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Reliability and Maintenance 
in 

PO.YER SYSTEMS 

Power sys t em 

Local power s ystem ( isolated power stations ) unified power 
system ( connected power stations ) 

Types of power stations 

(1) Hydro- electric power station 

Cost of energy is composed of standing charges consist of 
interet on capital coat and depreciation , salaries and 
wages r epairs and Maintenance Coat. No fuel cost • 

(2) Thermal power station 

a- Steam power station 
b- Gas Turbine power station 
c- Diesel power station 

The standing charges is the same • 
The running charges consist of fuel. 
In fact L~intenance Cost is considerable amount, to 
increase the thermal efficiency the combined cycle is 
introduced • 

The most important Factors controlling Generation of 
electric power ere :-

1- Performance 
2- availability 

J- Reliabilty 

This can be achieved by proper l';laintenence. 
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., EFFECTIVE MAINTENANCE J 
REQUIRES 

I A SYSTEMATIC APPROACH I 
IN 

I PLANNING I 
AND MAKING THE BEST USE OF 

INCREASED 
OPERATIONAL 

-RELIABILITY 
,fWAILABJLIT/ 
-fER t:OR.MA t.JC E 

I EXPERIENCE I 
RESULTING IN 

AND IN THE 
LONG RUN 

IMPROVED 
DES.IGNS 

THIS IN TURN GIVES RiSE TO 

[2 ] 

INCREASED 
pRODUCTIVITY AND 

REDUCED 
MAINTENANCE 
REQU)REMENT 

1 NCRE.ASED 
INC0('1E REDUCED COSTS 

THAT IS TO SAY 

; INCREASED PROFITABILITY' 

AND 
• 

IMP ROVEG ~G REATER FEWER LESS 
WO~ K 1 i I • ; PERSONNEL STRESSES ENERGY 
CJ NOITJ0r!S ISAFETY CONSUMPTION 

- -- ----·-·---

I 

.. 



WAGE COSTS 

M."t'ERIAL 

a ;Ts 

-----~ . ...........--- --·--·· .. ___ ., __ 

COSTS OF P~INTENANCE 
[3] 

In different activities there may b e dif:~ ~~n l V~ tH /U 

as to which CJsts are to be r egarded ~s naln~~~~e 

costs. In gen eral, the following co:.t!; ..;r<2 <.:on >i"dt>,.,.d 
s ide red under this heading : 

WAGE COSTS o f the employees carrying out: mainte"auce 

work. 

Costs of LOB~ICATING OILS, PJ:.INTS , PACKING M.A'l'EK !ilL ·• 

and OTHER M.AT~RIALS used in connectio~ with mut~fe

nance work~ s p,ttf"e 1-:>e..rr..<, 

,ADMINISTRATivE ADM.INISTRATI\~ COSTS, i . e . costs of installiny ~~d 
a ~ 

CO::.TS OF 

PR MISES AND 

EQ-IPM.ENT 

PU :::HASED 

SEPVICES 

:::ONVERSION 

:o: ~s 

lil :CT 
IA:.,~TENANCE 

:o~ 'S 

:NDTRECT 

lAl TENANCE 

'OSTS 

s ervicing systems , follow-up systems, 

for maintenance purposes. 

~tc~ req •. iv-e d 

Costs of PREMISES 1 EQUIP~NT and AIDS us ed by t: he. 

maintenance department. 

PURCHASED S£R'VICES, i. e . costs of work carr~0ct out 

by outsiders (persons and companies). 

CONVERSION COSTS, i.e. costs c.f conver_ions in ;.Q,,s;ed 

to reduce, Sl.DJ;:lify or eliminate maint<:nun.;e . 

The above costs a r e wha t i s generally mean t by 

maintenance costs or OIREC'1' MA.IN'rENANC£. co:;Ts . 

