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Why it pays to use 
solar water heating 
Save up to 70% on your water heating bills 
Water. heating accounts for 30% - 50% of the electricity consumed by an average household. 
When you use the sun's energy to supply your hot' water; you can save up to 70% ofthat cost! 

It never runs out 
In sunny South Africa, we enjoy one of the highest levels of solar energy in the world - even 
in winter or when it's overcast, solar water heating keeps on working. Every single day, more solar 
energy reaches earth than the world's 6 billion inhabitants can consume in 25 years! The sun is 
a source of unlimited, renewable energy just waiting to be tapped - and it's totally free. 

t 
Get rebates with Eskom's Solar Water Heating Programme 
As part of a 5-year programme to promQte solar water heating in South Africa,.Eskom is offering 
special rebates to all customers who install solar water heating through an Eskom and SABS 
approved supplier. 

Government, the National Energy Regulator of Sou'th Africa and Eskom are 
committed to helping South Africans enjoy energy efficient lifestyles. 

For more information and a full list of suppliers, visit www.eskom.eo.za/dsm 
(click on solar water heating link) or email solar@eskom.co.za 
or call the DSM Help Desk atO II BOO 4744 . 

Eskom Holdings limited Reg No 20021015527/06 
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AIJS11V1CT:· 

Facilities maintenance managers are required to use modem maintenance systems and methods to control their work 
activities, account for resources given and to monitor and report maintenance work execution through the full use of 
l'ariousindustry based metrics and other management indicators.- Due to the scope. ·complexity and high value of records 
fiwnfacility mainte(lance crmtres, the past decades have seen the-application of computer technplogies to facilities·· 
management; .and as .systems. become more powerjiLl; less costly and easier .to use it Jws become .very necessary for ·· 
managers to implement co11iputerized maintenance .vy.~tem .. This paper attempt to bridge the functionaJ.orientation. of 
Facility-Maintenance Management-with Management-Information System- (MIS) . .... · .. -- -·' --·-- ···· .... --- · ----- · ·- ---- · 

1.1 - FACIUTY·MAINT-ENANCE 
1.1.1 Introduction~------- - --·----

FaCility rria1ntenarice·--c:an- .. -~ - aetined as ~'A· 

combination of any actJ_on(s) carried out to retain·· 
any · facility in or restore it to an ·acceptable · 
condition((.. . . . . . . . . . . .. .. - '- .. .. 

The actions referred to are those initiations and 
corrunissioning of a facility. Once a facility has been 
coinrriissicined and it is in operation, there must be
an organized action to keep the equipment in~
service· or if there iS any break clown swift action: 
musf be' taken -to. re5tOre the :equi'pmeriFcir facilii:Y:· · 
to its "Acceptable·Condltlon"'; [1J·---~··· ·---- --· ...... 
Acceptable conditiorn~ilrinCiode-.tl\ose1'ac:torS-as:: -~- .. ·: 

- ~--- Effiden·c:Y · {fuer···usage,-·powei .... outifut:;··--
speed, heat, e ·.t .c). 

• Production of gOod· quality product/service. 
• -SafetY-of 'oPerafiori; -- _.-- ··· · · · -· · 

1.1.2 = Ob~~~v~ ·C?.~~~~~enance: 

The main objectives of maintenance are as 
follows: 

• -To· keep-the factory· plants, equipment, 
- machines- tools- e;· t. ·· c in·· an optimum·· 

- - working-:-condition:-· .. -- ·--- · -- - · ..... ·- · 
• - To. ·enSure. specifiea .. accuracy -of -prooi.icf .. 

and time schedule of delivery to customers. 
• To keep the down time of machines to the 

minirruim: thus to . have: control over ·-the ·
production·· programme;· -

L__,, __ ,_,_ 

• -To· keep-the· production· cycle within ·the -
·stipulated range. · ..... ·· 

• ~To improve pr.oouctivitY on~xistin~f machine::= 
- tool'. and to 'avqid- 'sinking . of-addltionai. ·-

capital. 
• To· reduce: maintenance cost as tar: as 

posslole"·tfierel)y: leading"· tO :a- reductiOn· 'fn 
factoTY·overheadi ·--·--· · .: ·· · ~ :--: .. :::::: : : 

• To~:proton1rtne::usemr:1ife of ·the:fad:Ocy ::: 
pia'nt-an<r macrnnerv-wt1ne ·retainln~filieir .. 
acceptable le'lel of accuracy and 
perfOrmance. Thus avoiding or poStponing 
incurring: of ·heavy"·capltaF eXpenditure: as -8- -
result oftheineplacement;-· -- -· ... .. - -
.... ·---~ ...... _ ..... ~·--,.--"'·---------------~·--····~---- -

1.1.3 Element-OfMarntenance: --·-· ·· · .. - -- -

If a good maintenance programme iS aimed at 
achieving ·"the--obJectives --itbcive:. then-we· need--to . -. 
know·the· elements--orthe importantfunctions::af :.:: 
the-fcitititY·-mainLetrante svsrem--wtlieh~jS:::Ii :: : 
follOws:··----· ···- ..... _. ··-- -·-- ·-·- ---- ·-- -·--· ·· · 

! Inspection or check: 
Is an important function of a maintenance 
programme, frequeney of inspection-should··· 
be· ·decided ·-verr ·carefully,·· ·as- too ···Jess···· 
frequennnspectiornnaf cause· oreakdown ... · 
since breakdown -wm-riof be fracecr out and · -
rectified · immediately · while too frequent 
inspection may result in wastage of 
machine'timeor labOur productivitY;:~. 
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• Planning and scheduling: 
Every preventive maintenance work should 
be pre-planned in details on the basis of 
analysis carried out an· the past records of. 
inspection~ Thus the ·schedule ·programme · 
shOuld .. be detailed to· specify-the-pOint -
req-uifln~f-attentlon. daily,. weekly;·· monthlY,.- ·-
quarterly or even yearly. 

