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30 (Genset Safeties) :/;J‘yG?/rL/?aﬁG?d}‘;ﬂ‘/wJG) _IF
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-(Definition of a Genset) ..,?/76/

_‘gL‘/J,y“ui’&/"gﬁ}giifwlpc(Source)iél.&ﬁ/;...;Q/(Mechanical Energy)&)'ﬁﬁﬂ?ﬁundggﬁ.lyﬁuﬁ
uﬁ(Winding)_fi';mf(Wire)/’b%Lﬁtfuﬁ’l&(Electrical Energy)&/’ﬂgﬁ}?b})!uffc‘,du/éqﬂ@fal,,:ulf:,
e B S e Qe e A 2 unt ) KENSIE D L3 TP (Magnetic Field) 45 iz
SLeFe icarkil L3 2e Fo g LU AWIESS ount Bkt BE2 < £TUt2:(Electric Charge) G

-t‘mﬁ{}’l&(

What is @ Generator

lelc

Electrical

FUEL — . ectrical

(Chemical Energy) Energy
Oo— Me —=0

ELECTROMECHANICS SYSTEM

_(Faraday's Law)JsI6_312

Z (Electromagnetic Induction) f}l _,@@P?lu/&guigﬁl/} J?/L/‘:/'Z 94"
i DSBS S S S, U 1831-82 8 31 e b U
»2v U4 (Magnetic Field) 2 Leee e Lo =7 (Electric Inductor)

(Potential Difference) /¢ @J»/?u;/uiui(Conductor) F U s 2S 7, _se(Electric Charge)tu Lng-?u?&mvg
_g_L”Tui‘)ﬁ;(Electric Current)&/J}?!ugu!c‘-G",gj/}KﬁfJang}g!@%}Zg_&/ﬁ&
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-(Major Components of a Genset). 2/

(Engine)u{ [

LA 7V sl e e A SG I Sz S U 2 ISty e B 2 S S Aot 29
At £t GAK D G40% e U G A 100% FE A A 1T b6 40% L P It St i
e Qb Bt e s 45 (Radiation) #1544 FL-L (Exhaust)ertF 160% 3t -

Efficiency in Diesel Engine

Exhaust Energy Output
945°F @ 1230 CFM

Fuel Energy Input or 7281 btu/min 29,

75Ib/hr * 18300 btu/lb

or 22875 btu/min 32% ﬁ Fan Energy

10Hp
or 424 btu/min
N
[ =
Work Output - 200Hp ::'
or 8480 btu/min

37%

Radiator Energy
(Heat Rejection)
4655 btu/min

20%

Ambient Heat Rejection Energy
2035 btu/min 9%,

(Fuel System)f’/d)é

& LA (Injector) #2112 5L (Fuel Injection Pump) %ﬂdsz’,_9dJJ;%?Jﬁdﬁuﬁﬁ; P
SN FLL 10 £ Fr gt F S (Gaseous Form) o s 3 L L"/ﬂl/'d;é < (Fuel Piping)
-« tx(Source)il¥(Chemical Energy) &/’!J{:‘fwd}é“awgﬂl}{(@!é(Compression Stroke)

(Cooling System)(b'/.ﬁ/

ArIhS e 1 1 $hs e bt S o Stz S £ 1t bttt £ Fioc bTeR Ut & S1A
HST &S (Lubrication System)fuu%'f"/aﬁ Jl dg e UG- o S 2_,Z (Radiator Fins)
VS e b et &S S (Air Intake) b b S AP AL AL U et 1ib213L (Ol Cooler)
_E LI E IS SAL b S P bltost i ool

(Exhaust System) | £

% (Heavy Duty Generators)x ﬁ;zu?.9t@g}/ AT AP P E Y B YU Y PRIV BN
- LY U172 L (Air Conditioning) B2 2021, £ &t iy pee 1 S g 214
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(Lubrication System)(b’/u%“g/
fa »u"u/u/gfu-gbl(Ku"L/Mmé/_;ufu!:L/y ..U-/uw)éul:gff/u“uﬂ;n_/ﬁuﬂ/ e,
e Gt S B 5 e G P01 o L FIK e 0F

(Alternator) ~ A7
(Crank Shaft) L3¢ /z-Ls (Fly Wheel) s o715 (Rotory Motion) o3 aes g £ F ol 6s2se 2

DN o (s fed 3L (Connecting Rod) 3l e 7 3 Se bt/ p e L GAKIDLE S J0
e ((96% ) uB e Il PGS e 9 e Qs QoG At 3L, P E S INL St G

Alternator Parts and Functions

Terminal Box

Coupling

AVR. [

Rotating
Diodes Plate
and Varistor

Excitation Rotor

(Excitor Rotor & Stator) & x1/,/ L1

u‘;!u"(AIternator Stator) &% AT_»L (Residual Magnetlsm)vx&wbwLJLV%J'MJL?/’?.&JLJ'
S AL S S JADC) 5§35 U1 S % o bn s S (AVR)T s ! (‘,J» $ el - bx Lz (AC Voltage) 5,,
u”/u/ L i;ﬁad!u"u’;(Magnetlc Field wﬂw,f I (DC Current)..f/w)m-a % s (Excitor Stator)
J/r/Alternator Rotor) /s, % / !/’}J,vu"u’d;c;.»d/(Dlodes)/ 25 dJE £ AT d,uu,_gww 3 (S|
uL»JéVUL;/MA!c.d/wMWd/uL/‘; Residual Magnetlsm)MWuLdL/z}L’dwiu"/u//l G pin
i/d/ 5» o)///d/J' S ! {i‘» Ul ﬂ”’J(AVR 41 d};’f.fb) == Ry % = J ol dlp}’C}/
e Wi i M 12wz e £ (400VACI220VAC)

Operation of Separately Excited (PMG)

Alternator

AUTOMATIC

SENSING

STATOR
—

VOLTAGE -

ELECTRICAL POWER OUTPUT

REGULATOR

| RroTOR [

\‘OUTPUT

'

EXCITOR

AND
STATOR

L1

ROTATING
RECTIFIERS

[ MAIN STATOR |

MAIN ROTOR

<

. d

ROTATING
MECHANICAL
POWER
INPUT
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o b
(Voltage Regulator) /".Uz// 5»
Epruiize St Lo SUi-a /U (Setpoint) Ca A (Voltage) End Fit- S 12 z 1 p¥e
-&”/.;u.lzjc;yu/%azfl?{.t'fgjl.’:“/'Ku{/.c‘:’)z_‘({w}wﬁ’/ﬂ;{;g’;Ju:/G/JfoVi;b/h)ﬁ'ﬁd%&;éélﬂb]?éj.i

