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FOREWORD

In this report modern maintenance systems activities

typical for effective maintenance in metallu~gy are described
and recommendations on tke implementation of modern managed
maintenance csmputer systems ers proposed, based on the
experience from the implementation of the Czechoslovak UNINO
large scale pilot projact "Application of a Moderr Mainteasnce
System in the Iron and Steel Incusiry"”.

In the Introduction of the report UNIDO policy in metallurgical
irdustries is outlined, The meintenance functions, organization
and the structure of modern maintenance systea are described in
the next Part 2. An emphasis is given to a more detailed
description of the above project main activities and implementa-
tion steps, these providing en emple example of modern maintenance
systems activities, Part 2 describes briefly possible benefits of
modern maintenance systems in manpower elficlency, spare parts and
materials stock savings and incressed productiaon facilities
availsbility, providing also ‘oncrete examples of these benz2fita
in actual figure<, In Part 4 then the recommendati~ns for modern
managed maintenence systems in the areas of manpower resourcgs end
management, triining, system development, hardware and sevvices
procuremer.t are given based ar the experience from the above
menticned Czechoslovak UNIDO project.

A List of Exhibits as referrea to in the text of the raeport is
enclosed in the Annex of the report.




TABLE QF CONTENTS Page
1. INTRODUCTION 1
1.1. UNIDQ Policy in Metallurgical

Industries and Maintenance Systems ........cc..04 1l
1.2. UNIDO Technical Assistence in Maintenance

for Czechoslovak Metallurgical Industries 3
2. MODERN MAINTENANCE SYSTEMS ACTIVITIES 5
2.21. Maintenance Function and Organizatiom ........... 5
2.2. Modern Maintenance Systexm Strugtura Vi
2.3. Cszechoslovak UNIDQO Project Main Activities ...... 14
2.4, Maintepance System Implementation Steps 25
3. BENEFITS CF MODERN MAINTENANCE SYSTEMS 27
3.1, Increased Manpower Efficiency ..........coovuense 27
3.2. Beduced Spare Parts and Materials 3Stock 28
3.%, Increased Production Fecilities Availabilisy .... 28

Examples of the Benefits of

the Csechoslovak UNIDO Project 29
4, FINDINGS AND RECOMVENDATIONS 30
4,1, Euman Besources .........cocecececnn tecesnssesaes 30
4,2, Training 30
4,3, System Development and Implementation ........... 31
4,4, Hardware &and Suf'ware Procurement 32
4,5, Consultancy Services ........cocecvvevvcensscnnes 32

LIST OF EXHIBITS 34




and Maintenance Jystems

The United Nations General Assembly created UNIDC "to promote
and accelerate industrialization of developing ccuntries with
emphasis on the manufecturirg sectcer.”

UNIDO believes that there are a series of industrial activities
indispensable to sustained ecoaomics growth, the &btsence cf any

one will crirpple eny efforts co cational progress. UNIDU considers
that the metallurgical industry is one of these essential
industries and the cpersation and meirtenance activities within
metellurgy is a keyfactor complementary to the efficiency cf any
metelworkirg or metal processing activity.

1. INTRCICCIICN
1.1, UNI2O Policy in Metallurgical Industries

It i3 consicered by UNIDO that for a fulfillment of tna ahove
objective it is pecessary for irndustry, botk existing and to be
esteblished, to be provided with tke besic gereral services vhich
will guarantee its operation. Thus the establishment and operation
of managed maintenance system: with tkz characteristice described
below, is indispensable tov the effective imp.ezentation of any
major development programrme in metellurgy and ozeration of ccstly
metallurgical manufacturing facilities and iron worhs,

The implementation of activities described in the following
pages, and the projects sccepted ty TNIDO for executiom and which
are ccocerned all or in significant pert with come aspect of
managed maintenance systems activities, are the respon.;iibility

of the Metallurgical Industries Section, of the Division of
Industrial Operations of UNIDO locet2d at TNIDO Beadquarters
UNICITY Vienna, Austria,

The main functiocn of the Letellurgical Tndustries Section i to
facilitate and provide technicel assistance in the iastallation
and operation and maintenance of metallurgical jndustries in
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develozing cocuntries, llietailurgical industries ccover the
rroduction c¢f primery metels esnd tkeir alleys, in the ferm of
ingots or slabs (ircr, steel, aluminium, copper, lead, zinc,
pickel, +.n, etc,) and tkheir manufacturing intc semifinisned
end/or rinished metel rroducts (pletes, sheets, rods, reils,
cections, wires, tubes, castings, forgings, etec.).

The techrnical assistance programc-e of the Letellurgicel
Industries Section to developing countries is implemented mostly
through the proviszion of exzerts, consultirng firms (contractors),
equipment, fellowship training and study tours in the fcllowing
main fields of metallurgy:

a) Light non-ferrous metals {plannring, establishmeni and
operation of alumirium, megnesium eard titenum industry):

b) Heavy rcon-ferrous metals (irdustriasl processing of ccprer,
leed, zine, tin, nickel, tungsten, ore cocncertrates and
prizary metal products);

¢) Iron and steel industry (planning, expansion and/or
establishment and oreration of iron and steel industries,
ircluding processing of ores to yield added velue protucts
for exports; realistic planning through the elsbuoration
of master pians, etc.);

d) Foundry irdustry (plenning, establishment, expansion and
coperation of ferrous end non-ferrous cundries with
irtegrat 2d mechenical wcrkshops, ete.);

e) Letal trarnsformaticn technologies (roliing, forging, heat
treatment, surface treatment technologies, ete,);

f) Letsllurgical know-how and technology tremsfer
{establishrenc and/or cstrehdgthering of centres fer
zetellurgical techznolcegy: development of locel expertise
for servicing and z2pplication in the metal industries;
str:ngthening of rodsra meintenance 3ystems, establisnment

£ y ) -+ . P -
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Ir conclusion, it is emphesized +hat UaIDC s technical
assistance and sugporting activities in the fields from the
metallurgical raw materials to the end products have given
rewarding results and these ar« being stepped up orn tke tasis
of the Lima Declaration with tie developizng countries siming

to achieve at least 25 per cen® cof global industrial productiocz
in pultiple fields.