• Record and analysis~ 
This is the most :irilportant element of any 
maintenance· programme .: as -it .. helps ··in·
forecaStrng ·-any·· ·other-·-element -or· 
maintenance: ·rne ·rallowing "records are -·· 
generally maintained during recording: 

(i) Operation manual, 
(ii) Mafriteriance·:instruction· registers, -
(iii) Spares procurementregisters;-·- · 
(iv)Inspection5 .. register, · -- ·· ·- -- ·- -
(vflo9.1:i001G7 · - · ·- ·- -- · - - - -
(vi) Defect registers e. t. c 

The record helps the fadlity maintenance engineers 
to make decisions.::: 

· · • ·-·-Training of maintenance personnel: 
For· tnaintenance to succeed a sound training is 
es5eriffarforlhe ·maintenance personnel. · 

• Stock control: 
Many a·· ·time machines remain idle· due to 
unavailabilitY ·of.paii:S· resulting· in-attendant loss of .. 
production~ · - ·-- --· ....... · -· :::: :=::: :::::. ~ ~:· · 
ThiS carr be· easily-avoideaif proper- sttic:lfcontroriS · 
done-·i:lna· spare ·p-a·r1:5 ·-a-na···atner-··mairitenaiice · 
material are well stocked. 

1.1.4 ·Advantages of Maintenance: ··· 

Eram·the · abOve-::we-can -de<Juanflatan -efficiently, 
effectively plannea -~m-er wen:.executecr radlity. 

• Reduction in production downtime. 
• Lower· overtime ··pay for maintenance 

personnel. · -· ··· 
• Few· number of 'stand·by equipment is 

needeo;···--
• Reduction fri expenditure on repairs. 
• Due to well planned spare parts 

replacement arrangement, only the spare 
partS: needed. will ·remain. in· stock ·at any 
point in time~·· ·- · · · · · ·· · ·· - - -

• Enhance :-safety· to··racilit{ and ·employee 
lives·is-gua·ranfued~ ·-·· -- - ---· ·· ·· - -

1.1.-s Co~~4!~ ~- ~ck of Maintenance: 

Facility maintenance involves a commitment of 
tangible resources like capital, material, men, and 
energy e. t. c. 

''··--.__...,~ 

·-~-. 

The· cost estimate of the· above resources is quite 
involving but failure to.:maintain fadUty equipment 
may be more costly·.~ than ·the actUal cOSt of 
maintenance;~~ hence· :.the ..:following. are·-tlie- -
consequences-:of lack:of:facility maintenance;·tfl ·:··:
. · -~ · -==--·a. ·=excessiv-e · ·machine· :.breakdown::· wittr --

.- ··- ·-frequenfemergeiiCy work:·····. -·- . --
• Shortened life span. of fadlltles. 
• Disp~~rti~~~ in~~t in spare 

pares. 
• Poor utilization of staff. 
• L.OsSTn production output and hence 

1055-ofprofit 
• Lower quaUty product/service with 

attendant loss of good will or 
reputations with· customers.· -

• Unnecessary- damage- to· facility which 
may resurnn · th6niee<n:o·invest in a 
newfacffit)'sooner tha·n expected. 

l.Z FAOLITY MAINTENANCE 
MANAGEMENf-·{QM.E'rA·(ONCEPT)- · 

Accordin(rto-12TMainten-arrce-ManaoementSyStem 
documents·--racilltY · ·ana· -e.Qu"fi)menf -dendencies, 
justifies budget requests for maintenance. needs, 
and provides a sound basis for management 
deeisi0n:inak1ng:- ·· · -· · · · ··· · ·· ·· · · ··· ·· 
Maintenance management is a critical component 
or· -any·:· :facUit:Y · maintenance program. The 
rnciriage1Tiei£fundions bind the distinct parts of the 
maintenance program into a cohesive entity. A 
facility maintenance program requires cooperation, 
dediCation; :arid · pciitidpcition ·:·at :.~air- levels:- :or · 
employees and -cannot· succeed: :without:everyone 
involVed~• unaerStanding-:· tne-::baSic: -pr.inciples:·and -
supi50itfng ... the. ··eause; .. lnus ... a -. gooa ·faCility 
maintenance program should contain fl.ve very 
distinct functions· making · up the maintenance 
system: [3J" · ·· · · ·· - · · ·· · -· ·· · ·· 

Operations,· Maintenance, Engineering1 Training, 
ana-Administration (OMETA).A subset of the roles 
and iesponsibilities for each of the five well-defined 
elements of an effective · fadlity ·maintenance 
p~~mi~p~~~: 

1.2.1 Operation$: 

• Administration - To ensure effective 
implementation and control of operation activities. 
• Conduct-of Operations- To ensure efftdent, 
safe, ana· reliable process operations •. :. - . . . . - . 
• ·Equipment Status Control··.;,· 'fa-be cognizant 
of status-of atteqorpment·- -- -::: ::- ·· ·-

·-••·•~ - • • • -·-·~-w ••-• • .- • ·• --·-
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// · • Operator Knowledge and Performance -To r ensure that operator ·knowledge and ~performance 
! ; wiU support safe and r~liable plant c>peration. 'l' ' -- -· --- ·-·-- ····-- .. -- -- ' 