(Control Panel)ﬂd:}(

¢/ (Display)ds Aulet/ el e b (Alternator) £ 2 Tsl(Engine)efly - ey loe s
é/;;:‘a :’(Frequency)u’.’;{/'d/&:uj ZRPM (%0 Ju{!:+ L2 &7 L’?f.‘v‘/:‘a JC'&J {’;”J»/?/”:Z,J/‘L
cf’;f;’;":/’zui‘alz;fu@),/?:? JJ‘/‘:&”U/JIL?J’-OX} :o}}:‘aﬁf/"ﬁ./vg(Lube OiI)JITV}J:‘LL'}'J/(Temperature)
et /S

(Battery & Battery Charger).zlo(§/zs1 %
et Qe el (Gear) HEZ (Fly Wheel) fs$L 12 5L (Pinion) i S Bt 1o su§ P JTosy
wL&;L}’ -u}‘z,;/(&/"'L’Ug/(Pistons)ﬁéu{l(Connecting Rods))ﬁbﬂ?’(_,«ré‘ﬁc‘-ff:)bﬁug//:_
A blon PR Et L e L P LTt AL sa§ S e it & Sy e Uisl e P L i
b%Lb%;d‘ﬁ!dlég lfgb/dﬁuﬁazﬂuan,«k/”:)Z-‘a@/ &n@/lgéu'é(Charging Alternator)/?ﬁfvéjg,

L el SN s o b bW e s (Trickle Charger)

JVe 251 2_(Canopy/Container) /é/LQr.f/

»s (Designer Clothes)/ygﬂzﬁa/ﬂ}:?%fl/;;LgCi;,'E/KJ@g,wﬁ’}d/(Canopy)éifdbLéﬁ&;%faf}d/
S Qe bl L i Uty B Aksad < 2 f6 e S S p— UG e PG T g NS
§ L st FOESE -t 2 SABEE S F o (Aksa) NS od S S Lt sl Sl B 7 3
_ug/i,zu:@,g,xf é S dmnnl g QU Ay #

Canopy - Icing on the Cake

Air Intake Generator label

. W

i
1

N
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e AN

e bl Je1us 22

U Jzs
o b Pl U eI b et (Rudolf Diesel)Jy3its
2o o i(Energy Density) =0 GeU e mbibre Jssed $Uyiot
e 2Pz 5 e Fed bl iutd 6L (Volume) A5 ke Jzise
IS Vg3 e - et 518 U1 G (Mileage)=blrns UL K
7 45§ U1l o b (Oilier) Ho § Q68 asl ol Gt ks ed § Ui « Uz o Lo

< sl 3L (Boiling Point)
e tphl iy
Pl LS (Sparkgnition) PSP iss- g s e (gnition) 123
‘LGnﬁ;uﬁu{l!nu.fu{ldzLugLU/KL;/./(Compression Ignition) ‘f{?ﬁ/{iﬁ(Fuel Combustion)_§ %
M;,{J’_ﬁ“. batosl et Jod (50 U{Uy%:u'i;..wd_c". Coolei 7 onklse o d/fc;. L"(gy/(CompreSS)@;,{:éw
etz S (Combustion)f*'zf%wg (Inject) eIt b 213 ol

SEL S

?‘ao;gju}:’./cu{!dgj’;(Compression Ratio)Ku{Uzﬁ

A3 e b P Kt ot A1 1 s Bei ne Pt Pt It S
u.fc/{iﬂm;!u‘”;zluﬁuéu;j;-‘at“lgtle.»"“'ﬁi&ME”w (Carboretor)j:u{/Kui‘cfo)/";Jf?bablgL:'/J;baj.u‘é(lnjector)
dbose 5% (Efficiency) Sefle s P s natf 5L i it b\ R U sl gt o 25 5
(Compression RatiO)b‘»«/l).:Kﬁ{gf'dzj-éaCﬁﬁb}kjwfqucg}d/&‘ab@)ﬂﬁb}/j'JZjut'LGALJ'_LL
Lcﬁtu%uw'_w’mzifé&_‘gmuwazn‘;8:1%/mﬁu:ufu,,g,é:‘¢muw£ 14:1 < 25:1
bt Fra 5L (Exhaust Pipe)ft st E

s G w2513
b e b e L e IS 6 I K, Jr1 L (Four Cycle) FLu? L(Two Cycle) 71U
,U//"!}L,‘If;[q_ En &l ern bl Ut 3n(u“!ﬁd/u{!(Water Cooled) L_lsd_se_ bre [}gg(Air Cooled)d_1s s
_‘aL“leaJ{wv};,wKuwL/ﬂ%puu»é%,f{grtmgjdtx“v“!K (Liquid/Water Cooled Generators))z %

S LI g
-4;_Jibcé;’/?Lj’Jﬁﬁ/@%dZﬁ/xl‘aJ&%ﬁ)d§e)ﬂ
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B I, . B

e 2 (Maintenance Cost) c«lgv'!(f’/nbﬁupfﬁujégz%u‘%’u!ﬁu{lﬁdﬁta’,!{u{!g)zﬁ,y,g -
_Jg&/u:i;gjfdmfw/ulu:.&mégfuf /J;)’;L'/’L/gu,tuggfrl;f?fléthz‘_-e";

s B S _r

;L%{,@.(Spark Plugs) y@JL;!-c‘-:ﬁrafuﬂufi}f;ﬁﬁfuﬁuﬂzﬂ[@nﬂ(Sparking)fﬂg‘uﬁui _r
-unggnf/(Maintenance Cost) = bl redn

e dnfadooe reydutd L Jpad$Us

B EE ) e 170l (Water Cooled Generator) z 7 Ul d_L 14, c,dw 1500 RPM) (213 T1oee L] -0

- U:J?'L e VX U/

U L n e IuHIJys
/?.Lu!ug/"(:c«UTU/:%(Locomotives)J:’b/);’/“uy,-‘aL“lgL;J/Jl.»""/?/}ﬁufuﬁgfgrﬂlj:ﬂug:u{’gﬁ:?/?/}b(u/u{’dzﬁ
A OSSN AR RI NS B VN 1Y - DO ST =S S o
UL eIl g L (Standby) B s 1L (Prime Power Generation) o st Ay x 2 J 367 oLt

Layout of a Telecom Generator Site

Automatic =y
transfer switch
(ATS)
Utility power " i

2 /_,.\ il i““‘*@* — Loads
I g / Y

Standby power [ )

=——-->©

JEEAI Bt s
é,lgé.guﬁu}}?ﬁﬁ,_ugz.lgédw!/?wfé&tfmG’%Pg)ﬁ)ZJ}gﬂg(Diesel Power Generators) jx 7.k Jz5
2 v (fa.5(Source) Sk —ur bl Jb1dl £ Uit Gt e 51 (Loads) s9hst L (Loads) 139 ¢L_is
g?}u:)'/lb"ﬁd-‘a U:kggUuﬁdl.»“u”f/?/;bé(Standby/Backup Power Source) (@'U:@?uﬁ:«/ﬂd/é,lg&uﬁguz
etk [ L LA ST A A b Lo 223 F (5 KW to 30 KW) i e G-y
Lk g P IE I £ sty 2 Sy Kb (55 2L (30 KW to 6 MW) b

e bt g e s A S S\ 2 2 (Three Phase) 267U Zx 363 2(Single Phase) 2 fel
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En————  Gaomeny