The implementation of the Czechoslovak UNINO large scale pilot
project DP/CZ/77/005 "aApplication of lodern Maintenance Systems
in Iron and Steel Industry" within the Czechoslovak National
Country Programme of UNDP/UNIDC technical assistance may be used
fcr the demonstration of the successful results achieved through
the implementation of the above mentioned UNIDO/Vetallurgical
Section activities,

1.2. UNIDO Technicel Assistance in Llaintenance
for Czechoslovek Letallurgical Industries

The growth of prcduction cutput in Czechoslovak metallurg’cal
industries is represwi.-a by a steady 5.5 % increase per year
darjrg the last decagne 17 71-80 and it has been anticipated that
this rate will even be acceleret=4 ZJuring the next Five Year
Plan 1981-85. The costs of meinterance and repairc monitored
throughout this period showed a similar pattern whilst the

value of modern new irstalled production facilities and equipment
has more than doubled; in paralleil, the demand for both qualified
maintenanca manpo®er and management and planning staff nas grown,
too. Therefore, the necessity for rationelization and izprovement
in maintenance productivity and najintenance planning and
menagement has arisen. In order to meet these ne¢ads of
metellurgical industries witkin the framework of the Czechoslovek
industry development plans the project "Application of & lflodern
Maintenance System in the Iron and Steel Industry" (Code No,
DE/Cds/77/C05) was agreed to beccme a part of the Czechoslovak
National Country Progremme of UNDP/UNIDC technical assistance




in early 1977. The preoject starting date was sgreed as
June 1st, 1979, with estimated duration 2.5 years, i.e.
rroject completion date being November 3Cth, 1981.

Czechoslovak Federal Mipnistry of Meltallurgy and Heavy

zngineering represented by INORGA Research Institute for
Industrial Management and automation was appointed as a

Government Cooperating Agency, providinz the requisite framework,
project management and counterpart organization in cooperation
with VSZ - East Slovakian Steel Works Ko3ice, the latter providing
direct counterpart platform for the proposed pilot maintenance
computer control system development and implementation.

The Govermment of CSSR egreed to utilize for tke project the
exic+ing comyuter facilities with the counterpart organizutions
to the valuz > TS # 2.5 million and to provide additioral inputs
of the total wvalue CS Crowns 17.1 million to cover for the project
inplementation requirements - thes: cemprising inter alia the
provision of salaries of counterpart personnel, building and both
expendable and nonexpenceble equipment, ccmputer time costs for
programmes development, training costs, etc. These planned
Government inputs were ir tke course of project implementation
duly increased by 33.9 % to the total of CS Crowns 22.9 million
to cover the increased requirements of this large scale pilot
project, in particular in the field of training, building
habilitaticn, installations and ncnexpendable equipment. UNDP/
UNIDO originally agreed coniribution to cover the project
requirement in the field of training, consulting services and
ncaexpendable and expendable equipment was US § 0.912 million,
71,568 inputs were during tbe project irpleme..cation increased

by 16,4 %, the total actual contribution thus teing TS £ 1.062
uillion,

The objective of this report is to describe modern raintenance
systems activities typicel lor effective maintenance of production
facilictivs in metallurgical industries, in particular thecse in
steelworks, and to p.ovide recommendations on the implementation
of modern managed maintenence based on the experience from *he
above mentioned large scale pilot prcject implamentation under the
auspices of UJIIDO technical assistance,
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2. KODEREN MAINTSMANCE SYSTEMS ACTIVITIES
2.1, .Laintenance Function and Crganizaticn

The primary function of a lLairtenance Depsrtment is to maintain
costly plant processing equipment end building facilities in an
acceptable, cperating and safe condition. The performance of
this function requireu technical expertise invelwing skilled
craftsmen supported by maintenance shop equipzent required in
the repair of parts and/or their manulecture and efficient
Plenning and management. The maintenance activities utilized tc
periorm this function are therefore generally clessified and
referred to as maintenance shop services, maintenance field
services and maintenance planning services,

a) Shop services are those associated with:

- The repair and reconditioning of parts and assemblies
involved in equipment breekdowus,

- Tne mamufacture of new parts for replacement of spare
parts inventories,

b) Field services are those associated with:

The installation of equipments and parts,

The rehabilitation of building facilities.
The replacement LI worn or broken parts.

The development and operation of a preventive

maintenance system including lubrication,
inspection and testing,.

c) Mgintepance Planrirg Services are those associated with:

- The development end operation of a planreing, processing
and scheduling and monitoring systems for all work orders
prepared for maintenance shop and field activities,.




- The dsvelopment and operation of a spare perts purchasing,
stocking and invexntory control s;ystem.

- The development and operaticn of 20sting sysitem and budget
for maintenance shop and field activities,

In order to provide proper mara  zment of a kaintenance Department
an gorganizational structure that sets forth clearly lines of
euthority and specifies accurately the inherent responsibilities
of the management and plarning positions involved is required.

The organization structure will have a major effect on both plant
availability and waintenance costs. In some plants, meintepance
activities are decentraiized, with specialists in the production
depa.tments, This self-sufficiency in maintenance can lead to
overstaffing, and the increased speciaiization of craftsmen in

many trades has caused many companies to create cenirally organized
meintenance functions, and to increase the sutomation ¢f their
workshops.

This centralization, however, brings about difficulties of its
own. For onsite maintenance, it can be increasingly difficult to
organize the maintenance work force in parallel with productioen.
This often gives rise to unsatisfactory orgenizational structures,
in which the technical responsibility that shouid be concentrated
in one unit is spread over a number of crganizational units.

When computer system is applied to maintenancs planning and
management, the advantages of decentralized plant maintenance can
be combined with those of centrsalized masintenance, The more
efficient use of manpower, the b.tter distribution of the work
load, :and the possibilities of better long-term planning that
centralization brings, cen still be possible without physically
removing the maintenance woerk force from the production areas
they logically belong to.




QOther factors influencing msintenance orgeaization are:

- Location. In some areas, external meintenence crews may be
used during peak loads, or they may take over entire specialized
paintenance tasks, Neighbouring plants elso componly loan Spare
parts to each other in an emergency.

- Technological standards, In some plants, advanced technology
means that full-time maintenance specialists are required,
making it possible o rely om outside help.

- Plant size. Small plants cannot fully employ the specialist
they need. This leads them to build up large reserves, for
example, of spare parts, and, in emergencies, to have to call
in cutside specialists under contract.

- Manpower. If work loads fluctuate, and if there are no
stapilizing factors, external craftsmen gen be called in during
operating peaks. In this way, naintenance costs cen be kept low
during normal operating periods.