. f 
'I 4 2 2 a• • ~ 
/.; .... • •·•amtenance: -
II l 
!! • -Adtninistratrorr~· ..: To ensure .effective 

imple~iientatiori"-and .. -:-control of \ IT'.aintenance 
activities. · 
• Work Control System --- To · control the 
performance. of' inaintenarice in' ari -·efficient· and . 
safe- manner-such·· that·" economical, safe,- and · 
reliable ·plant opetatiorl'is optimized~ --- ·- -- -·- ·· - ·
• . COnducf -of - Malnteriarice -. :.... - To- conduct -
maintenance in a safe and efficient manner. 
• Preventive Maintenance - T o1 contribute to 
optimum" perfonii~.mce":i:in(f reliaqility 'of plant 
systems and equipment; - ; 
• · ....... Maintenance-- - Procedures · - -and 
Documentation· :..:.--ro --provide 'directions,. when 
appropriate, for the performance of work and to 
ensure that maintenance is performed safely and 
effiCie-ntly: 

1.2;3 "Engineering Support: 
-···- ·-····-

• Engineering Support Organization and 
Administration - To ensure effective 
implementation and control of technical support. 
• Equipment Modifications· ::-To ensure· proper 
design;::: reView;· contr.ol; -~ implementation~~~: and 
documentation 'of equipment' design" changes' 'in a 
timely manner. 
.- Equipment Performance Monitoring - To 
perform'. 'riionitor'ing· . activities~ that--- optimize. 
equipment reliability and efficiency.~ 
.---engineering--"Suppott .... Procedures --and -
Documentation ·..:: "To -ensure- thaC engineer -
support procedures and documents provide 
appropriate direction and that they support the 
effiCiency and 'safe operations of the equipment ' .. 

1.2;4· -•raining'!'··- ---- ---- · - · --- --- · ------ · 

• Administration - To ensure effective 
implementation and control of training activities.. 
• General Employee-Training- To ·ensure that
plant personnel have-a-basic-understanding· of ttreir·- · 
res-po·nsiOIIities- a·nc::r:safeworR--:-I)r.rctrces-· crn<:r have·-· 
th<f Kiiow1eage: arid .. i)racticar abllitfe5 necessary-- t:O- -
operate the plant safely and reliably; 
• Training· Fadlities and ·equipment - To 
ensi.ire:: ~the ·-trainlnif .:faolitle5,.:.:-equipmerit, ··and · 
materials effectively support training activities;·· 
•· Operator· Tratnli'iif ;.-To ·erevelop-a·nd-improve· ·· 
the~--l<iiowledge ·ana--·skills -::necessar-Y· ti:i ·p:errorm ·· 
assigned job functions: 

• Maintenance Training - To develop and 
improve. ·the knowledge--and skills necessary to 
perform ~~~~ j?b ~~~()n~~ · · 

1.2.5 -Administration:·--

• ~Organizatio-n~::-:aficr: :~Administration - To 
establish an(f'ensure-effective implementation of 
polides and the planning and control of equipment 
activitieS. 
• Mariagement· Objectiv·es- T-o· formulate- and 
utilize·format::man&gement-objectives:to:improve:·· 
eqOipiilenr·!)enoliilanee~:-::.-::-:-::--:: :-:.- .... -- ·: ----:::·-: ---- . 
• ManagemeliL~ssessmeiit- --To· rrionifui.ana-- · 
assess station activities to improve all aspects of 
equipment performance. 
• PersonneFPianning- and -Qualification -- 'fo · -
ensure-that positions -are· filled· with· highly-qualified · · 
indivfdual5::-:--:-·-:·-:::::::::· ·:::::----:::::::-~::---:-:-:-::-: :::: · · · · 
• tiufustrrarsatetY·=-ra ·ad1ieve a·higfi degree of· 
personnel and publtc safety. 

1.3 - -I\-1ANAGEMEN'TINFORMATION ---· 
SYSTEM (MIS)· -, ··· -- ----- ·-·---- ------

1.3.1 Management:· -- - · -- · -- ----- -- ---
To manage is to forecast and plan, to organize, to 
command, to coordinate and to control. It is a 
practice -nof a··-sdence -and it's about making
decisions:which usuallyinvolves: · · - -· ·· 

: .-::.The work1)f:the:organizatfon:: --- · ------ · · 
-··-· ··People· in-th€6rganizaticin -- -

• Structure of the organization 
• s~~ of tn.~ o~~ni~~n 

1.3.2 What is Management Information 
System( MIS): 

There is no universally accepted definition of an 
MIS and those that exist reflect the emphasis and 
prejudices of the partirular writer. The term MIS 
has :.:become. almost -syiionyrrio't.i's. with .. computer-
based data·· processing1.:.; system ·:analysi$' ·;:·:file::: 
desigi'l;'and-other vaiious--otfier·tecfinical· facetS· Of--:: 
computeroasea sY5f,eiris.[-4J --:----- ---- ------ · · · -- · .. --- -· 
Management Information System can also refer o 
any inforrnatiOil ·systemS :-which deals with the 
coiitror of -5o:.callecF'routine',=-'structured<;-· ·'day--to-··
day' --operations·~oLan organization: :using: relevant: :: 
inforiiiatiorr·tec:Mology ·too~s·-.rsrn- iS·a ·system::= 
uslrig" .. ·-ram~llzea·- procedureS' .... tri' - 'provide. ·-
management at au _levels in all functions witll 
appropriate informatioQ based on data from 
internal· and· external sources'-',to enable ·therri-'tci .. 
make-timely· ·and· effective --decisions for· plannlng1 · · 

directit\g-·and-:-contronrng-·tlie -activities=-ror ·wmth · · · 
thev·areresponSf61ei4T -- ··--· -- --- --- ----- ---- .. -
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.>'/ /> We can thus conclude t'1at t4anagement 
' .f Information . System {MIS} • is . an integrated, 
it f computer based , user: ~machine that provides 