ABILslebs S 2

w.}//‘;ﬁ.(@IJQ.QKJII(;’?,J'.{;JJ!,;,J& §'(Standby Rating )ﬁz&@ﬂ?ﬁﬂ(di[&ﬂﬁ‘{lt{&gv?ﬁi@
S e et 1us-< (Standby) Lzl L1426 B8 Qon Sl §1h bz e U =5
e (Pl 139100% (Posti sk itk 2o bl

ﬁﬁb@@%’ﬁ}‘u@f&b’!&WLJI-LL/:/{:_J!ME”K(Standby) JLJ:?!JLZ,,JV!K?:-’!&}Q»L/W)
ce P OIS sta s S 2 e Qb $=PL (10 3046)

YRR Y S

Pt+Pt+Pt+.... +Pt
AVERAGE POWER = — &P Lo

t+t+t
T s,
MAXIMUM POWER RATING 100% /”,,ﬂ d (A~ -
Standb
MAXIMUM PERMISSIBLE ( y)
AVERAGE POWER 70%
7
boe
Y% ORIy -r
RECOMMENDED I .
MINIMUM POWER (Limited Prime)
30% P1 P2 PJ P4 Ps Ps
22 A Kt/ r
o T, o T, T o T, o T, o T, ~epa T, - ﬁﬂ { — ) /ff -
TIME (Unlimited Prime)
NOTES:
| Count loads of less than 30 percent as 30 percent (P,). .
Il Do not count periods of shutdown (T). b ooy b 5 J ’JV 4
Il The permissible average power outpl11t over 24 hours shall not exceed 70% of Prime Rating. /‘.’./7. )}Ju:‘ K L’Jﬂ hd

(Continuous Base Load)

QL

J@%!uﬁu?’éﬁ.‘a Vos n § o6 (Standby) 4 Ul S Lol b Z152s1U 205U s ke S Futue] eI
J#1j (Power) sl 4 (Rating) G/ {1 -ut & seunind & Je1200-88 308 25 (Standby Generators )k 2
L1y B susdr B P o L U sl e 3 A\ 22 T o\l g hesias 80122
s S E g 2o L ISt U S U i s St At AL 35 BL s 2 - S
(ATS) ér))i}u@ﬁféjﬁ/?@.f‘f/‘; )Z,,-g}n(Statuatory Requirement) :«/}/&)GVQ%"U/ sle Gl o x
e leaszrgt LS Uil Ue Qb S (Exersizing)£7 LA ISl s LE Al 2 2 L
< ufuu‘r:_wf:u’/(Standby Rating) < k108

N Ad% K dnssss

LUl e B Tl e LB WL e Bt BT P e e oL gL P L S
_c‘-aﬂgu’fw’yﬁ LSt
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E——  GAUeEuny

AP s

Bl Ut e T gmu%’;ﬁ;z U —e Pt Lol mugcﬁméédu&vﬂ;z,
GG 110% LU S e Fe Sl Soskie e (1133945 80 £70 Losl (Prime Rating)
U ridipaa g e ey iadr i GL Ut ik 2 LA U e S U L Fe Y
_Lgd»/"ug/’u”;*_u’ld%mﬁd/o//’w)l‘adju(Maintenance) u”ﬁ/uﬁg

TNl
< (KESC)S LA 1L | 1hb Ulg <t b2 L L Je1, u,[éuu,f% bl v Jq«'m‘g e KAl A7
S G2 7 e o S Ut e Sugin e tnd L2, Sadd R s sk
‘aL“tgngl.»"/io}.(ui’ufwﬁﬂuwulw/",‘b!,@l.:cf*‘8!/%6/2/‘7.&“@CJJ_,;@Q_/»(Scheduled Maintenance)
s SUBAL el bt Lt b eTip 2Py Lot g 2l i b S s Eu

U QB or i U 5 2 Wt & ST IK e Posl sy e G (Friction) st il L Usig Lo

_ruﬁg.ﬁfuﬂﬁl -l
¢¥(Lubricating OiI)J/T..@/m‘aL"Lgla!j!”/.(Radiator)/":!d,@c/’;,gd/@lﬁlfél/mfjuﬁ/lﬁfd‘zéoﬂi
e b 6 i

_(Ue%.,@/d/ (Alternator) ~ /7 ¥
&L?JJL»M (Heavy Duty Winding)jﬁl}(}zjd{:U:ZULLt'L.pm‘*/,:,/’fy,.:y}L,?}Jfk{é&/‘jy(f:u:ﬁﬁf
-b‘(gL)L/(ﬂ}L;Léj&&"d/@é&fuﬁ/&/’]ﬁgﬂ -

-6 (Air Filtration)o %21 _r
IPNTIL SIS WA O ( ST Sy 3V R TR s R pe g a8

ATB A G- Lk p 2§ LT A (Prime Rating) < Ay sl(Standby) QUi e ol U4ty St 7 =2
Ju’!f,eﬁ«.8@Jul;g_g:gﬂwﬂ{ﬁﬁfﬁ;d‘f%}.ﬁ;tngﬁugo/f;(Filtration System)(b’/ﬁ%(Cooling System)
Sitg S (1.10) L Fut b (i 1z 2 A K e b (I6 (Cummins) L S e 376/ B L1

_‘a&Ccffw

e e Sk SF By Qi 2ol QB uiz s LSS 22l sy e bir B b 2
:«/Vn?/}&{}c;_(}ﬁ,cfuﬁ (Atmospheric Conditions)oUbJ@é# -ﬁ;élgél?./?:‘wé/ﬂi/méf&%&/@m %4
- 31/ (Deration) 3y Ut Fe L B 5312 20 722 T8 (1 bar) Afistsdimme b /340

S lukutm S
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I, o

J!"i(Gensizing)j‘/’Lf/’a/’z

Btk AU bl Bt Pl S 2
AT um?aw,mKﬁﬁfuﬁ’u‘f&&?uéﬁndwwng 2
ot of L2 U e $ PO b il §396 (Genset Size)ibuslerlz (i 24 (51

e a0 NI Z

= Fe o/ LI(Voltage Fluctuation) 56761€ 5» P §E bl BE e 5 LI K2 -t
K S e 2 1 P S L

ﬁ/c;m/}‘ug(Frequency Fluctuation) fLwZ/L“!K@Z}uﬁazﬂJL(gL'ﬁcﬁﬂ;m}/thgtfu}“’,’,@'ﬂKﬁ/’Z -
_Kml{u/iﬂ*/.@!gfnﬂmﬁdﬁ_ém

A Bt 22 (Deration) i b 4 sV S om iy Ul (Altitude) Geskor S 2L UUY_ BT8R 2
B 2% E K e 17209851 Ul 312 19! ?ﬁ( Eeakizii) e t’/("l/.ug