- Risks of breakdown. Equipment with a high risk o.” .reakdown
requires sibstantial backup services, in the form of starndby
facilities and a much larger maintenance work force,

2.2, Modern HMaintenance System Structure

Based on the gereral maintenance fanction as described above,
the following functions and/or subsystems essentially create
the structure of a modern menaged maintenance system:
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—gintengnce Tork QOrder Creation:

- Jjob requests
- verificaticn and work order generation
- dispatchivg

kgintenance Planning:

- plant catalog

- preventive maintenance planring
- repair planning

-~ equipment legy-offs planaing

- material requirements planning

- manpower requirements planning

- maintenance cost planrirg

inventory and Stores Management:

spare parts cateclog

inventory recordkeeping
inventory control

parts and materiale ellocation
disbursement

Purchasing of Spares, jfaterigls and Services:

purchase requisition
purchase order generation
vendor date update
followup
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Sygre rParts Lenufacturs and Reconditioning:

drawings

-~ bills of material .
- routirg operations

- work stations

capacity planning and operation scheduling

snop floor monitoring and cortroli

[4

Maintenance VWork Orde: Scheduling:

job selection

CrA method aprlication

capacity planning and job scheduling

releasing mpaintenance jobs

dispatching (
rescheduling l

‘Mgintenagnce Tork Order Monitoring:

gquipment lay-ofi's monitoring
job status reporting

manpower loading and efficiency
maintenarce cost monitoring

History and Anglyvsisg:

- job completion reporting

- maintenance cost analysis

- equipment analysis

- preventive maintenance and plauned
repair cycles and standards development
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This modern maintenance syster structure =and edditicnal
specielized maintenence functions including the necessary
systen hardware and software sSupport have been exbedded
into the implementation of Czechoslovek UNIDC project
DP/CZE/77/005 "Application of a Modern iaintensnce System
in the Ircn and Gteel Industry" (hereinafter called Project
only) through & comprehersive set of the following inter-
related Project activities:

Al
A2
A
A4
a5
Ab
a7
AB
a9
410
A1l
Al2
Al3
4l4
al5

Project management and planning functions

Flanning preventive maintenance and repairs

Planning spare parts, semiproducts and materials
Capacity plaenning and scheduling of :zalntenance work
Inventory coantrol and matverials and spare paris purchasing
Spare parts manufecture planning and control
Maintenance monitoring

Centrelized Data Bank and coding systems
Teleprocessing and application transactions support
System hardware support

Maintenance economics

Experimental laboratory

Micrcprocessor based digznoustics eystems

Computer aided parts programming

Operational Research modelling

The reasons for the specification of and breakdowning the
Project’s work plan into these activities resulted from
o detalled feasibility study and analysis.
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These Project activities may ve divided intoc five basic

categories:
e

(1)
{2)
(3)
(4)
3)

Oversll functions: Al

System development nucleus: a2, 43, 44, A5, A6
System integration: A7, A8, AS

Eardware support: 4l0, Al2

Specialized features: All, Al3, al4, al5

The relationship among the Project activities is given in
Exnibits 1 and 2, depicting also the links awong Project
activities and/or subsystems with other existing corporste
computer information systems,

Note: The reader not fully familiar with computer system

development ~ork should pay attention to the following
explanation of the nature of the system development.
This will eneble him to understand fﬁIiy the project
activities and achievements,

First of all we have to realize that the end product of
the system development project is not a training centre,
institute or working factory but an "invisible" product -
system and acquired kncw-how supported by installed
hardware end developed software, Therefore, it is ealso
more difficult to monitor and evaluate 1ts progress and
achievement of objectives, The only possible approach is

to follow different stages of system develonmern These
may be summarized as’?o%Iows:

1. Fact finding - analysis of the current system
operation.

<. Feasibility study - where the basic concepte of
new system are evaluated,

3. System design specification (sc called "technical
project" in Czechoslovek terminology) - where all
algorithms, inputs and ocatputs are fully specified.

4, Programming phase - the system specs are "translated",
coded into the language of the computer.

5. Programme testing and debugging, deta collectior.




6. Irtroductoery systex imp ion (testing) end
user training ard Zocurm

7. System implexmentstion,

§. Systen operation end meinterance {incluéing
improvements of running progremmes end update).

all these stages ere part of :ystem levelopment end
life cycle, in fact & contimuous process, with feedbeck
from any stage to the previous stages. From this view-
point, it is necessary tc eveluate the activities since
phases 1 - 3 (i.e, until progremming ghase) could be
also carried out without computer facility or without
actually runring eny cozputer progremmes. However, if
we develop - stepwise ixzplementation plan, in certain
Steges it : : possible tc overlap activities using same
menpower, i,e, both system design work, progremmirg,
system testing end implementation could be carried out
simultaneously. This note kolds especielly for project
activities A2 - A9. The subsystemc 2f the oversall
maintenerce system correspomndaing to these activities
were broxen down irto priority medules end the above
described system development approach was then applied
tc these priority modules, In this way it was possible
to use most efficiently both qualified manpower and
achieve stepwise, zraduel system ixmplementation which
would otherwise rot be possible.

Because it was necessary to respect both the technical nature
of the computer systems development process and the structure
of the overall maintenance system and Project objectives, the
above listed activities bad to be implemented in the given set,

From the above set of activities, Al provides requisite framework
for the overall Project - project planning, coordination and
management, system documentation, training and transfer of
know=how. The fcllowing five activities A2 - A6 represent the
primary functions of the maintenance system:

e Planning preventive maintenance and repairs

e Planning spare parts, semiproducts and materials

o Capacity planning and scheduling of mainternance work

s Inventory control and materials end spare parts purchasing
e Spare parts manufacture planning and control




System integration and necessary links are provided by the
next four activities A7 - Al10, in particular the maintenance
process monitoring in all these primery maintenance functions
(A7), development of coding systems and data bank integretion
(A8), teleprocessing and transactions development (AS) and the
hardware support, i.e. both central computer systems,
commnication network and terminal clusters (Al0). The majority
of these functions were developed for on-line system mode of
operation which enables no. only flexible operations management
tool but also efficient combination of centraliged and
decentralized orgenization of maintenance,

Specialized modern features of the maintenance systen are

irtroduced through the implementation of activities A1l2 - AlS.
Activities Al12 and 413 provide most up-to-date means of preventive
maintenance - microprccessor tased plant condition monitoring and !
diagnostics; Al4 applies computer graphics to spvare part program-
ring a? 415 is concerme® with the applicatiom of Operational
Hesearch models in maintenmance problems, in particular the
Simulation and Network Analysis approach. The maintenance
economics and cost/benefits analysis methodology are provided

by All.