·· , · ·· information for ·supporting· oj)erations and· decision 
l making functions of management.[6] : :: • :: 

Ir·sh~urd· however· be notecntrat· emphasis:· is: on · 
the ·uses/functions· to which. information is· ·putar.a· ·· • 
that no mention is made of the means by which the 
information· is processed. This ·is ·because it is the 
end u5e -oflnformatiori that is imj)ort:ant- and not 
the· intermediate processing stage. [4] · 
Management Information·· System can ·be -classified 
into :J: : ·-- ·· · · · ··· ·· · ·-· ·- ·· · · · · ---· ----

• ·Organizationallevel: . 
·Here the management information system t 
·supports managers-at different levels-of an·· 
organization. e.g. Operation Management 
System; Tactica17Middle: Level· "Man-agement ~ · 
Systerii" · · ~vhiCh- si.ipi)oiC -m1ddle---reva- · 
managers and Executive Information 
System (EIS) ·which support senior level 
management-of an org"a"nh:ation:· .... .. 

• Support provided: 
Managemennnformation-system can also 
be dassitie<Cacccircfiiig "to-the:support t'1ey 
provide to management. 

• Functional orientation·: 
Thls ··- MIS~ : ·supp6it operations· - and 
management·of different functions·within · 
an ·organi:z.ation. Infonnation--systertf in thiS··· · 
clas5ificati0n inay lridude:- · ·· -· --- ·· ·-· -- ·· 
Financial Management Infor:mation System, 
!:Iuman Resource Management Information 
System,~·--·· Marketiri~f_._._. Management-··· 
Information System/· Maintenance···· 
Management InfOrmatiOn· System-ancr·$>- · 
on :--·-··-· ·------···-·· -------- __ ,, __ _ 

This paper however attempts to bridge the 
functional orientation· of facility maintenance 
management~ with· Management~ · Informa):icm · 
Systems (MIS). · ··· · · ·· ·- · ·- -~--- - · 
A"goatr combinatiotc onnanagement infOrmatiOn · 
system and -a ··comprenenSive-faclllfY ··maintenance· 
management will ultimately result in what can be 
called-the computerized maintenance management 
informatiori.system· (CMMIS): _.- ··· · · · ---- ·· ··· 

1;3;3 ··-COmputerized Maintenance 
·- · ·· ·· · 114ariagement"lnformation system 

(CMMIS): 

A computerized- · maintenance - management 
information system (CMMIS) is~ a type - of 
managemenr ·softWare .thar:·p-ertorms function~ ill" 
support" of" management" and "tracking ofCfperafion 
and maintenance activities. 

'., ""--. 

-~---- ---~- --·---~. 

04MIS systems automate most of the· logistical 
functions: performed by maintenance staff and .. _ . 
management. CMMIS · $-yStems come: with ·many'--· · 
optloris and . have many advantages -over ~manual -
maintenance tracking systems.••~•••:::: :: ~• ::: 
oepel\tlir\"g on the:-cornprexity:::ortnesystem:c:hosen, ·
typicar Cf.1Mls· tiindlons-may-indude tlie•tonowlrig; -
[3] . 
• Work order·generation, prioritilation~·and tracking 
by equipmentfcoriip()rient~: .. - .. . .. . . . . - ..... . 
• Historical· tracking· or an· work orders generated 
whith-beCOillE!"SOrt:able~w equipment, date, person 
respondlri~j~-etc: ....... - . -- .. 
• Tracking of scheduled and unscheduled 
maintenance activities. 
• Storing: of-maintenance procedures as -well-as all -
warranty information by-component;· -- --- -- - -
• Storrng · ot--· arr:: :technrcar:-·dcx:um~ntatiCirl' or
prOcedurciiby romi)onent- · ··- -· ··· -- -- -- -- -
• Real-time reports of ongoing work activity. 
• calendar-· or run-time-based preventive 
maintenance ..VOrk order· generation; ·· 
• capital· and labor ·cost tracking ~by component as 
well as·snon:est;·mec!ian;~nolongest times to 
cloSe"a"worko-rder"by oompcinenc·· .. 
• Complete parts ·and materials inventory control 
with automated reorder capability. 
• PDA ·interface tO ·streariilinEHnput and· work order -
generation; ---- - · · · ~ · -.--
• ~U~i~~~~~~~~S/~i~tc_t:l:·~~b.~itl~~: .. ~ ::: :~: ·= 
The u.s Fish and Wildlife Service in the year 2000 
initiated integratbn of - fadlity management 
information· using--application ·software- known-as-
the ·-·facility·· Management-· ·Informatiorr System:::: 
(FacMIS}:-- ·FacMrs· ··was·· ·created ~as---a· _,mdderrr, -
corporate··-SVsteffi··- tfiaC n·nkS·· el<iSting ·serviCe-
databases so as to. provide one-stop shappi~ -and 
cross.-functional queries· of facility.· data:•· FacMIS 
integrateS~Envfro·nmental: and: FacilitY~ €0mpliance, -
Federal· -Financial·· -svstemi ·Refuge ··Management= 
Informcition----system;--· Fisheries-· - "Mana~ement:: 
Infcirmat1on- System;· --Budget ·· Alloeati(in · System; -
Bridge Safety, Dam 5afety, Rea~·· and Personal 
Pros;ierty Inventories, Seismic· Safety; Quarters; and 
Leased·:StiaCe.dalaoases-to· enable-data.-searcfi and···· 
completion-of queries-on· all facility retatoo-data;:· · 
The ·Maintenance Management-system-15:-a-pnrttlry· ·· · 
comporient .. Of the-.-FacMIS data --inteQrai:iOi1efforC· . 
[2) . 
In ·addressing-various issues-related to CMMis;-tlie 
cruCial: :need::.. for· ~reliable .: :and·· ·aaequate-• data- •Ts 
stressed. Moreover, what·is needed-Is ·a-careful -
appr()a~~~w.~~~~se·~~~~~· =: ::: =::==-··- ----- - ~ 
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· · The· approach to database design in 01MIS can 
.: ~ either be by "function" or by other classification-tl · ·· --·-=W·~i';'~~::~ [~l~anizatf()nj31 a~p~ch" ~to 
1_ !\ Facilities--Maintenance: Managers are expected to 
1 distuss··wttti:-:soft:ware: developers to develop a 