Loss of incar.e .orough t about bt plan t cLouures, et.c.. 
due to main tena:1ce are o'ften regarded ""' II~ I.J tlu.CR if 
MAINTENANCE COSTS. I\ breukdo"n can in cu t·t. •• ir, C<\5c<!. 

l ead to enormot:s losses p=>rtic·.llarly in th.: pc-. < e.·.s 
industries a.'ld. ships. If a relatively _,a'(J-' t •\'>K'<' \" 

l oses a day, the losses c..1n amounl to '·"' ll ov.,,. 

ElO,C.OO. If a paper muchine breaks <.khm t l u ,,.,L . 
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m~y even reach over a t housand pounds per hour. 

A~sides , breakdowns o f ten entail high repair costs . 
Extensive dismantling may be ne cessary in order t o 
dca~ with f aults of a rel ative ly s imple n ature . 

TilE MAINTENANCE CYCLE 

The mai ntenance work should be so de s i gned as t o 

ens ure tha t the o r ganizati on, t he sys tems and t he 
wor king me thods are e ffi cient . The figure below 

illustr ates the cycle according to which a~l 

maint enance should be car ried out , in a readil y 
under standable manner. 

~ 
E\iAiriJATI ON 

.Ali. . ~ <-.1~.~ 
rrl>t:mrt__JJ 
."0-.iW . . -~~ 

-..::' '::2-.o/. $~ ·-r--~: t;~ ··-;.·." .. 

'· 

"-

PLANNING 

RECORDI NG 

nq . 1-2 The maintenance cycle 

~ 
EXECUTION 

~ 
•' 

Tili.s cycle applies i n all case s but !t s t ands to 
, .... ilson that tiH~ methods of p lanning , execution , 

T"O::Ording .:md e va1t1ation may vary fro~ c ase to 
t:.'l ~e . 
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RANDOM 

FAULTS 

~ 

OBS~RVABLE 

RANDOM 

FAULTS 

NON

OBSERVABLE 

RANDOM 

FAULTS 

REGULAR 

FAULTS 

[SJ 
TYPES OF FAu.t:.r 

Inspection can l ead to consi cl," r at.l., ..;•.:h::..I'\L ~·J•l,; IJ~· '::. 

it should also bt! borne i~ miud t.h.:.c , O..t'Y f;;ult 

aris e under conditions or dev." l op ~n ,1>::.. !.1 .• ·.~.·. 

that they cannot be detected ... t u sutii:i.-n:. 
early stage by inspection . 

Faults may lJe RANOOY. or RECULi>R . 1<1·1 De>M !:'.!'.U L'J' 

occur in such an irregular mann er a,; ~ o ... 11-c tl-1-e 1 r 

prediction impossible. A r<mdOm t. ... u . l; •d}', rot-
i nstance , be due to an unfcrcs~en ov~~h~~ -

The OBSERVABLE RANDOM FAUL'l'S takt: •• ·certt~ln tlrr.e 

to develop, and provided that th~ 1 nterv~l,; Uetwe~n 

inspections a re shorter than thi s t.. ~ rroe. such faul ts 

can often be discovered by inspect.~.ou. If thc: 

time required for the deve lopment ,,i ~hcfltulL i" 

short, it may b e advisable, in the Cu5e of 
important components, etc. , to prov~d~ fo~ continuous 

supe rvision. 

RANDOM FAULTS WH I CH CANNOT BJ:: OllSEHV!·. ~ :: D not develop 

over a perio d o f time, and i L is t.h<! 1 -G. to,...._ iwpossibl<! 

to detect them by inspection. Only ?r,~ Lhing C<.~.l 

be done in orde~ to prevent 

again in futur e; they mus t 

s uch t ... LOlt f'rv111 oct:urr.lll j 
I be r ecorLLea. and c:h.,lr 

causes mus t s ubsequently be ;,malyz..:d w1 th a vio:w to 

improving the design or mount~ng or t:h:. mctchine 

concerned. Non-observable randvr .. fn.ult's m<•t i >..: 

to faulty mater ials, faulty u)nt:rot , c:>"': ·~· 

e tc. 