A more detailed explanation of the above characteriszed activities,
specifying activity objectivez, technical neture and ov” 8 a4
related to the Project immediate objectives and/or cuty v 38
given below, From these will also follow recommendaticns for the
develomert and implementation of similar modern integratad

mans Zed maintenance syste=s activities,
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2.3. Czechoslcvak UNIDO Project Main Activities

Planning Pyeventive Maintensgpce and Hepalrs (42)
dActivity Qbiectives:

Development and implementetion of system modules for planning
of inspections and preventive maintenance, repairs and overhauls
and facility ley-offs with regard to maintenance ordering,
inventories, spares manufacture, aveilable manpower, maintenance
costing and main productior planning and/or scheduling.

t tputs:

For main production facilities, this activity, periodically or

in enquiry mode, provides for the following:

- long term plans of praventive mainterance and repairs
(optional month, qua.. year or five-year horizon);

- long term gross requirements for spare parts/assemblies;

- gross plans of maintenance capacity requirements;

- maintenance costs planning.

In interactive mode and/or periodically in batch mode, this
activity provides data entry, update and printouts for:
- maintained facilities catalog
(covering production lines, machires, assembiies, parts);
- preventive maintenance/repairs cycles catalog;
- operations-and -standards-of-maintenance-work catalog;
- maintenance work demands;
- maintenance work orders;
- job orders for maintenance work orders;
and also, ensbled are enquiries in on-line and batch modes,




£lanning Spare Parts, Semiproducts and Haterials (43)
Activity Objectives:

Development and implementaticn of system modules for assemblies,
spares and materials requirements planning for dbcth maintenance
and reconditioning purposes, ircluding consumption feedback and
deviations analysis.

dctivity Outputs:

This activity, in interactive mode and/or periodically in bateh
mode, and in full variety of replacement paris and repeired/
reconditiuvped/mamfacturel assemblies snd materials needeaq,
enables data entry and/or update for:

~ variety of spare parts, assemblies, materials and semiproducts;
- demands;

- demards balancing;

- reservations to cover demands;

- recommendations to purchase/mamfacture/recondition,

Periodically, in enquiry mode and/or in on-line mode, this

activity provides for the following management informaticm:

- catalog of spare parts, assemblies, materials anld
semiproducts (with all relevant characteriscics);

- demands survey (including how-~thay-are-arranged-for survey);

- reservations survey (with respec? to stockpiles, purchase
orders, and internal ordexrs for mamifacture, reconditioring
and installatiom);

- net requirements balance;

- recommendations for purchase;

- recommendations for internal aanufacture,
reconditioning and installation,

This activity is closely related to activities A2 and A5

in particular - ‘a2 order to calculate gross requirements and
voen to match them with available stock to obtain net
requirements (these eitrLer purchased or manufactured), the
iaveatory control modules (45) are prerequisite.




Capacity Planning and Scheduling of Maintenance Work (44)
Activity Objectives:

Maintenance manpower planning according to the maintenance
and spares mamufacture requirements sad unifora manpower
utilization objective, including actual usage aonitoring and
work effectiveness and productivity monitoring and evaluation,

t t tputs:

For large scale repair operations, overhauls and revamps of
producticn lines and machines, this activity periodically, in
enquiry mode and/or in on-line mode, provides for the following:
- network catalog (network graphs);

- maintenance capacity resources catalog;

« network scheduling;

- resources balancae for scheduled netvorks;

- job orders for releasing orders and Jjobs;

- preventive maintenance and repair order3 schedulss with
start and comple’ion terms, including job orders for
maintenance work orders;

-~ survey of scheduled joint operations (on resources basis);

- resources catalog;

- survey of resources capacity loading;

- maintenance orders and job orders for release;

- work and accounting documents;

- survey of fulfillment of job orders for maintenance orders.

I s—
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(45)

Development and implemeatatiom of a spare parts inventory

control system, blocking of items for maintsenance and mamufacture
orders, stockyard space utilisacion and the purchase monitoring
and veundor data update,

Activity Oytruts:

In interactive mode and/or periodically in batch mode, this

activity enables data entry and/or update for:

- the variety of spare parts, assembiiss, materials and
seniproducts;

~ the vendors;

- purchase orders and their items;

- internal orders for mamufacture, reconditioning
and installation and their items;

- reservations from stockpiles, from purchase orders
and internal orders;

- inventory transactions and physical inventory takiagr;

- store locations.

This sctivity, periodically, in enquiry mode and/or in on-liue

mode, and in the full variety of replacement parts and repaired/

reconditioned/manufactured assemblies and matericls needed,

provides for the following management informatiom:

~ catalog of spare perts, assemblies, materials and semiproducts
(with all relevent characteristice);

~ survey of the level and movements of inventories,
including stockplace treansactioms (receipts, dispatches);

-~ reservaticms survey (with respect to stockpiles, purchase
ordert, and internal orders);

- basic documents for physical inventory takings and physical
inspections of the stockpiles (lubricants, protective varnish
etc, );

—_——




- trends in remirements, purchase, masnufacture, consumption;

- catalog of storepl:ces,

- survey of available and occupied storeplaces
and movement fre uency;

- vendors catalog;

- survey of purcnas? orders and their items;

-~ survey of internal orders for manufecture, recornditioning
and installation;

- survey of deliveries fulfiliment,

e t 0 e ' t (A8)
Activity Objectives:

Development and implementatiom of a spare parts manufacturing
and reconditioning planning and control subsystem, including
drawings, bill of material processor, process routing, work
center capacity loading and scheduling, shopfloor monitoring.

t t tsg:

For control of mamifacture and reconditioning of spare parts,

assenblies and semiproducts in central msintenance shopfloors,

this activity, periodically in eanquiry mode and/or in on-line
mode, provides for the following informatiom:

- catalog of products and their components, including costing;

- drawving documentation catalog;

- catalog of manufacturc, reconditioning and installation
operations;

- catalog of shopfloord, assemblies, subassemblies and
individual machines and workplaces for mamufacturs,
reconditioning and installation;

- rigg catalog;

- survey of internal orders for manufacture, reconditioning
and installation -with crder items included;




- schedula ¢t intesrral <si:r3 s~d their items, including
the stert ard completioz t=erms for orders and pr “iucts;

- sarvey of machines and workplaces capaci’y loading;

- short-term operations schedule fn crders aud mrchines;

- survey of to-be-released orders snd operatioms;

- work. accounting and dispatching <. ~uments;

- survey of schedules fulfillzen* .. orders, producis
and operatiomns.