~ suitable · · CMMIS - for the organization or get 

I 

~~-
'\ 
~., 

competent vendors. • 
Managers should however . evaluate their 
ma'intena'nce. management data··reqi.ilrements .:and .... 
establish ·· their ·electronic . data· :needs:-~ .prior: . to·.: · 
acqtiirin·g-·CMMis· ·or-::·rrn::X!ifYin!F·ari::exiSifn~F one;:::: 
iv1a'irifet1ance ma'ilgers 'sl"iouid acquire' only .. what iS' ... 
reQuired to accomplish t11e Organization. 
maintenance goals: ·Of· course, once a 'CMMIS is 
acqulrtid~ :resources. mus(be. dediaited: tO . initially . 
populate the·systems (modules) and·to .continually · 
keetnnerif up"ltfaate:: The -data·:once-enYeretfinro··· 
the. CMMIS .. must. ·t>e···-utiliied ·"--ror .. 'Ciay.:tcKJay 
operations and management of the organization's 
nia1nleriance progfcu"i} to be cOSt eff'ectiVe. PeriOdic 
review of the CMMS data·should be·rnade·to keep 
the· -- system • · abreast ·or ·current · requirements; · · 
defeti~~f'unne¢~rv·:a~ta- ~WiE!S·-an~· ~-~O.@i.ne~_--
ones as required. 

A gC?9(i <;MMI~ ~hould be able to carry out the 
following operations as seen from· the ·mooel-figore ... 
below~·based :-on=rts-fuhctional-input:S 1:6~proooce -~ 
relevant .. oi£ uts-ffiar wm ~meetthe -o--anrzatf&lal·--·-· .... -· . P....... ....... ... .. .......... __ rg .......... .. .... .. 
goal and requirements. 

.. -..~. -·------~--

TYPICAL INPUTS -

CLASSIFY 
CODE 

INTERPRET 
- --- -- ·-- .. --

STORE/RETRIEVE 
CQMfAR£ 
CALCU~TE 
SUMMARIZE

IDENTIFY---

t' 

TREND~~~~9NAL 
ITEMs·· 

MONITOR 
ID.G.li.Lr(;-!11' :lJSU!\.L_~NJ>. __ 

-. .tiNSUAL'IRENDS - --
· --~~~~R6U11Nlf .:::::: ~ 

-·-···DECISIONS-.:· . ---
SCHEDULEINSTRUCfiONS 

IWoiiKO.iiliER 

TYPICAL OUTPUTS 

FIGURf .. l: _ A "tYPlCAl.~.\~G..EMENl: __ 
INFORMATION SYStEM. __ ·--------· ... --. 

1.3.4-- CMMIS Functions:-:-· ---- .. --·· ---- -- · 

As seen from [8] all NASA's maintenance Center's 
CMMIS. mus.t suppo_rt tbe.rnajor.functions.discussed_ . 
in . the . following .. paragraphs. as. they apply to-.. 
facilitj~ ~i~~!lc:e:·;Intp~tjQn: ~~ :i~~ tJ'!e::=: : 
functional areas of the CMMIS is Ctitical forthe·day-·: -
to--day maintenance operations, management of 
the Center's maintenance program, for providing · 
data .. to .. suppo_rt .. the .. .budgeLprocess. .. and. for ... 
providing. historical. infonnation-critical..for use. in . 

·. peif~~~~~:CO_!lt@gi_~.!k::::::~::::=: ~:::::::: ••• :• :: 
1.3.4.1- - f-1anage Facilities-and-Equipment~--

--~-----~- o LOo -~----- ----- 0 .......... ------;-• 

Thls-=function:~ns::tlie:::faeilities::Mai~~= 
proee5Ses· and"":'procedures···tO-· oe:· iilillzea·-:fn" 
managing the facilities maintenance workload~ 
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In addition to the automation of the administrative -
processing · · associated - ·with -maintenance -· 
management; ·the ::-majo(· aavantage -:-of~ h<fVin{f-:a -
CMMI$ "i.s· the· caj)abillt)' to process a ·large. amount .. 
of data in order to identify trends that would not be 
readily apparent by reviewing individual work 
orders. · The · ·· following j)aragraphs · · highlight 
files/modules· ·which ·are ·a ·part-of most CMMIS's 
and ... that are- usec~--·Tn·· mana-gin-cr·-maintenanc!r 
pr<)grciriis. · · · ·- · ·· · · 