L AL ISy B o

e e AL p A L e e e i ﬁLb%éJi{M(u_‘a%wlufU}é S EIL AL 2 -
S b e e Bt DG 2 2P i Bnind et B g S
5»,’:;7.[2_@ W el 1o b B L eoto L1 &g{(Torque Load) €% {Jﬁ,r}w KL a2 <

d/wui‘adlpKoﬁléL;‘Fhﬁ,@r‘}"iﬁ/"zﬂw{nﬂ'ﬁyl?/?/)'du"/?u@bLnuﬁ'(Frequency)u"’;g/'ul(Voltage)
Seedpistm
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B - oo

- ¥ (Leading Power Factor )m}}yg(Capacitors))}’;(cf“}(lu@)fl_c‘- A4 f'/p(}gﬂguﬁ.fy’vfﬁﬂ A
U:/iﬂ/é 6/?-(Lagging Power Factor)s Jﬂ’”{ (Inductors) J}C«"'l .:,;}J/l d/ﬁ;‘fé =l M, e lrosl

B0 12 21416 4z (Power Factor) S 4 7660 2 A T1o G 16 ﬂfftfza(o.swi PN
- (Capacitors Load)#¥s/Z (UPS) I 4 #Lsl(Inductive Load )< toUI3d6s s iivds / 2 20 2

4

Bns6 2 7 (Generator) sl So Ut e S S L b U6 AL 2 0% b Suy s WAL 2 -9
e L bbb iy 2 2 hn S35 fm’"{{ SIS E Gzl

T8y 2 ks b6 9 2 & S d 3 & Ut 22y Ll 1 Sru f BT AL L 2 i
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Maintenance Strategies

Maintenance
Unplanned Maintenance

Usually fault related and Planned Maintenance
only initiated after a failure|

Corrective (Include Preventive Maintenance Corrective (Include

emergency Maintenance) Initialed prior to failure emergency Maintenance)

Condition Based
Plant inspection to
schedule measures taken
depend upon plant
condition

Scheduled Maintenance

Time Based. Parts
replaced according to
schedule
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Diesel Engine Operation System

Lubrication System

e Lubrication system prevents
direct  friction between  diesel
engine’s moving parts. It provides oil
circulation in engine’s moving parts.

o It reduces friction and power losses.
It prevents frictions and heating up.

e It helps engine’s cooling and
provides cleaning of running parts.
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66 kKVA = (22000VA + 22000VA + 22000VA) / 1000
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Generator Basic Set Room Layout

For Healthy Operation

Exhaust outlet Flapper to

protect from water, snow, etc.

Approved thimble to Silencer Supports
protect i

wall Access to fresh cool inlet Air
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Fuel System

» Check adjust control linkages between governor and injection pumps
(where applicable)

= Drain water and sediment from filter bowls and water fraps

= Service filters-renews elements and joint rings - clean bowl.
=

= Service fuel pumps and injectors Foel
uel pressure

= Check injection pump timing regulator

» Check fuel pump drive Fuel
filter

Fuel rail
(distributor pipe)

Fuel injector
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=
switchgear

¢
Switchgear should be inspected every six months. A typical schedule of work l§ -
would include

= Clean equipment and check all connections for tightness.

=Test all main and control fuses.

»Check indicator lamps at all local and remote positions; replace where
necessary

=Check the insulation resistance of all control wiring.

SWITCHGEAR

il

1l

Sy bkl

BT -9
Lot pbnfolie ot (Reset) Lombai b st e bt G AL & il oren$rb,
AN S LA o

_(@KJ%I;J/?#T e
Enlsilo_ gt 20 (Insulation) o3 1 S s (Winding) 451 S 7« F 6 etZrond Sl S e
s3SIl a7 §(Bearings) 7 £ AT 4 e b/ SldFiin S E AT w2 Seipbayn S e
-ct_d/,/fv@gwlJﬁﬁ"@/’u@itggt/w.m&@fuﬁul?um(ufe Lubricated) 451

Generator (Alternators)

Generator service is largely confined to bearing lubrication, with the occasional winding
continuity and insulations resistance checks. Care need to be taken when lubricating
grease-packed bearings. They may lead to overheated bearings.

Six monthly schedules might be as follows:

=»|nspect the automatic voltage regulator, check for loose connection, dry out if any
moisture is present; remove any dirt with a fine brush.

= Clean air grill/meshes and air filters (if fitted) and replace filters elements, if necessary.
= Check security of terminals and clean out terminals box, if necessary.

= Check stator/rotor radial air gap readings and record results.

= Clean exterior and check holding down bolts, dowels A
m-Check insulation resistance and winding continuity
= CGrease bearings with approved grease using a gun.
»Check all rotating diodes on brush less machines.

TYPICAL ALTERNATOR

2 PGSR e 2 S C U s i T AL S S P eI s s P55 7,
_é,b/u’/“/.u.f
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Role of Sensors

Sensors fitted to the generators provide analogue and digital signals

Provision may be made to monitor:

= Battery voltage and battery charger

=Engine coolant, lubricating oil, and exhaust temperatures
= | ybricating oil pressure

=Engine coolant and lubricating oil levels
=1 =Daily service fuel fanks level &E\% (=
= Plant room ambient temperature ¢
A Y
é
CX

= Generator winding temperatures
= Generator speed/ frequency 5
= Generator set vibration

= Flectrical parameters such as kW, kVAr, etc.

LJ/J &3&3)/[}(:«”70’]‘& J/'J’&/)ﬁ.ujl/‘;gg&&?&}wﬁu}L@L@;«Uﬁﬁ{)}?}(ﬁéu"ié égc;cz%}ul
e STk kel £ T (Safety Bypass) Ve W Tuledl G s Mo LSS 3
-u,vuk)}c@]}(ff/’caf/d/g/%w/l‘an(;fa:«LJéJJ'J/‘JUézV/}'Ll.pn/.lf»c;uuﬁ,g}

Ve F 2 o 2 30 AL 8 65 U1 e Sus 22t -t (Safeties/Protection) e (S 66 e U7,
(1 F Y 505y e et S G d/(ﬁdfgffugj;g_i.lg“U/w/?ubdj;’:éiii.lgfné';y‘jfufu’/?b.d/:ayﬁ}u’fb
Y

e bl A F e STF G, - (LOP)er 2y S WL L bt Sinf T

v/ ;ﬂé¢,+a;fKL@ﬁLa,’9b@nqéf G Il 0L (35 PSIATAI4 f‘a/f’./?KJ/TuﬁJ{l?%

LUt bt G Lnrflug e b Uit fie 83T e Bl 0L (25 PSGTLAIG
-énﬂ'&/v KJ/D/L“u:/lgﬂdji/v;’35/"}’.&l/,l‘j/!’gf!f‘aduﬁdfcf/iéL/

e ST (Mandatory) $10 {1 -&r (HCT) £ e Qs & L bt e Sl bonfiffey  r

ug/,!‘clz;/uflﬁﬁcf:u!‘,?gC’{Z’é._{:'/'é,ﬁ/@%dfﬁ1~o/;"/.j~/;jg¢ﬂ/ufu{!_f>,-‘¢l:‘%@/?béig&é“r}