This activity implementation as »ell as the previous A5 is most
promising as for the transfer of know-hor to machine engineering
and other works,

Maintepance Monlitoring (47)

t ty Qbject -

Development and implementation of a subsystem for allocation,
capacity planning and scheduling, order handling, progressing
and coordinating. The subsystem alsc includes monitoring of
maintenance jobs and/or costing and the resulting analysis of
statistical data and corresponding standards update,

Activyi ts:

Implementation rclates to the objectives as given under the

activities A2 through A6 wrile activity A7, in interactive mode

and/or periodically in batch mode, provides data entry, update

and printouts for:

- status and time utilization of Work’s production facilities,
and maintenance equipment and personnel;

- production facilities idle times and failures with evaluation
included, based on time, type, cause, machine break down;

- progress of scheluled orders fulfillment.




In the area of historical files preparation and analyses of

them, this activity, periodically, in enquiry mode &and/or in

on-line mode, provides for the following management information:

- changes history {J)r maintained facilities
(profuction lines, machines, assemblies, parts);

- maintenance work history for production lires, machines,
assenblie3 ard paris;

- listings of jobs not completed;

- idie time and failure statistics;

< changes in cycles, operations schedules and standards
for maintenance work;

- history of spare parts purchases, assemblies, materials
end semiproducts;

- aistory of manufacture and reconditioning of spare parts,
assemblies, materials and semiproducts,

- consumpition history for spare parts, assemblies,
materials and semiproducts;

- changes in drawings, bills of material arnd mapufacture/
reconditioning operations,

This activity A7, like the following activiti2s A8 and A9,
provides the integration of the modules and subsystems that
are results of the previocusly mentiomned activities, In this
case, A7 the monitoring functiocms for all the previous
activities.

System Software FProgram Suppert (A8, 49)

Activity Objegtiveg:

Development and implementation of an overall centralized Data

Eank and coding systems servicing msintenance subsystems and/or
activities as described avove (42 - 47). Another important part

is teleprocessing and application transacticns support, i.e.

a system for trensactions processing for application needs of

the maintenance subsystems and/or activities using e teleprocessing
network and on-line man/machine enquiry concepts.




Additioual scftware program support includes computer veador
supplied system software like IMS Opersting System, Data Basse
Management System, applicetion products, MRP, PMS, CAPOS,
ClaSS, etc.

ct t -

Software for initial loading and maintenance cf:

~ data catalog (including identifiers and codes);

- maintained facilities Data Bank;

- operations..and-3tandards-of-maintenance-work Data Bank;

- maintenance-work-orders Data Bank;

- Data Bank of spare parts, assemblies, materials and semiproducts;

- Data Bank of vendors fur spare parts, assemblies, materials and
semiproducts;

- Data Bank cf mamufacture and reconditioning of spare parts,
assemblies and semiproducts;

- rigs Data Bank; .

- replacement-assemblies-circulatiox Data Bank;

- remaining files,

of course with necessary checkup procedures/data protectian

included.

Softwvare for teleprocessing:

- terminal network control independent of application programs;

- transactions processing indepeandent of the types of the
terminals used;

- traffic control for inmput/output messages;

- dialogune (interactive) support for application programs;

~ dialogue monitor as a tool to increase programming productivity;

- special (UELA dialogue langnage enabling simple access to
information in users Data Base,
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Systeg Hardware Support (Al0, 412)

ectiv an touts:

The objective of these activities is to meet the requirements
of the main maintenance subsystems in computer and terminal
hardware (processing, storage, communications),

The outputs include central computer cornfiguration installation
of IBM 370/145 system extens on of main memory, CDC 100 MByte
external disk storages, magnetic tapcs, installatian of IXM
teleprocessing terminal eyuipment (display stations, printers,
control units, modems, etc.), teletype equipment, see Exhibits
3, 4 enclosed. Also two tsrminal clusters were temporarily
installed for both interactive system design and on-line progran
development, This ensbles increased productivity of project
system designers and programming personnel (see Exhibits 5, 6
enclosed), Later these terminal clusters were transferred to
maintenance user areas.

Technicnl system support for the development of microprocessor
and com)uter aided ps.ts programming applicetions was provided
through the establishment of experimental laboretory equipped
with Plessey 34 minicomputer configuration, MDS 231 micro-
~.aputer development system and SBC INORGA application micro-
computer configurations, see Exhibits 7, 8 enclosed.

Microprocegsor Eased Diagposticg (4l3)
Activity QObjectiveg:

Development and implementation of a multipurpose diagnostics
microprocessor-based system for applications in sequentially
operating metallurgical production facilities, Tue system to
provide unbiased data on production facility’s reliability
and breakd.wn analysis for preventive maintenance purposes,
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Activity OCutputs:

A system, which meets the objecti.=s, lLas beer programmrd

and applied for coiler-area diagnestics monitoring in a hot
strip mill at East Slovakian Steelworks. For this systea
implementation, BSC (S know-how was utilised using a modified
MICEOSECQOM system, This modified MICROSECOM system, built
around a SBC 80 microcomputer and equipped with a printer and

¢ tape cassettie storage, has been used to monitor a number

of tyo-state varistles, to record changes and, if a case should
be, to provide post mortem data in coiler area. ’'he system can
be extended by incorpovating also analog inputs,

Computer s:ded Darts Programm/ng (4l4)
Activity Objectives:

Application of advanced computer aided parts programmiang

for spare parts manufacture, the use of interactive computer
graphics for development and validation of programs for spare
parts mamufacture using NC machines, as well as the entry and
validation of geomstrical data on the parts mamufactured and/or
their possible modifications,

vit uts

A system was developed that fully meets the objec‘ves given
above, The INGE 2 system (JNteractive GEometrical system faor 2
and 2-1/2 dimensianal parts) is an interactive part-programming
systen easy to understand and use. The INGE 2 makes geometrical
definitions easy and creates the IS0 recommended CL (cuttor
location) data files. A certain developed general postprocessor
module correspomds to these files, which makes the develorment
of new postprocessors (programs for a particular machine tool/
NC system) quite simple. This approach cuts drastically the
engineering drawing and technical preparation of spare parts