• Facility/Equipment Inventory~ These 
data files/modules contain a detailed 
inventory· of all facilities and· maintainable 
collateral · ·_equipmenL subject. to·· :the -
facilities· mainten<mce man-a(;remennystem -
(and ··could include ot'1ei" ·information if · 
needed for planning, space management, · 
or· accounting ·purposes). For ·racilities; -
theY:ii"iclude infoimation such as identifier~- · 
sizei-cost; ·date ·acquired; category codes;-· 
uses;::~:locauotf;~:users;:··material :COi'l<1itio·n= 
codes; and ·ot'1er· shnilar-lriformaticin: Fa( 
equipment, they include nomenclature,. 
manufactut:er.~ · part number', cost,. serial 
number;- date ·-acquired~- ·size, .:lOcation, 
identifiers ·to- major·· system ·-or · use; 
warrancy;: · specific· =facilities r'i'laintenance •• · 
requkements·,·llfe e)(p&l:aiicy,· and similar 
information. Current and reliable. data will· 
enhance analySiS and budget preparation· 
and ma·i : be needed..: 1n · developing 
customer··charges · irr:the organization's·· 
Cost Accounting system.--···- · - -----· -·· --- · · 

• work Iripul# COntror and Scheduling: 
This data file/module contains: information 
on wor!< requested by customer:s~ wort< 
generated iiiterrially, and· work status -as· it 
proceeds· from· -requirement·identificatiorr · 
tcn.Yorl<compTetioin>r-requesr dlscrpprovar. ·· 
It iridudes ·information oil' ·cfistomer; eost ·· 
estimate, funding, scheduling for 
execution, · and exet\Jtion status for each. 
work order.- This data~ provides :the ability·· 
to ~traclcfacilities::projects;. ::requests ::for:·~
facitities ::: maintenan-ce--:: ~:::ana:-:::sl!l'V1ce .. ·· 
Requests:· - ···· · ··- · ··· ····· - ··- -· ···· ··· 

• RellablUty Centered Maintenance: 
This data file/module contains information 
on ·. fa.dlities--and equipment criticality 
codes;· ·maintenance. requirements· and· 
schedoles::-·--:::· - ·· :-· --·-·-·-::- - ·- · ---- _ .. ___ · 

"' ~/ 
It contains data for equipment- and facilities 
maintenance~ actions: :.required,· predictive 
testing teSt. points, ·dia-gnostic-afds; references ·
to or excerptS from mainteriance· marii.Jals arid 
equipqlent drawings, schedules, frequency; 
materials, safety: requirements, and ·related 
procedures;· Unked ~with the inventory, the 
combinect··data ·fites··can ·be· used· to· create· 
sever.:tl-schecltUes- -- and .. ·wt5tk · -orders/task· -
deserlp&ns- for mainteriarice techriiCfans· and. -
mechanics. 
• Correlation of Mainten~nce Data: 

Much:benefit-cari -be-realized-by correlation. 
of ~variQu~: metrics;:. trends.: :databases.:-An· · 
importanc·nlhttlon ·or-a:- ·cMMis--i!r-- to -· · 
automate· that a)rrelatioif as---new. input IS 
made, with. limits that alarm for follow~up 
action. · 

• -COntinuous--- Inspection:-- This -data-·
-file/module--contains-information -ror .. the: :: 

- :: COtltii'lliOUS::tl'lspecti()i'f-j)i'OgrallL 'It ShOOICf:::-
.. induiie· faCilities maintenance standards; . -

facility condition inspection. S<ihedules, and 
inspeet;ion and test procedures. Unked 
with: the inventory, it can~ be used-.:.1:.0 · 
create the- inspection orders and -work · · · 
sheets usee by Inspectors~-·:·::::·-:::-:-::::·:· 

• Facilitv/Equiplrient· HistOry;-- These · · 
data files/module. contain summaries of 
the -maintenance histories· of the facilities 
and· collaterar ·-equipment~-·-· They....: contaln
summaries·-·-ut-- repairs;:··· rehabllitatlan,
mOCiifications--;-a11ditions;·eonstrottTon~·-ancr·· 
other. woik''affecting 'llie'-ccinfiguratiori or 
condition · of -· the item:. They include 
completed and--canceled woriC orders. 
The5e- tries ::_also~: iridude -the --current-··· 
materiat condition~ • assessment·· of · ·each::: :: 
item,--:--cte-nvecr··--:rrom ---me-·-· ·continuous:::: 
inspection program~ n-e: ---mciiritenance- ·· 
hiStOry records can be . used. tel support 
proactive maintenance techniques suCh as 
root:.cciuse -·failure: analysis: and:: reliabHit'(-· ·· 
engineer.ing::..~-:-.::. :. =~·=:~:~·: .. ::··-~_::-::::::::::·· 

1.3.4.2 - Provide-utilitieS Services: · ·· 
--- ~·- - ~ 

Utilities Services= are esse-otiat to :a ·maintenance 
Center =in- that -~no· ~operatforis would. be possible 
without:: the :.:power;:. steam;:: water.,·: ·and -~related ··· 
serviees:: they:~ proViae::.~otifities·::-atso: ·eep~ca· -
major ·cOst ()f. operations;- toiiiputer suppOrt,. bOth -

· ·in terms of direct control of system components 
·-and ·analyses to ·identify. losseS In efficiency, is Vital 
. to . eriergy . conServation . effortS . as -wen·_ as ... to 
effective· system· maintenance-and ·management· f-or · 
optimalteliabilitY -ana cost: ·effiaency:· ----- - -- --.. .. ·-·- ..... ···--· ··-···· . -···· ..... ··- - 6 
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The utilities data file/module -contains detailed 
information- on utilities· consumption, distribution; 
use, metering, allocation ·to.· users, and cost. It 
could inClude· modelif,)g~ caj)ability and linkage to 
utility control systems.- · · · 

