back-up reasons) with multi-sharing
of resources.
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= terminal network imnll:l.salon con=-
thol uxing special purpose proces-

80rs.

-mOHegabytesandplnshnrddisk '
drives.

- non-standard and highly sophisti-

- cated operating systems and full
range of programming languages -
including user friendly 4th. gene-
ration programming languages.

- application programmes hardware
and software dependent,

"= cost range Us § 140,000 and plus

For illustrativc examples of these 3 major
- types of CMMS computer hardware con.tigurat:lons.
see figures 7, 8 and 9. '

The required computer hardware configuration
depends on a number of factors as mentioned
above. Nevertheless, the following simple hard-
ware purchasing rules are recommended to be used;

- examine the O"MS spplication.software
requirements first. .

= never buy the first (new machine) but
rather already established uch:l.ne,

~ do not be impressed by system sophis-
‘tication and gimmics.
. « observe care¢fully govermment import
" policies on both the computer, psti-
pherals and spare parts.
= ensure it is upwards upgradable as
vwell as extendable to a multi-
‘terminal system and compatible with
existing system (if necessary).

<




-
= compare total costs of an enhanced
system at the outset ( price of
enhancement of peripherals).
-~ do not keep waiting for prices
to drop.

- eouslder that a good meintenance
support “(both hardware and sys-
tems m.»m.uwmm

'-lckemreyoucm.ddduk ‘capa- -
-cities,com. lines eto, -

-donotsaveonthequnntyotthe
peripherals, )

The computer hardware configuration hes
a considerable impact on OMS functions and
their implementation and vice-versa. From
this viewpoint stem CM1S software requirements
and features that can be summarized under the
rollo\d.ng headings: ‘
.= Systems functions and structure
- Modularity and integrity
= generality ( dependance on parti-
cular hardware and systems software)
. = Flexibility and adaptibility, .
= Transportability of both application
software and data
. = User friendliness
2- = System documentation

Having specified the OMS functions and re-
Guirements and resources available to meet main~-
tenance lanlg-ent obacct:l.voa tm- are essen~=

tially & approaches to tm .cquut:lon of OMS
software:
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1. Own ‘in house' development by
Joint effort of EDP and mainte-
nance departments (which is
usually time eona-insl

2. Developnent by an outside party

. (software house, consultancy
firm) and jJoint implementation
(which 1s usually cost eonst-:l.ns)

3. Purchase of a sultable packege and
its modification in eo-operation
with the vendor (softwere house,
large end user in similar indus-
trial sector, hardware vendor)

4., Purchase and adoption of a stan-

' dard package (which Fequires
changing of local procedures and
organisation to suit the requi.re-
ments of the paskage) 7

Although theoretically approach ad 1) i.e.
own develop-ent should bring most satisfac-
tory results due to the familiarity wvith
procedures and enviromment, it is usually _
time-consuming (there are large steelworks
in developed countries, where, mapite,ot

10 years' effort, the (i3S has not been
fully implemented yet), software needs ex~
tensive validition (local bias), the docu-
nentati.on may not be adequate and in
particular, the software support is in~-
adequate. This epproach is apparatly

not fepsible for developing country. The
‘same holds practically for ad 2) where sig-
nificantly higher cost srise and the client

i
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is often "overdependant® on softwere vendor
and sometimes is not able to continue mmooth
C#1S operation and maintenance due to the
lack of experience and/or adequate training,
fluctuating of skilled menpower, etc. The
latter 2 approaches have become most feasi-
ble these days, in particular with wide
range of available packeges, and less ex-
pPensive hardware. The tolloud.nq factors
should be considered in the OMM4S soﬁ:vare
appraisal and packsge evaluation: - °

- ONS functions included
~ Software imbodying the functiona-
1ity shoild conform to computer

hardware strategy prevailing in
the organisation,- )

= computer type and mgmory size,
storage required by the aystem
and terminal network.

- Operating system and data base
management system used

" = communication abilities.

- software price and its structure
) (basic fee, licencing, service
- support, training etc.) :
~ evaluate software maintenance availa-
ble (bug fixing, new releases, main-
tenance charges)
= Vvalidate the software through the
demonstration and visit to other
installations.
= study the level and quality of soft-
ware domcntation.




. =30~

- establish yhdther the software is
locked or unlocked / source deck.
should be provided, '

- establish viability of data tmﬁer.

" how all the communication will be

handled (hardwere or software ao].n-
ti.on.)