NC tool manufacture,
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Qperational Research Modelling (Al5)
dctivity Otjectives:

Develomment, programming and implementation of simlaticn
models of production cycles in connection with maintenance
planning with the pur-ose of coordination of the respective
plans., Experimental mathematical modelling, in particular
the use of CPM and network anal;sis methods foar maintenance
and Project management purposes,

Activity Outputs:

Mathematical model for the simuletiou part above was formulated,
developed and prograrmed using SIMULA 67 compiler. The necessary
statistics were collected, a simulation system of steelplant/
rolling mill area was created and is fully implemented and
available for the use for maintenance planning and productioa
coordination purposes at East Slovakian Steelworks,

Mathematical models of O, H., network analysis method in
particular, have been applied for both project network plauning
and large repairs and overhauls purposec-. The applicatioa of
network analysis metho’s was geperalized into the form of a
miltipurpose network analysis computer package that is available
for further transfer of kanow-how,

N



2.4, Maintenance System Implementation Steps

The system development and implementaticr depends to a large
extent upon the nature of the existing systems, both manual
and computerized ones, the priorities of individual subsystexms
and/or modules decided by the management and during the design
stage, aveailable financial, hardware and human resources,
maintenance organization, and many other factors. Nevirtaeless,
the impjegentation sequence described below is typical for
modern computer based management systems and follows a clear
end simple logical pattern, The individual implementation steps,
although many times overlepping and interacting, are given as
follows:

Step 1

Stores inventory accounting and control is the recommended :
starting point for a maintencnce system, and the parts usage

history and inventory data acquired during this step will serve

for the enquiry functiom of the spare parts and materials
applicatior, in the next step.

Step 2

When s work order creation system is put into operation, the
access to the stock number data base will aellow work orders to
be approved with full knowledge of the availability of parts,
Dispetching of emergency work requests can be implemented at
this time,

Job reporting can also be implemented since the data structure
of this application is closely associated with the work order,

Step 3

From the data base built up from work order entry and job
reporting, equipment and maintenance costs can Start to be

L B




monitored and analysed. Obviocusly it is going to take a
certain amount of time before there is sufficiant data to de
avle to produce significant analyses,

Step ¢

With agccess to the equipment history snd spere parts datc

bases, the mgintenance planner can start developing job plens
and preventive maintenance schedules for machines amd production
units,

As these plans are developed, they &re stared in the data base
and can be retrieved by equipment mumber, equipment class or
candition, component, or actiom code Jur the type of report.

Step 5

The cataloque ¢f job plans can represent work standards, or the
work standards can be extracted from the job plams. Onoe these
standards are estadblished, it is possible tO0 compare the actual
with the plamned activity in order to repart end emalyse
pexrformance. This analysis can b type of maintemance, plant
ares, or craft,

Step 6

Th¢ next step might to be to generate and update prevemtive
ssintenancs schedules through analysis of the equipment history.

step 2

In planning the job, an estimate i3 made Oof the manpower
required. Onoce this is done, the jobs can Ve accumulsted inte
Jod catalogue, sarranged by priority, sand scheduled according

to available maintenance manpower. This is gsnerally done weekly
sod allows for a great deal of intaraction between maintenance
and produotion mansgement,

N
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3. BENEFITS OF MODERN MAINTENANCE SYSTEMS

The potential benefits of a computer based modern maintenance
system depend on management objectives and constraints that it
is designed around, and the existing systems it replaces or
complements, For existing equipment, the main objectives are:

--t0 increase manpower utilization and efficiency,
- t0 reduce spare parts and materials stock,
= to increase production facilities availability.

For new equipment and especially that which incorporates
advanced or complex technology, it may not be possible to meet
availability targets without really ~ffeotive maintenance

managesent at all,
3.1, Increased Manpower Efficiency
Data retrieval

without traveling

Automatic copy of data
on work-order docuaent

Precise work-order instructions
Complete and timely
availability of spare

parts and tools

Reducsd spare parts
delivery tirme

Balanced capacity plaaning

Simple reporting

Reducing travel time
BReducing complexity of
work orders generation
BReducing nonproductive time
Beducing mmber

of interruptions

Reducing waiting time,
reducing workers idle time

Beducing time between
Job assignnents

BReducing clerical work




3.2. Beduced Spare Parts and Materials Stock

Updated “where-used™ lists Suppressing excess or
substitute parts stock obsolete parts,

movements analysis Standardization

Timely reservation of 70 % Decreasing average

of spare parts stock level

Known maximun lead time ~ decreasing minimum stock
Deferred stock replenishment - decreasing the munber
Immediate record of movements of replenishment orders
Stock level check Decreasing the number of
at each disbursement "out-cf-stock” situations
Adutomatic check of unused or Decreasing spare parts usage
repaired parts to be returned - suyppressing hidden stock
Timely decision for repair - increasing retura

3.3, Increased Production Facilities Avallability

Preventive or planned maintenance Decreasing machire idle time

- work order scheduling - work orders grouping
~ fast selection and dispatching - work orders ready in case
- precisely knmown capacity required of idle time
Equipment monitoring BReducing the number of
- inspection, measurements breakdowns
- checks during idle time
Historical data processing Reducing the mumber of
- preventive operatioms, breakdowns
verification check-lists
ete,
Systenmatic work preparation Decreasing machine idle time

..z-* from the intangible benefits, such as better information

o .acision making, the benefits of a computer based maintenance
sycsyem are expressed in net savings over a number of years, e.g.
the system life cycle. These are arrived at by subtracting
estimated implementation and operating costs from estimated gross
savings,




The monitoring of costs and benefits and their analysis
achiaved throughout the Czechoslovak UNIDO Project development
and implementation can be summarized as follows:

- annual savings due to the lower
inventcry levels of spare parts CS Crowns 11.000,000

- anmual savings due to the increased
volume of assemblies an spare parts

reconditioning 6.880,000
- anrual savings due to the lower
imports of spare parts 18.500,000

- annual savings due to the increased
productivity of standardiszed assembly
repairs (15C - 160 employees) 12,400,000

- annual saviags due to the lower
downtimes of ksy production facilities 5.239.000

- anmual savings due to the increased
facility loading in the spare parts
mapufacture arsa 1.360.000

- annua; savings due to the improved
planning oSf regairs and manpower
utilization (90 - 95 employees) 3,700,000