WSl ISE A e sy U K e Gl b St 2o Tt Gub e 220 0 S A S
-Ltgﬁﬁ%/w&ﬂ/u:wmug

® 111-222-ESL (375) © +92308 2572 ESL (375) @www.eslpk.com @ customercare@eslpk.com <;0




. -

Lol Bt A5 L i n Sl (LOL) SR el L L ablot e §EnfUd el r

AP0y - eSS F e S S e s ST, S 2§ o Blo e by FEE

;vgﬁ'dé/gf'ngoku”aﬂﬁf;fiid»yd/dl;w-‘a%/yﬁu"{c'cﬂﬂuf’w"a@%@ciM
m@‘ou[(:’ UL FlGzn

- V@Léuﬁﬁd;ﬁ'g}lc“_,ﬁuﬁ;@d)ﬂuggf’/d-éjf‘//fg{f/ub}”héj.é&Wufa/}‘d/é_lgm‘/,cyu/bwi{'d/u{i "
cuuﬁdﬁﬁfﬁf:lug_bg lz)/,«'a/cj{'d‘k:/}’t/?:«ﬁ@uﬁ c«/ﬂd/ngm?.MéZTL c«bfc,wu/?ﬁt”/ d/fi
-Lt’yb’ﬁ

Ut L ESEF TS Aoz e Foatked e bl s iz e s UL

L JL L F15r3 85 Foubr (LCT) e L L st §ibn et
LA S5 S50l B Ao e b e AP I 2 S QPGS (P e )
LG e 2o A FYE i PES e et 287 m e PEES g n FIL S
e oot 39 L (BN TP e e JR S G L g 2 TS ol S =

—e bl et

e b TSy It BSTL F 1l HOT A LS T AL L bt e S bonmk i 6 ST o
-%Q}/uj’jdk}/(j{ e S S b S5m0

&%/(LL?L&@VU}’&@/?@‘L/U@L:Ab;uf"‘:‘/.i/)lu’ﬂ‘:z "...A’%du/ié/i)’mofd/u{’/wgy@l:q)/?)l

-~
¢

®111-222-ESL (375) © +92308 2572 ESL (375) @www.eslpk.com @ customercare@eslpk.com




B, o I

-_-KL%‘}cKé;f”J-(Power Factor) /ﬁgj}g

U - tr i N b T B e Qb S 2 s stecig e B sl P s 2
A5 122 L S Fsutme t I & 2 L¥E - S 1us Utiie (e fudd 51 Pt
e 235, b LI NG S o Sl un s S g2 W L6 e 34 o S K

e bt Pl g I e e I F B Llossle b S LS i Kb S 42

A0 TO B Ut U1 osle Yo i Sos—e b S L S e A1k
SIS pES sl bl Je Il S Benig S AT 3062081 /B 7L L Ji
e e S U I E e b 21780670 2L U1 bonle

Udsglea bt s ?§ KW UEE G Bl St A tVA b ek B o S o b S 2
ce S P tnlprond

Apparent Power
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Reactive Power ( )

(kVAR)

‘Working Power
(kW)

This angle represents the
power factor of the
relationship.
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Parallel Operation - Synchronising AC Generators

Synchronising
GEN1
BUS-BAR

U
] LOAD
o

s %

U

When the Synchronising equipment indicates that the incoming Generator (GEN 1) is
IN PHASE with the Bus-bar frequency, the circuit breaker can be safely closed.

The Generators are now IN PARALLEL, the next step is LOAD
SHARING (To be discussed later).

Gkl e AP e el e Sl 2

lelUt(Reliability) $*it ,'

&x’J(Load Management) 22455 -r

S SEHL SR AR Ik

= JJE&QLLUg/?(Rated Capacity)ff/ o, A0l s s 2 _r

=5 (Wet Stacking) =t s o$2 s/ Sp e vl o

0 111-222-ESL (375) © +92308 2572 ESL (375) @www.eslpk.com @ customercare@eslpk.com <§5




G el

Jig»’bi&b«ﬂ&)f(Critical Loads) 754Ul ¥t &b & _44L-L (Common Bus)ufu”l{ug/a?z Ny
Sk P tie s s PP il 339 6n o (e UL (‘-:"J,,,,;u%f/'u/?;,z 2 lky e (FL U (Handle)
%5}‘& ‘@L/ﬂl}(ju;/!)vj‘}f)bu_l;é}ﬁ;lug“é;/&/:'l:l'/';z(Synchronise)’/’t;);jtzﬁ/”:ﬂ%quﬂ4
L‘/J'lmg:_,(Common Bus)&J%;égL'}'!‘LL“nﬁ;’u‘u/;I(T!:dA/t%f‘LdJﬂiKu’i-‘alrM(Load Management)
AL LTt e bon 0l S tasd o i sl i AL et Sl
%.lftnc/u‘!_,l‘?!K:,}J/'L/‘Zl,iy“gdﬂﬁtnu@!'(fjv&(Capacities)_m}d;i "lu(/"“ﬁ/(Load Sizes or Demands)
u’l_n;:Zi"';J%/uﬁu%"uﬁ:uﬂgf(Break-down)JAJEu’iﬁfbﬁ;/.‘ag’ﬁuﬁ&b(Redundant)ﬂU:ﬁ;Aﬁﬁsgf
3Pt JAS2 U Zn JEL LS e (Peak Efficiency) G1 G D6 E s 22 ool e 1 2 BT
LU s Pl oI I st e L §5.1062 2 (Lightly Loaded) i /39¢ o Ui p ez
Sef1z-c bl (Wet Stacking) - tse Sl Ut A 1L F1sbte S E U fe LSSy b est £
3Fsl(Piston Rings) &2t L s S5k€ (Blowby) Sk I 3 twnilad S £ i .06
uﬁ(Crankcase)Jf/.Q/L u{l/-o:/(ld/:fcm JJU)"L L“n;)g,@ic);,e JL%;(Sealing)u@’J‘(L;’ J;w%,;u ﬁ/ui'

-GBS

ey
U5 A 55 G e ks - o FE(AddIShed) s 7 b1 i3 oL 2,
S U ip 2 ae QAR A ESL e ity 230 s Z VL L (ONIOFF) sl 1

st S

sl IS (Paralleling Switch Gear) </ %> Uiz

J;!(Control)J;}’/{(Measurement & Metering) Jjg,:(Protection)Jyl}?(ParaIIeIing Switch Gear) /’-férﬂ!/}
ui'/:ré(lnfinite Bus)/‘:ﬂjvi ﬁu'(lsolated Bus)jzﬂ/éfé ‘3{31’/@‘,-‘@ b.f/ug?/l:iﬁ(Switching)V@/r
_ugLndW'JL/J}}Q/(Distribution)Jof/"ui(Generation)u’"/'d/ug