_ ) Actually. many of these tactors can be
"advantegeously used to. specify" your organisa-
tion's further needs and check the feasibixity
of your systes specification and precondition
for QS introduction. S '

4, Pre-conditiong of in ro ‘t 'on o.f A

~ For the successful introduction of QIMS
in bqtﬂ developing and developed countries
certain basic conditions are required to sup-
port a new maintenance mansgement and planning
aystem 1nvolv1ng eo-puterizntion. They could
be generally soudatized as follows on the
enterprise level:

- positive management attitude and
clear objectives on both senior
and line management levels.

- Basic planning functions and
" appropriate planning staff.

- Basic administrative procedures
for work reque'sts. work orders,
and materials and spare parts
requisition,
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- preventive maintenance routines
and jJob descriptions.

- Equipment; and spare parts cata-
logues and documentation.

. = Availability of valid data,
history and statistics.

Correct climate of the shopfloor
work force. : o

suitable organisational si':mgture.
© - availability of basic skills in
‘both industrial maintenance and
‘informatios (basic “computer
culture® ) '

- support of Government counterpart
7 authorities. :

- Existance of domestic resources for-
"hardware and software maintenance.

- existance of training opportunities
in EDP field, - -

- availib:l.l:l.ty and/or potential access
to financial resources. for the pro-
curenent/development of OHS soft-
vai'e. hardware and training.

This list will, of course,nevér be
complete and also specific factors evaluated
in the fact-finding/feasibility study (justi-
fication process) and those mentioned in the
CMMS hardware and software evaluastion should
pe carefully observed. On the other hand, not
all of the pre-conditions mentioned here are
an absolute "must®. Some of them, depending

4
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_ on the specific, local situation.'may

be overcome.and alternative solutions

can be found. In fact, in case of the
UNIDO GHMS projfct. they are usually
assessed thmugh tact-t:l.nding and dia-
gnostics missions and various alter-
native proposals are recommended based

on the mission I:l.ndings' and observa-
tions and discuulons with both enter-
prise and Govermeut authox:lties. 'rhi.s

: ,parl:xcularly holds for re;iomj. pmﬁects.
where usually not all parucj.pating indus-
trial organisations can uauauy meet

the preconditions for successful C¥iS
introduction. Therefore, special organi--
sationg/institutions (Centres) which
have necessary infrastructure and know-
how and skills and facilities to assist
smaller enterprises are selected as -
national "focal points® to which the

~ participating enterprises in the country

_ are linked. Moreover, the various nation-
al focal point institutions (centers) in
the -region/subregion can support themsel-
ves in the selected areas of OMMS develop-
ment, exchange of know-how and enable the
interested enterprises on national level
to meet the preconditions (e.g. through
specialized training, technical workshops,
advisory services, Government and/or UN
financial) support etc). Usually the most
capable focal point of the regional nete
work (that meets majority of the above~
mentioned pre-conditions and has leading

" role) capability) is selected as the
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regionql network leading centre, responsible
for the overall coordination and. support of
aNis Qeveloplent .and implémentation. For an .
illustrative example of such a regional net-
work, see Figure 10, depicting the structurg
of Europesn regional project for PC based

! .CMMS- (umla'lloss). In fact, UNIDO provides

th:fotggh preparatory assistance projects re-
quired technical asaistance to assess and
create necessary conditions for the OMS in-

. troduction, including the support of Govern-

ment and UN authorities to raise the neces-

sary funding on both national and regionsl
levels.

Recommendations for OMMS Introduction
and advanced concepts to be used for
s,

First of all, the maintenance function to be
computerized should inclyde all stages of
capital investment from planning, procurement,
erection to operation, ‘laintenance. ‘design
improvement, phase out and replacement,
This concept, also considering life cycle
costing is often referred to as Teratechnology
concept i.e., the 'nultidiscipnmry approach,

‘Each CMi4S project should be subject of a

thorough justification based on costs and
benefits analysis and/or feasibility study

which would compare the estimates of costs
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and benefits associated with QMS over a
period time, i.e. assessment of economic
effectiveness as an investment project
should be part of the Justification re-
port. CHBS Justification should be a
continuous process, starting with the .
fact-finding, feasibility study and :
project proposal, involving project

- actual costs monitoring and ending with
post-implementation audit which would
evaluate ﬁ.nally the benefits and effec-
tiveness achieved as well as identiry
future possible Mprcvenents and stra-
teg;les for their developnents.