'. ,.,, 

1.3.4.3 · ASSist: in-Formulating arid' ·· · - -- -
Administering Contracts:· 

Contrac'"I.S provide: the majority- of a maintenance 
Center's: facilit:ies~supporLservlces, ·In many_:.cases -
this exterrds-t'O:-bothretutrlng"facilities rt'laintenance -
effortS. arid" orie~time~ specific facilities maliiteriarice. -. 
pr.ojects. Computerized support · for contract 
preparation and administration in support of the 
Contracting Officer is essenti<il for a· welr-managed
facilities- · maintenance --program; ::-This-- :data:-: · 
file/mOdule·· contains -irifofti'latior.-:: orr .. :-conuaas-::· · 
supporting tlie: ... broad-- spectru'iri' -of-'-f'acllil:l'es-. 
maintenance management as . required ~by~ tile 
Contracting Officer, ·Contracting OffiCer's Technical 
Repre5entative ·--(COi-R),: imd·-::QualitY ·ASsurance·-
Evaluators--(QAE). ·: With: .other·-database -files;: it -
provTcres·a·pictore ·::-or. :eaCh .. -.contractot"s-past .. -
pefformance;ci.i'frent'l&iaing,-·and planned work; It
could - include information on · specifications, 
Government furnished property, quality. assurance~ 
payment• ·· processin·g, . .-.- dellver-Y-_-·.-orders·•-issued, 
schedules;· and~ related: matters; It should_ cover.· 
both--contracts·-ror-specific·-racilities · ·malntena·nce·~ · 
requirements and support services "contractS. 

1.3.4.4 Develop Budgets and Perform 
COst-Analyse$: -· · ·- .. · · · · 
· Management·is-1argely the process of allocating 
and: :::c:tirecting::::-resources to accomplish an 
organiiatioii1s -:goals. · The functions listed above 
focus on facilities. maintenance work and ·work 
methods. The ·budget and cost analysis. functions 
obtain and track reSOurces; · 

In an environmerif of competition for- limited 
resources to perform an· ever-:expaoding workload, 
managers need sophisticated tools and--techniques 
to acco'unt feu' resaurces,-demorlstrate• effrclent-"lise- -
of resources, and -prepare persuasive~ requests· for--
future- reso'lfrte~allotations:-· ~corn·p~t=sul)port ~to -
perform · ·in:.aeptli. :analyses ·-of requlrement5 -iS--
essential to meetthis end.· 

.,; 
~.~ 

1.3.4.5 Additional Database Functions: 

The functions diSCUssed above. were typicallY found 
in . KIASA- cerifie· -:. CMMIS(s};--- although: ·very 
comprehensive, a:typical: CMMIS~functionsmay not 
be limited ·to.-:those::discussecr:above-=-or:: may· nor··· 
have to· meet all fhe fundi oris~ The 0.1MlS however -
could also perform· additional database- functions 
like: [8] · .. .. ·- - · · - - - · - · 

• · ·_ Reports-: -and-- Metrics:·- This ·.Provides·-
- information: which· ·can::-be.-used :to~proctuce·:-.-

- ::: resmtsll)erforman~e-nted · reJ)Orts:::am:r-:-: 
-metifcs-:·· -ihis- -- ·wur-:-:ensure · ·that· ·- ·the· ·-

organization. can analyze and ·evaluate· 
performance ·and ··overall maintenance· 
management-at that Center.- .. 

• Job·::: Estimating::· This::-: data file may 
conra.rrsn-op-or flanate ·guides, estimating 
tableS;~--woil<"" Peifoiinciiice" (time and 
motion) standards. such as engineered. 
performance. standards, Iabar and ·inaterial
rates,:...-an(f lOciii cciSt··:and· time factOrs ·iii -
computer"Usable -form~- :Sources:- Include · · · 
cor'lfmerciar---.. ·-:services·;-~--- .. Government- · · · 
develoPed .. stanaa·rds~ -~ aeVelopea-Facifities 
Engineering· Job-- Estimating · (FEJE) 
softWare, ·and loeare.xpenenc.e~ ~- · - · · · 

• - Tools/Material:::1'ool5. arid material· data 
- files~ :::typically::mntaio~ :the-· jnyenll:)ry-~ of· -

- - centrartyl'i'idnagecf toors-:-and· ~maeerrar-ror·-
-use "lii ... supporCof fadlitie5 ... mainteriance: -

The. material data file: aids in assigning 
material to work· orderS, supports~ the 
preparation: of matenar requisitions; :trackS- .. 
th.e ·:receipt:" of· materiat-- :on:·: order( ·and --
dotun;enun•elatecnntOrm-atiOrc"AlSO;:mese --
data -fileS .. ·record·· accountabilitY-· aata ·ror---
shop tools and equipment. · · - -

• Environment: This data: file contains· 
environmental· -. information; .•.. ·. including
permits~ --ncenses, the--history of violations · 
ancr:-:::·crumons, -----:porenticil... ·hazardS; .. 
environmental' -·compliance-.. and related. 
actions underway and tracking of work or 
materi~~ C?f s~al ~nvil:~nmental in~ 

• Space Management/Planning: This 
data file typically contains user name and 
user data for each facility; space. within the 
facjlit¥! or. ott\~~-~ ~~~9.f!d· 
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It may include ot'ier information for- use in 
managing the space such: as. configUration, 

· utilitieS · se!Vices; · finlslies, fUrnishings, 
environment, . ··communications, .. as5ig"riecl 
function or task, and accounting:inforrnatiorr. · ·····
_. -:-Fatllit:y · · Graphic-:~:::DOOJMentatlort:- · 