The REGULAR FAULTS develop in :; L,''!""' 

with a kn own and/or record ... u1..., :;"'"''" 
be due to wear, changes in m •• t..,.: L.,l ._ 

tion, c rystall i:.:ation and oli,..:L' ..:.au: .. 

0 • it.,. L 

,. 

Also regu lar f aults Cil.rl be :.a .lJ-oJ v L th. .• L 

observable and non-observaui .. t: .... u1L:>. 

•• 
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OBSERVI\l' 

REGUL/\R 

FAULTS 

,,, 

--

to J 

OBSERVABLE REGULAR FAULTS can be detectec by 

iM>[cv~ction since it i s possible to ensure, that the 

jnt~rvals between successive checks are LOt too 

long . The i ntervals 

dec±ded in accor dance 

between inspecti0ns are 

with the f ault development 

time . Examples of observable regular faults 

nre wear of runners and sealing rings of pwnps, 

compressor valves, engine cylinders, etc. It 

i s however relatively rare for a fault t <:J develop 

i n un absolutely regular manner. After all, 

even regular observable faults dep~nd on variables 

~uch as lubricating oils, fuels and impu=ities. 

NON- OBSERVABLE REGULAR FAULTS can only be prevented 

by programmed replaceme nt o r repair. 

Th e figure below shows, in a simple way, the various 

types o f fault and appropriate measures. . . 

Fi q . 2 - 7 

' 

... 
RJ\NOOM 

sud~n hults 

... .. 
ODf.P.RVJ\AI.F: l I NON 

ORSF:RVMLE 

.... .... 

r;.:.n.T 

... 
REGULAR 

Oevelopnent in 
sta qes .ccord~W9 
to k n0W1:1 lf!quence 

... ... 
I I OOSER\~~ I B ... ... 

CC'INT'INIX'I.\$ NO PRF.VF.N'TlVF. INSPECT:~ 
liND 
COR.RECTial 

P!IUOOIC 
JIEPLACEKQf'r 
OR R!HEWAI, 

SUJ"ERVJt.JON ~AS OR£ 

T•••lUDI.r. SIII')()T!NG 
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-Organization ' - Miiintaul .. lldit y 

-Routines 

- Trouble shooting chart 

-Document record 

- Inventory control system 

-Unit record 

-Training 
etc 

- Toob 

·· T raini" \J 
etc 

• • • .. ' •• & ...................... . .... . ....... 0 ••• • 

. . . . . . " ........... . .... . . . . . . . . . . . .. . . . . . . . . . . - . 

I 
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Prod 12:] 

- ---.,----------, ./f.i - .. - "'""""t---1 (J'"t ' . .}.r"' 
Operate to failure e 6':~ t; l 

I·~ 
EJpen11w~ m•lntenanc:e- "'-- "-1. • .; l 
low a•~•l~kty ,. J 

I .':\ \ 

.- J =rrr- .'./ .. ~ L_. ' 
''f~' 

Total down tlmef~J'r'~:i l'l'' ii J•""' i"'N• 

Fixed time maintenance -· 
-Leu • ·a.p.nslwe mainlen..,c~ 
- leu down time (':; .. ~. 

·-- .,__ 
.... ·-· Totod down llmel ' . ..ll._J~.··'· 'if,IT"' 

,• Condition based mainltnance ... 
~ ' -' .. 

\

I ... ·>>' 
\II ' 

•. 
II' ... 

Ophmtud av1il1blll1y - "'•mtcnanc( cc.1 

----.! 

I!W.= 
Tolal do•n limtt 

\ ' 
\. I '' 

Design tor ma1n1enancc 
Design oul maintcnonc~ 
L.ile cyc:le cost 

\ . .. 
, ..... .. i . 

Tolal down ltm(.' 

\ ~ .., ... 
-~-

' -
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THE FCRGOTT::N PROf-IT [8 ] 

I 

_·1_ .. . 
f'flt:/ i t<TIVt: 
Mt• ••~fEN<>.NC! 