Breakers & Controllers Layout

« 1 Gen Control & Breaker Stack for each Generator Set
* Master Control & Gen-Main Breaker in One Stack

« 8 Feeder Breakers in Two Stacks

« Utility Control and Breaker in Stack

Control Interconnections
= Power Interconnections
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(Isolated Bus AppIication)JL»”“uf‘QiéJé -

#1-L (Dead Bus) bt/ U} 5,,/,’&I)o/ﬁﬂﬁ ket Ly SR g 2 Gt e Sl
Usnsbieorkir 8- SR I3396n Pl Lipe Gianl s \op U Seslp b P61 e (AL 6k 2 e bl (L
LU bs/ LA S /v.fﬁ)(ATS)éy}ﬁt}ifggJ&%bnd/@ng-%tgttgndfu:f;?mo to 15)ass e
st Pt bl - s ST 26 S 71 st 45739 (Lower Priority) s G 5 ai 2o b ek S 76 Fie 72 o
be (423L Jr 1L (Break Before Make) 29 = &7t oLl crlof 2 330 Sl S Sl (o b
SAT =L 1L (Make Before Break) L7%;&i51uvéqtﬁq "'J(;"{(Open Transition)/m,q;i
J’i‘/'lf"ﬁj;gfu’uug b AL 43%’;/;4 uﬁﬁr‘a Jﬂ(Synchronise)'/’L’u@é Z u/m{&*@ 231 234 Jﬁﬂ

_‘gtlgg(u":(Bumpless Transfer)f:zug?»fg(CIosed Transition)

(Infinite Bus Application)J&1AL 5%

'/’L‘;/;u"{jtxﬁ éj““;f /szﬁ ul,@ ¢t & »(Synchronise) '/’L';/Guﬁ u?f)/:ﬂ S e ueaa Car P osZz ol o
u(/mLJfL({r_/‘kf/&l"CfJ)c.3rd/u}ﬁ>(8ynchronisation J"/’L‘;/Gubwzi é‘i’ub’f} c.L“lpb((Synchronise)
SF ﬂuaf-c.u%fnvwﬁ//u/%,w&c.rw Soft Load/Unload) 5l 7 616737 LL e lrinl Gt e e
£/ 1/, f (Dead Bus) U ol o (3 L7l dw‘u“”f P b nlgr &y SA L A WLLLJCLM
A& i 2L e enls 2SAEn 390 S e toni s s //:lat'bJ[)// I e S
J}//L - Q;/C;/u‘"!/d//;g L;)/g)("/wffubﬂug Zbxlsf b M4 AL (Common Bus) u{c/&.):;
r_.,uijsﬂiilﬁ@/:;z”?g@g% Sl g s 2 gm/g‘a,‘él.{ju(b‘ff‘at'{tg/agw(Master Control)
ettt WL T8k e L i St

sl £ 3EIESL) Jldldliiu’l-%tgrl{lﬁéu)f!L(Load and Demand Management) &4 ¢ 5l 3
-LL&/JL’;"’)}P/L(DGGP Sea) 6?45/6(

39 (90%) adde sy i 2o blost PRI GGk 30 gt Lo P AL (9nsi s 20 Qs s (5
Logap-t & sife=(Cooling Run)J’ZLngﬁugdga'gm&)ﬁﬂrﬁ»lq;&(gd{/@:«f/éjﬁﬂwé'gtgwé
L Sl 23 Qg 2 (Peak Shaving) bk 41— (s ] (Paralleling) Lz AL (55

L@ &) e bl J e oSG

{&KJLGAL:«?&}?/}LM/ y Vi (}V’ /~U~L/(f’/////ﬁt(il/)d/d//ﬂfc‘—ﬁ(}/ﬂu (3 Uu’ PA¢
Wyt ip 2 S e bl T I S Ut L e [Ev kK (Wet Stacking)z 27 ([ 40% )
e bbb e E G Dl il 8L 2Ttk 2

St PGup At e tob /P op al T e B i B ie bl Lo (a0 ST %
dlgd/djgcJQ&/J/GQ‘Lt’@&Ug{)}JJLﬁﬂ)’M[LWL:’,)J)}Jc(;”&i/a)’d////uifj &;J)/é”
-JJIEJ Llesd p e
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J?UE ‘@f'ﬁjﬁ/‘z‘f:’//(Cummins)/

(Compression Ignition Engine) 1”12 i(Spark Ignition Engine) ¢ MJLA}/}; PSRy
Ji5U 7 (Compression Ignition Engine);f:! Mﬁ,ﬁi;.anI;Qﬁch}quLul.ﬂg.bnbﬁfJ/;c
L!;Lnd%luﬁd/“}!_%“;lgi,lg;(téfﬂdﬁ/‘;c}"u(Spark Ignition Engine) f’ﬂ’:ﬁk'ﬁu}ilﬁ/j'

E I B AAH S

Diesel and Gas - Performance Differences

» Continuous Rating Only
»No Prime Rating
»No Standby Rating

» Throttle Plate in Air Induction System
»Throttle Must Have Conftrol

» Fuel Is mixed with Air at Turbo Inlet

»|nherent Delay Before Cylinder Condition
Changes

W o ;zu{ugtamdxg*ut/ Goig 2 quﬁél_‘éptgmwdwt{f B AL el b e Sz
B HE KT QAR L N £ I\ A B Gt S eSS 25 P K g &t
& 1f34 2 (Stoichiometric) 4t U bsl gt & e 18 el St el & vsb Ko oy Enl Ui Zu
ui'dl:v""fiJ)é.)/;)/":)ZU/.Jg_ugLMj:ﬂ(Lean Burn)U/.dgu!ugZ./Jlﬁ"iuﬁﬂﬂ}bKw :uﬁ:;'.&&zm;p;_ug
LA WL ﬂﬁuﬁﬁgﬁwaﬂu,)dﬂygé(xﬂ T) s\ sadd 700605 T4 =R e
J&u%uﬁuiwuu,ﬁ;_@gwgi Ku;fwu';tuﬁ/ig);ﬁ;zuf/utw/&ﬁ;zul-ugz_nduié&»/uﬁé,.wi
e (T b C NS Ut 653922 52 Sy sl 25 G K stk Je Pt OS5
RGPSy i 2 L et dppdd S N5 L sz U s S s e

"LUQL&WLQUD’JJZ?AW:«;?U& e i a0
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?c‘,t‘na;.l:]u{uf:/é'cﬁﬂdzfé'//l/u')l//'i./'z‘fg:l