·- computer · Aidecr · DeSign · jind Drarurig· 
(CAOD), Geographic Information Systems 
(GIS),· and ··similar systems such·_ as 
Automated-~ Mapping/FaCilitY Management 
permits:tnecdigitized· storage of-graphic-··· 
data--·· 'tin-·&nd!Viduar ·· ·raciltttes · -·su·cn· ·-as· · 
drawings;. -phcitas; . arid . other pictorial 
information. GIS offers a three-(!imensional 
definition of a facility plus ·associated 
databases thaf together ·are a· powerful 
facilities=-engineering tool~- for example;·a 
Grs-ror a-street net:wort< coulct ii'iclode·aata · 
on. "uiidergrot.irid. utilitieS". showing . each . 
utility (water, gas, electridty, sewage, and 
storrh ·drainage)~ parking, traffic volume, · 
pavement ·condition, and ·landscaping· each 
in a: separate plane,· GIS technology fully · 
int~~~l:~ graphics. ~nd text.· --- ~ -- · -- ~-

1.3.5 CMMIS Peripheral Systems 

There- a;e peripheral ··· systems that can - be · 
integrated ~into. the:..CMMIS.- to::-:enhance· facilities -
ma1ntenance-operaticirfs::Tnese-: systems·· can~· be. -
more···effiderit, reduce- paper work and provide ~

more accurate and complete records in · 
accompliShing maintenance tasks. The selection Of 
a ·-system should be -based : on :the :specific 
maintenance· requirements,· ··a···· cost· study ~and 
resource- ·-availability: -Tiie-·Jollowing· ··are-::· some 
systerriS"that could be corisiderec.L . -- - ... 

• Bar Coding Systems: · There are a 
number <if" bar Coding· systems available 
that tan be employed in a Center's facilities .. 
maintenance:-prograrrr. The systems· v.ary--
from-- the- ~irrrpte-· 'identification- or:-:· an-· 
equipment iterri · tO sophistieated .sYstems· 
that permit input and downloading of data. 
Systems are available that permit-bar code 
tags" ·tO .. include . such . things as --the 
equipment· items· history and its· preventive··
maintenance "prOgram: ···These··· tags--are· -
updated along ·with the Cf4MlS as'"change5 -
take place~ thereby providing current status 
at all' times. · · · · ·- · - · · 
Systems ·include software-~ that· must -be -
Integrated into·· the ~center's CMMIS ··and .. _ 
handheld bar-coae-reader~r(rerminatsrwith · -:
high .. contrast IJquld CrVst.ar DisplaYs· (LCD r ·-· 
and a keyboard system ~to ·be used by the 
technician ~nnil)~fth~ work. · 

t,-. . 

The system may indude · a beeper 
subsystem that confirms ·. scanner ·and 
keybOard entries,. and alerts the operator of 
error oonditions: . . . . . .. . . -

• Handheld·· Computers: This is another 
CMMIS peripheral system that is available 
for-use fn ·a-tenter's maintenance program. 
This. is a wireless. system where infprrnation 
flows to and from the maintenance Center's 
CMMIS: -The 5ystem eould ·be u~.:.to 
eliminate· ·paper~based ····work ·:::orders;··· 
patticularly --·· tbose-:- ·-for · small: ::-:: -seNtce 
requestS; and·small-rejjair jObS·. Thl.s would ... 
reduce the. workload-- on the work control · · 
center and ·the ·technidans.· With this· · 
system-the technician receiveS work orders, . 
wor~t;··-order ·-·changes~:-- :-and· --·updates·
eletlf()nlcally: The ·.tecnnieian- repOrts- wort<· -
starf'electrorikally": arid- when . wo;k iS -
completed.· the completion report and 
comiTients are · proVided · electroni<::ally. 
Because· iriformatiordlows wiiele5s- tri arid·-- · 
from: the "CMMIS~ th.e work-control~center ; : 
seestffEn~xact·· ste~tus ·or eve-ry~~ssfgned· ·· · 
work order frorn . assignment throug~- worl< . 
start to completiOn. At the end of a 
technician's Shift ~e handheld. computer is 
dropped off for ~use by the' next shift: [9] · · 

1.4 CONCLUSION.:~=~-= ·:: ·:::-·--· -- .. --. 

A proper harmoni~ation of facility maintenance and 
management information systems will ultimately 
p;oduce - the -- computerized- maintenance -
management Jnformation.-- :system: (CMMlS}ifhe -

:~~~~ ~~;=~w.~=~~%:~Ci~~~d~~~~~~~- -
maintenance management information system 
(CMMIS) over manual maintenance program: [3] · 

· · -. DeteCtion of impending problems before· ..:. 
a failure-occurs resulting in·fewer failures=~: -
and-:customercomptaints:·· ~- · ··:·.::-:: · :::-:·:::~-- -::-. 
• 'Adiieving a higher ""level of "planned -
maintenance activities that enables a m:lre 
efficient use of staff resources. · · · . 
• Affecting--iriveritory:coritrol· arid enabling · 
. better: spare: parts:forecasting to eliminate ·· 
shOrtages· and ·minimiZe· existing· inwntoty: ·· ·· · 
• - · Maintaining - oPtimal .. -·· equipment 
performance that reduces downtime and 
results in longer. equipment life~ 

However-one of the--greatest-benefits of the Ct4MIS · -
is ·· the-· elimination ··-:of·-paperwork' ·:and-- manual· 
trad<ing--·actlvities; "Lft'lis-enablino-::trte" fn(jintenance · 
staff tii becOme more i:irooi.ictlve. The ~functionality · 
of a eMMIS. lies in its ability to cQIIec:t and store 
info~~ in an easily retrieva~ ~: 
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~/ A CMMIS does not make decisions; rather it 
r"""o~ provides the. maintenance manager with the best 

: information to affect the operational efficiency of a 
·· 

1 facility; f3} · 
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