~· 

UNPLANNED 
-BREAK 

DOWNS 

INOIAECT 
-CGNOITION l 

MONITOR INt. 

i _ _ l OHlfC 'I 
- ctt:An.,N G 
- LUUI,I <:An• •N 
- PH0r;RAMM t:Ll 

REPL ACol.l i:cNfS 

EXPENSIVE 
MAINTENANCE 
LOW 
AVAILABILITY 

I -THE PLANNING 
'-REDUCED 

COSTS FOR 
MAINTENANCE 

A NDRE'P/T,; - ~ 

Of CRi<A~ !!O. 1 -INCREASED 
AVAILABILin 

Preventive main tenance 

- C oft,·<I.C l IVE 
M4i !lTENt.NCE 

'" cR£.,:,r.o. 
- reduced numoer of break downs 

and urgent repair's 

- AVAI LI\Oii !T Y I I._._ • ,. ... _ ____ • 

-more planning and C.QOI!OI 
of corrective Tlaintenance 

RESULT 
-INCREASED 'AVAILABILITY 
-DECREASED COST FOR MAINTEN~.NCE ·" 

••• 0 • 0 •••••• 0 ...... 0 •• 0 • • • • • • • • 0 ••• 0 •••••• 0 • • • 0 • •• • • 

•••••••••• 0 ... 0 0 .. .. ... ... .. ... .. .... 0 0 ••••••••••. •• 0 •• 

• • • 0 •••••••••• . •••••••••• 0 ••••••••••••••••• ·• ~ ••• •• • 

I 

• • • • • • 0 ••••••• 0 •••• 0 •• 0 •••• • • 0 •••• 0 0 •• 
... ... 

• ••• 0 •••••••••• 0 ••• 0 •••• 0 ........ 0 ••• 0 . .. ... ..... .. . . . 

. _. ...................................... . .... .,._ . . .. . 

• - ........ 0 •••••••••••••••• 0 •••• • • 0 • ,, •• • 0 0 0 .... . . .. . 

························ ..... . .. . .. .. .. . .. .. .... .. .. ... . 

• • • • 0 .... .. .. 0 •••• • •• 0 • 0 •• • 0 •••• 0 ••• • •••• • 0 ••• ·- - • •• • 

········ · ······~·····~······4····~~ ~ •oo ooo . .... .. . . 

...... - •••• 0 • 0 0 0 ••••• 0 ••• • •• 0 • 0 • 0 0 0 • 
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CENTRAL CONTROL 
CENTRE 

R:GIONAL 
E~S ! NEER 

~T . . ::l 
..__ --. ~~--~ 

LOAD 1NSTRUC7IONS :=AULT REPOP.TS .UL T REPORTS 

,•' 

SWITCHING 
INSTRUCTiot~ 5 

' 
LOCAL CONTROL 
CENTRE 

REf10TE 
CONTROL 

i 

POWER STAT ION 

DlSTuRriANCE3 
REPORTS 

RELAY REPO P..TS 

STURB.'~Nrt · .') 

- PORTS 

. LAY i-.e: • • <T > 

s~ ITCHING 3TRUC! · 

FAULT S!Gt ALS 

!NDICATIOtlS C B 

l N FORMATIC~ GIVEN 
STAND BY ~~GINEER 

FAULT REPOOTS 

RELAY REPJRTS 

DISTURBANCES RE?1l! 

• I 
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OPERATION GROUP 

CO-ORDINATOR CAN BE 
FROt'\ OP SEC OR. 
MAINTENANCE SECTIO~ 

EL - GF.l UP 

1'\ECH - GltO:JI' 

[!ij 

SWITCHING 
AND SAFETY 
RULES .. CoAf-r"() /_j - GRU!Ip 

SPEC - ~Roup 

THF CQ-:"JPERATION BETWEEN THE OPERAT: ON GROUP AI~J ThE 
DUE TO THE SAFETY RULES AND THE FA:- T'iE WORK CARHIE. 
AFFECT OTHER PARTS IN THE PLANT ON BAR. 

~ s,wc. : 
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FAULT 
REPORT 

SHUT~ 
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· REQUEST 
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