ﬁt.ugzéd'{ﬁ;uut;ifﬁdgf&tﬁ{fﬁ:&h@ﬂ.@utuu}’f_ugz.tgémwc_ff!dzsﬁ'uf}'/l-.,m
b/b:ziu%{zi u{!Jzﬁ(Compression Ratio 9:1 to 12:1) ¢ Kﬁ/;fui'j:/u{
5p}’rwut/‘a)zu~fc)w-+ Crae [%uﬁ.LG»L(Compression Ratio 12:1 to 17:1)
+tnfw4o 30 uﬁ,Lu»Lufﬂ Jzi(Break Mean Effective Pressure - BMEP)
APt AULUASI - (BMEP - 16 to 18 bars compared with 24 bars of diesel)
~(120 bars vs 180 bars of deisel engine)‘agnﬂé?OL“GO ut,LwL u{Uzﬁé/JlgﬁlJ(Combustion Pressure)
K Sed A B o 6 5504 65 150084 L AUl e AT Sl 20l

~c‘,t'%o).l;]d5(u:4u:‘£u{ldzf ($/kW)

‘.‘c‘.L“nLJT)/:‘d"/c;(High Starting Torques)Jf)&&guﬁé,,mLJIJzﬁu’fﬂu{r

ﬁ)d}@ﬂéﬁé@?@ljﬁﬂdsz/'"a bl T AL difc;;{c(High Starting Torques) Jﬁ)ﬁég}:}zdzﬁ-*lﬁ
fdiﬁ(d/g@bﬂégﬂ!}/l}uﬁuzgfmfguﬂ.q?é'.mfla.éfgéofuﬂd/a;/&bz(Single Step) uéy{:uﬁgdug
Sl 48 75 = 10 w2t nliTyie (High Starting Torques) 3 ds Ut 2 240 %L wlogt 2 S P oo
C6ad 75 < 10Shend A e o212 'JJ’AW’JLUL/(”/U}'»‘uﬁ/iﬂaffmdzfeﬁf MY

_%:JL:@:J/‘;;Z(L?/ﬂzr¢J/aﬁuf/u:fw_éi_mdu,J&[}uzu,tJizsL(VJ}ég}wK

PROTOTYPE TEST SUPPORT (PTS)
50 Hz TEST SUMMARY

Transient Performance:

The generator set was tested to the requirements of ISO8528-5:1993 to verify voltage and
frequency response on load addition or rejection. The following results were recorded:

Load Addition

0-50%

Frequency Dip:
Recovery Time:
Voltage Dip:

Recovery Time:

Load Addition

4.32%
6.8 Second
14.5%
1.5 Second

0-75%

Frequency Dip:
Recovery Time:
Voltage Dip:

Recovery Time:

Load Rejection

8.40%

13.0 Second
25.7%

5.6 Second

100-0%

Frequency Rise:
Recovery Time:
Voltage Rise:

Recovery Time:

10.8 %
3.8 Second
17.7%
1.8 Second
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?4;_J}y/uﬁ/‘a/‘zo}ufizb?;gd/(Performance)J)/CKJ;I/%/‘%}JQ?/?;.Q%d/(Efficiency) P

3L &gu!(AItitude)dA Py i/:(Temperature) :ul};,?n,d: I uﬁiﬁuﬂzﬁg;g&J (Performance)di/; (.,J;Z
WU ok et 2 d L (Efficiency)es WUt S b 2t 2 L J_wliT7ie (Single Step Torque Loads)
~4f¢/gf¢¢lz£u;’£diulyLl.w.iamfi/‘uﬂ/w/ui///oyu/ié EfflClency)uLffLLdrd;l(‘:/
BT I b2l S Ut ATl b & S AL (Utility Power) sl G5 U2 # i 2

S 6 D603 62 (Island Mode)sr i T8 2wy 4 £ (Grid Mode)irs o

‘.’aL“n[})l/u.‘f‘f{/“Ll’Zld/Jj:ﬂo}c//l‘/fnuJ(Performance) Lf:/’?(ul (Efficiency) w6
J/Kﬁat“lakfué‘ Turbo Charger)//ln’/ 1% Ju"//‘jfé;bié (Efficiency) .AJ
// ?Cl UhZ «(Twin Governers)///:’/ub/" (Turbo Chargers) /i/bi/w»* DY Lend L Performance)
(Performance) d:/cgfg.g:uﬁ_qga_lgcﬁ.,ﬂ Twin Gas Control Valves u’bd;/u‘@b/.m(Twm Actuators)
& 1 AL Gt = Fem M P ioial (Sib i En i S L2 Sp AT e D L
Ju‘”uy.///;vu((Performance)J/K///Jfé/u*i/_/b/u’f/;!dff;)K//rd/w/;!d/ﬂ)fu“u” Jt
A oSt er St Lssin JG12 £ Aot gt ok 207 (Cummins) #-8 UHg-t Jo

_u*glyéw/m’vé/u“’»{d&/‘Lu»L//’(/(;/U"/Cummlns)

o bvemsliusd e ;zdgﬁu,'um{u‘%@a /'zJ:/Ca

(Combustion Pressure)/":./? s s/ (Break Mean Effective Pressure- BMEP) 5gu“rwuﬁ/‘aﬁuf.6;-.,m
Js ¥ £ 4 e Jn s sy usiy L il e (nfadd 40 & 30 Ut L F1Uz3C S
2 IS SKH e pul iy i e Mo iy LA AR i L Sk L
_4;_L“m;g)‘j}‘(uﬁé._wziufidzﬁgl/;;K(Top and Major Overhaul) JQ/»%A':«C’JJ}.}ZJKJ/%@(}}C-UZ

St 74T (Island Mode)i» (T2 £ Fiufurgtecfidyidea
el 2 b S B U3 T A s b It - 12
Sl Jy3 4 4%&&}:@&%.& [@?(Energy Density) = 3617 (Natural Gas)uﬁf&/ﬁ _
S uff.awuw 2Lk 5,,/,'@7 JrtaliTie e nd 42 L (Diesel) s 5 bal 0 o
Jflﬁ*mffz:Jlb’c;);rixﬂw&/,-adw(wtwuwwJu’/d/ﬂdbgrfl: U*(Cylinder), i+
e G e (Island Mode) i (TG

DY RENIEXENY Cummins Gas vis-a-vis Others

= Most Gas Engines Altitude derate is higher
= Pressure difference across throttle
» Most Gas Engines Ambient derate is higher
= Pressure difference across throttle
» Most Gas Engines Load Acceptance is Lower

»Change In Fuel Flow Must Pass through Complete Intake system before
getting to cylinders

* Most Cummins Gas Generators are robust and are meant for:

=»|sland mode operation, At high altitudes, Wide ambient temperatures, Low
methane numbers gas, Low energy gas, Load Steps of 50-75%, Landfill and
Bio gas, Flare gas, Anywhere where ‘burn-able’ gas from any source is
available.
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tngzlﬁ)f;d/lncﬁwuﬁ/ﬂéué!dz;"gad/w-% b 3 AULUUE (Reaction Speed)/@d/ﬁ/(fu{'wfiﬂdzf -r