~ anmial savings due to the lower
rescheduling of maintenance jobs

and transportation times 240,000
ExSgsESsss=ToeXo=Segsm
Total anmal savings CS Crowns 63.319,000

Considoring the overail costs of CS Crowns 115.678 million

for system development, routine operation end mainterance
within the 80 called economic 1life of the system (i.e. period
of 1979-89) and the correspomding total savings of C3 Crowns
296.114 million stemming from the gradual system implemstation
during that period, the return ratio is approximately 3 years,
i.e. the index of economic effectiveness per one CS Crown is

206.114/115.678 = 2,56 GS Crowns




4. FINDINGS AND RECCOMMENDATIONS

Based upon the experiences on the implementation of the
Czechos« ovak UNIDO Project which represented the development
and implementation of a modern managed meintenance systenm,
the following recommendations can be made:

4,1, Huiman Resources

The effort of Project personnel represented the main asset of

the Prc ject, There were about forty five men working currently

on the Project (with sometimes more people, sometimes less),
highly qualified systems analysts, designers, application
programmers, system programmers, and users. High qualifications
resulted in the possibility of considerable savings in software
development that could not be otherwise achieved, We could rely
upon our own resources, developing our own operating system,
STELA, especially tailored for teleprocessing, at East Slovakian
3teelworks, own versions of operating systems based on MRP,
independently of software houses and independently of delivery
times, licensing conditions, an® so on., This also holds for

the APROS documentatiom package, and network analysis packags,
cost monitoring systems, etc., Also the enthusiasm and cooperative
spirit of counterpart perscmnel rendered possible high concentra-
tion of manpower at critical time periods, to balance the lelivery
delays, etc, in effective teamwork organisation is a prerequisite
of a modern system development and implementation (8ee Exhibit 9),
It is to be recommended to incorporate the user implementation
tean into the system design team as well using the programmers

as a pool for the application programs development.

4,2, Training

The compater based modern maintenance system development
requires an extensive programme of training ol systea designers
end analysts, programmers and users and muanagement in all major
phases of system development and implementationm,
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A8 for training and organization of study tours, we found it
is essential to organize thke training as soon as possibvle,
through all possible chsnnels: bilateral contacts, consulting
company, UNIDO Training Branch., Also it is very useful to tuse
opportunitiss like large conferences and exhibitions for the
acquisitior of necessary know-how, and professional courses

of professional bodies and software houses, It is also very
useful irn computer project to use training facilities of the
vendors of computer equipment, and in fazt, we succeeded in
cur case t0 zget certain discounts with these vendors, not
always at the prics level of the equipment but on the level of
free specialiszed training. Every bargaining with the computer
vendors should include this item., Regarding the interrnal
trainings, it is very useful to use the know-how gained by the
people who took part in the study tours and to transfer their
acquired know-how to other people working on the Project. This
we carried out in a number of short-term internal seminars.

4.3, System Development and Implementation

For large =wcale system development, the step-by-step development
and implementation is absolutely essential, determining carefully
the choice of priority subsystems. amd/or modules together with
integrated activities,

The system should be designed modular enocugh to reander possihle
this above menticned gradual implementation,

Modern system design and development approach based on both
interactive, computer-based system aud programs development
(using different terminal cluaters for the system design and
program development sn? testing purposes) proves to be bighly
efficient and essential to increase EDP personnel productivity
and to meet tight schedules, Also, it is very eafficient and
useful to use the computer as a project management tool for both
network enslysis, monitoring of costs ard computerized documenta-
tion,




Great attention must be paid to the selection of the pilot
implementation areas, according to the limitations of the
equipment in the field, manpower resources, data collection
possibilities, economic benefits and criteria dependent on
their weights and/or priorities different in individual cases,
If we are able to achieve gradual implementation using priority
modules, reasonable balance bpetweemn the overall implementation
and pilot implementation should be made. However, the necessary
condition is that the system should be general emough to be
implemented in all plant application areas,

4,4, Hardware and Software Procurement

Concerning the hardware and software procurement, it is necessary
to do the bargaining and hold the discussions of the proposals
quite in advance, because this is not omly a question of prices
and long delivery times, but also of licensing, and since it is
already a syétem work to prepare a good tender - the necessary
hardware must suit to the system development objectives - it is
advisable to start with the preparation of the tenders as soon as
possible. In our cese we did it twelve months prior to the Project
start and it was just right, regarding the 2.5 years duration of
the Project.

In the evaluation of hardware equipment the following factors
beside the above mentioned should be considered: price/performance
ratio, compatibility and modularity, maintainability, eorvenience
of using industrial starndards, and future growih,

4,5, Consultancy Services

For ccnsultancy purposes, some highly specialised functions

and/or the overall system development management, the consultancy
and expert services may be required based on the project objectives
and needs, Pirstly, the choice of consultancy company and/or

N




expert is important. The consultancy company beside being
technically competent and financially acceptable should not
be as large as to lose the interest for the professional
obJjectives of the project, i.e., the system development, and
t0 concentrate on business fees only., It is necessary to
choose a company that is germinely interested upon the project.
Secondly, it is necessary to establish good relations with
the advisers and experts, to create & good atmosphere for the
sound cooperation and joint system development, Thirdly, the
consultangy organization should also be utilized for the
project training needs, as mentioned above.




LIST OF EXEIBITS

O 0 ~3 N WU A\ DM

Project Activities

Project Activities and Environs
Central Computer System Configuration
System Terminal Network

Local Terxinal Cluater

System Development Terminal Cluster
Minicomputer Laboratory Configuration
Microcamputer Laboratory Configuratioa
Teanwork Organisaticn Structure

N



|
()
n

1+11 PROJECT MANAGEMENT
TRAINING
DOCUMENTATION

TRANSFER OF KNOW ROW

REQUISITIONING
UNIDO/UNDP LIASON

KICROPROCESSOR
APPLICATIONS

EVALUATION
EXPERTMENTAL LASORATORYZ OPEEAT O.R. 15
DEVELOPMENT MODELS
HAINTENANCE UATYTENANCE = ©
PRCCESS WONTTORING! PLANNING -
(2]
%&E |3 3
5 10 §.
'<d ] e
= -
22 5
28 2
3
a8 w
13 & < £ 14
Ba E -
[ -4
a PROCESSING =
2 =S
53 =3
HARDWARE SUPPORT =3
INVENTGRY CONTROL MAINTELANCE & 4
AMD PURCHASING |. JOBS SCHEDULING

CAD PARY? PROGRAMMING

11

EXHIBIT 1 PROJECT ACTIVITIES




SUBSYSTEMS3

SCIZNTIFIC CALCULATICNS

QUALITY CONTROL

R. AND XN,

INVESTMENTS

FINANCE

ACCOUNTING

SALES

OTHER FRODUCTION

MAIN PRCDUCTION

ASSETS

INVENTORIES

MANPOWER

T ACTIVIDIES

UNIDO PRO.