Benefits and cost eva:!.uation might
follow the checklists given in part 2
of this paper, providing more detailed
analysis under appropriate headings, -
:ln particular increased plant availabi-
lity. increased manpower utilization and
efficiency, reduced spare parts and
materials stocks, improved financial con-
" trol and production costs and other tan-
gible and intangible factors (e.g. energy
monitoring and savings, improved spare
parts manufacture and reconditioning etc.)
Generally, the following % of estimated
savings could be used in davcloping coun-
tries as guidelines:
Plant availability - 5 - 1_59‘
Manpower utilisation 8 - 20%
Reduced stocks .2 = 20%
Spare parts manufacture 10-25%
" Energy savings 1- 5%
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The advanced costing concepts ( so called
"Anlagen wirtschaft" as introduced by
German economnists) take into considera-
tion the trade-off direct maintenance
costs and downtime costs in relation to
capital costs (anortization) and production
costs in all various stages of the life ,
cycle as well as in relation to other enter-

- prise commercial, purchasing, financial and

personnel functions. Such an integrated

‘approach is, however difficult for the

implementation in numerous developing
countries, due to the specific prevailing
conditions {e.g. lack of foreign exchange,
Governsent sector poljicies etc.)

CiiS software requirements should be eva-
luated taking into account the system
maintenance functions and structure, gehe-
rality, modularity and integrity, flexibi-
lity and adaptibility, transportability,
user friendliness and the resources avai-
lable (financial, skilled maintenance

and EDr manpower, hardware etc), and the
CM1S software package appraisal rules as
pProvided in the check list in the paper.
Careful attention should be paid to the
appropriate approach to the acquisition
of CMMS as.mentionsd in the paper;. too

(4 basic approaches with their possible

- combinations).
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The same practically holds for hardware
computer configuration for OMMS, this
depending on the existing resources, size
of organisation, CMMS functions and objec-
tives, data availability and capture, mode
of operation etc. The hardware purchasing
rules evaluatien as given in the paper is
recommended to be followed. At this parti-
cular point it should be noted how the
development of inexpensive micro {personnel)-
computer systems give a "green dgm_l" to
CrMS introduction for small and medium scale
industries in developing countries. Beside

- their price and possibility of application
of wide range of OM4S software packages,
they can also provide the possibilities for
performing local specialised functions(some-
times out of the scope of the package) using
spreadsheets, editors, data bases etc. and
their use as intelligent temminals linked to
the main frame computer of focal point in-
stitution or local area network.

The preconditions for successful introduction
"~ of CMvS are clearly spelled out in the part .
4 of the paper. It should be noted, however,
that a number of them can be overcome through
adequate selection of OMMS software acquisi-
tion (e.g. use standard package when no
proper maintenance procedures are used -

this will help to establish them), use of’

UN and Govermment assistance to acquire
skills and resources required (e.g. the

~ establishment of regional, subregional
networks with focal point institutions) etc.




" The implementation of GMMS should be tased on
a well coordinated phasing of G¥¥S functions
to be introduced and the overall project work
plan ooth in time and physical sites. KNot sl-
vays is the most critical maintenance plant area
suitable to start camputerization with., A care-
ful selection of pilot implementation area should
te made -using as criteria the pre-ccnditions
listed in this paper (eg, dsta availability,
deta collection and system loading, end ugers
cooperation, suitatle timing etc,). A specizl
® - attention must be paid to the coordination of
" system testing, terwinals installetion and user
training, The transfer from the manual system
to the computerised ome should be gradual in
order to allow toth end user and BDP steff to
get used to the using and rwmning of the systen,
particularly ia the on-lin® mode of operation
of largcr GMMS. For each installation one person
should be given respongibility for system operation
which also incorporates adeguate procedures for
system back-up, Sufficient programming capacities
{20-30 % of development capacities) should be
asgigned for both implementation and pos t-imple-
mentation period,

As mentioned earlier, during the posteimplement-
ation period new improvements: can be graduslly
introduced, e.g., use of modern concepts as

plant condition monitoring using microprocessors, -
reliability analysis, expart aystems for tech-
- nical diagnostics, links to CIM, PERT, opers-~




_ tional research methods ( e.g. for si-

- mulation of mntenancypmduction _plans.

coordination, failure prediction), CAD
(Gomputer Alded Design). systeas to _
link with drawings, design modification,
documentation etc. as well as modern
maintenance strategles like the above
mentioned teratechnology, logistics engi-
neering, total productive maintenance _
(the famous Japanese concept introducing
preventive maintenance with all employees
participating) and others. The future
field of such improvements will be broad
enough to challenge our resources, skills
and professional courage to contimously
innovate.
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