9 {13 | 13

X

12X

had

XXX

ACTIVITIES AND OVFRALL

COMPUTZR SYSTEK LINKS

UNiDO PROJECT

B )
3
7
8

No.
No, 4
No.
No., 6
No.
Ho.

ACTIVITY No. 2

No.

i\

No., 13

No. 15

EXIIBIT 2

PROGJECT ACTIVITIZES AND EMVIRONT




-

3803-1 87" BCTOR HO.q CONSOLE , 32 15
¥O TAPE CORTRJL ATTACHMENT CONSOLKX
DISK
342 BY ATACHEMENT DISKS DISKS DISKS
e 512 x Lol
S/370 145
G al
8310 3,2] [6983 3.1 - .
{ ( ¥.BUPFER SELECTOR No.3 34 3, .
42 CONTROL | ADAPTER 133331
— UNIT UNJIT _
9420 ¥ LTIPLEXOR = . |
w
| ]
2,1 CONTROL UNIT
CARD
1 READER | TS 1500
l it S 1500
Z DPS 3705 2 DPS _‘: L ——
2 DPY rrANSUISSION 2 pps |—
2 Drq CONTIOL 5.1 > pP§ —
2 DPY
2 DFY 5,2 2 TP
4 I SYSTEM CONFIGURATION
2 TP 2 TP 2 TP EXHIBIT 3 CENTRAL COMPUTER
1 Y Y I 7 ] ,
MODEY MODEM MODEL fonEy ] UODEM z,‘ﬁ I



|
)
[6F]
[

IBu §/370-145

= 2 ors 2 DPs =
Y —
2B Trawsiassion e~
— comRiL 5= .
= zss .
— 5.2 < 1F [

2 TP 2 TP 2 TP !

- — il - —_ - A
XODE NODEX J |

| i B

COMHUTER ROOY

USER AREAS

5.3 HODEM |S.3

pi2 07 5 bo1
3276 ) |
‘ !
@\l @l <&
D

{
< 3278) D03 /3278 )
D15 n Ci) D04
e 3278 3278

D16 ' 11 D05
{ 3278 ) 3278
PCéE l Be PO3 DO6
3287 l3287 ' ,

LD s
\_
0

§
PO7 PO4 oL | 5.6 .
3287 | 3287
PC8 POS @\ Pozi 1287

EXHIBIT b SYSTEM TERMINAL NETWORK




=y
S/370.145

MULTIPLEXOR

3274 001 4

CORTROL
UKIT

COMPUT™™ R ROOK

L2 DL3 DL4 PL1
'L.ZX\ «2X / 4.2 4 . 3x
3278 3278 \\3278 328

P LOCAL TERMIIAL CLUSYEK

td
r—
+3

EYHI

bLl

4.,2X
\ 3278




___—'———-F

IBM S3/370-145

' g
=3 2 prs 2.0pr3 —
—{ 2 00s | TRANSHISSION 2085 =
o res | O safeves |
— 2 ors
— 5.2
=] 2 pes 2 TP
2 TP 2 TP 2 TP

1 T T 1 ,

LODEM LODEM uonz]nluom:} MODEY 5.3

i { | I T T. *

TEMPORARY INSTALLATIONS

HODEM
'5.]
5 |
3276 I
i

DO4 1

POz 3
@ GO REEL 3297

EXHIBIT 6 SYSTEM DEVELOPMENT TERMINAL CLUSTER




PT 100
CRT TERMINAL

GRAPHICAL
CRT TERMINAL

LA 34 OPERATOR'S
TYPEWRITER

LP11/300
LINE PRINTER

PLESSEY 34B COMPUTER SYSTEM
(WITH 256K BYTES OF MEMORY)

DIGIGRAF
PLOTTIMNG TABLE

PM-DSA 11/B
DISK STORAGE

EXHIBIT 7 MINICOMPUTER LABORATORY HARDWARE CONFIGURATION

FS1500
PAPER TAPE READER

DM-DSA 11/B
DISK STORAGE
TAPE STORAGE
r.. 1
PM-XS 11B TWIN
F1OPPYDISK STORAGE
DT1058

PAPER TAPE PUNCH




DUAL DOUBLE

[8¥)

MATRIX PRINTER

DENSITY
FLOPPY DISK
DRIVER
TELETY % b
UNIVERSAL PAPER TAPE
PROM PROGRAMMER PUNCH
MDS 231
MICROCOMPUTER
DEVELOPMENT
ICE 80 SYSTEM PAPER TAPE
IN-CIRCUIT READER
EMULATOR
MATRIX PRINTER PAPER TAPE
READER
SBC-INORGA
APPLICATIONS
MICROCOMPUTER
CRT DISPLAY PAPER TAPE
PUNCH
TELETYPE
DI/DO SIMULATOR TELETYPE
Al SIMULATOR TAPE CASSETTE MICROSECOM

DRIVE UNIT

EXHIBIT 8 MICROCOMPUTER LABORATORY HARDWARE CONFIGURATION




User Cooperation

Coordinator

Project
Deputy Director

Ext, Cooperation
Coordinator

Hardware

Planning and
Installation

System Design
Manager

Program Developm.

Implementation
Manager

Engineering
vrawings, Bill
of Material

FM and Planned
Repair Cycles

Manager

Integrated J_,_u; Irtegrated
Data Base o Data Base
Engineering Telaprocessing
Data Control - .4.7

I

't
Maintanance CPA Mothods
Joh Planning o
Spare Parts and Capacity Plannin-g-'
Mate:ials = and Job Schedulinﬁ
Managenent
/
/
Capacity le Application
. Programming
Job Scheduling
4

Work Order
Monitoring - j—J
and Analysis — EXHIBIT

Maintenance
Operaticms and
Standards

Skill and
Enployee
Resources

Facilities
(Tools,
Squipment)

TEAM ORGANIZATION STRUCTURE