2 e LSS P15 s K mi# oL SISt R S22y Bl e

o4, F6. sl o Kl Lo E KU il Ut FI U0 i se B bl 4 U5 Fe (1116 of @ Cycle)

AL F Iy S P Loz S s B PR N35SI s Semss 2 Ko A5G e B

2 3L 8473118 (Turbo Chargers) 2/ 4 /e b et Gor i it S (Oxygen) o Tt Fluduns

s S (Multiple Cycles) # Lss it 17 (30 to 60%) 44 St L3It 30, L S e bbb
el WA

qb»uﬁz@_i(lsland Mode Operations)ﬂgfﬁf@&fﬂﬁjﬁﬂ/ﬂ'y%ﬂw@zﬁé %@/’d}iﬂdzj_a
Stdse s

o5 AP AP S5 (RPM Dip) UGy (Flywheel) S5 b oot 2893 2 e AL Ao iz
e bl LB S A At g b S Er W 2 S ¥ (Voltage Dip)
Lt Bt 4| (Block Load) 3 S Uy U &S0y e § i 415 = § Uk 54 (Multiple Turbo Chargers)
Lﬁr@yjﬁﬂu’f/&mdﬁw-‘gglgnd%y% d/f;r:f,Ji//g/l/.?z'*/l)d/in)#d/}LJU&lz:(Motor Starting Torque)
L P p kg o S

Ut L e IV 1 tn b6 (Break Mean Effective Pressure- BMEP) fg;}/rbmﬁ/@’r"ﬁﬂuft{j{/\
L (16 bars) il JrSze s S (Break Mean Effective Pressure- BMEP) 5 5o el 27 €74 12
L Pl S1A N §t sl Sxosl 3 | o S 2 gk i- o 2t AL (18 bars)il add) 412K e
@mw?g&&u,;{Luf't‘;!u@sz ﬂ{o;&)ﬁ%éﬂgﬂaéo?ﬂzﬂ&%'ﬂ{j L,..,,»«Lmup-ba&%JJum

e P Wi LIS AU LS IL FL AR L 1 - it Sf e Pe

?c‘-L%ﬁw%&ﬁ(ﬁv&éuzﬁéuﬂm,wéﬂ Gt 20

70 Ls#2, ot/ (Methane Number) e 6WEUA (b e (00 bk S L SIS S Iv iz
sl B8 It EUIL S o 315 tn 80 & 7524, Ut b U U | e b £ 90 =
S QoS b S sidle S gt S SAL A3 2L e e F 50 MN =8
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!)gi!g%KJ/@,}ZJ{(Cummins)/:@éﬂg%,,g

IS E e 2 Soalel o S A LL S GG nbos S L LS Bl b e S
Blosg sl oo Kt IS A ST SIS P e S St B AUErS 1.6
o K

FAE WG d AL e FEE S B A 1 e I 22 1o PP
< $HL L Sl e Fedudoule nd b uidi st k2ol Bdislupny
ug,‘czl%,"c&fg(Co-generation)u'%ﬂ/c;luﬁugjugﬁ.‘agu!}dﬂ/"‘éiy Kk Ll ﬂfgﬂ
_‘LL“lgLff(Combined Heat & Power)

A

o

: Heat to building
—

thermal loads

= |[[]]]1*

kWs to
electrical loads

J/L.:‘?c‘aJ,yj'(’U/“/rKu}é{/&w[,L/J”laJL’G(Co-generation)u’iﬂ/
ke sAISLL s K

I e L bz e SLT0S %

P B e et S K

LS g Qeiind 75 [ Prav it b LB e tbpers bk S P e SAGL A
_‘Lt“/ﬁf&li:(Energy Balance)uy.‘(&tii_+&@néLbuﬁd’!/

44100-G vy il Yk

#4360 LG AU S Sl

4815410 _EWKG AL Ao

430 3617 Lt
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®111-222-ESL (375) © +92308 2572 ESL (375) @www.eslpk.com @ customercare@eslpk.com <‘2




—an e

uﬁu/JJﬁQam‘_«, ?(.}’/.fﬁ‘a J/J:iuﬁétllc@ KféL‘!?M}SBOL"70;;?:«}11):2(Co-generation)gfiﬂ/

-Laan{,:gm;
_uguﬂfié(Co-generation)u”iﬁ/fgu”i/‘?.»gcuﬂu:/u&/d/alg,’%i’

-+C¢nu,;y£ (Co-generation)u’i /’7./&1}:@’1 ﬂ»&f’/&/ ?unuﬁa[ﬁl/’iaglﬁéau!/dﬁgjﬁ

FeldPosssrmpopnfor S b S B Pt nsie artodine bl
-(Short Term Payback Period) ‘L&C@u{wbgﬂ:!;uﬁ&/ﬁ?@du(&%m%

LS5 IS e IBTUM) 26 3500 0* L S (Thermal Load) 0 F -
_‘Lﬁgnuﬁu?/ﬂufm»f]ffgVQJU(Absorpotion ChiIIing)J,f:m"’A!(Low Pressure Steam)

i e N ke P SHE A e

Urobed S Sl 5 ELdn Poeg §1 85160 O fmlitE s Gt ed S B §F o
-lfnd&

Pl BOE netlrll PSS Ed s f om0 S FejuskESC o
z;!(VandaIism)/";%/"?,ﬁ, me_}/;,c;at Wes| Lfo“ﬂ@,g/-fnﬂz_fﬁ(Co-generation)
e Soledien it s F i 2 s (Riots)dLT¢;

85% energy output
(U.S. Averages)

IN OouT
Original fuel Heat loss
source
M L o ’
S e i 'l
E 1 L ouT
it i i o2 Electricity

Natural
gas plant

our Wl A L

| Usable heat
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_q;/(‘f:“}‘/ém'rﬁzi(Energy)&t'?d‘;c,é,/éﬁ/&((/?oufﬁﬁ)%;& -
_nozr SIS E St A T o 2 _r

Precaution to carry out electrical jobs

» Avoid, as far as possible any work on live circuit.
» Check circuits with voltage testers to confirm that they are de-energized.

» | ocking out main disconnecting and isolating devices, and tfagging them with
warning nofices, it is prudent to remove fuses from circuits, as an added precaution.

» Exercising particular care when working on breakers, which have stored energy
closing/opening mechanism

A DAN N
m Electrical
hazard
Do not
touch
(Emergency Stop ).;l:’lu’”’/{lu! (Off)JTu?)/‘{' (Microprocessors)/‘//)/?;f/l. sl (Sofware) s i i -

_Q/;/Vﬁ/?/)bﬁauffl}?dﬂ/?ﬁé

ML Y S St P O e U AT 0

ce sz A S (Test) M/ut%.».w/JLT&u/ 0

Sl S S Tos bundl 2t ¥e su S EFLOTOG s 5 25, DC I AC Pttt -
ey &»m%&d@ﬂ&ﬁ “«

L5 P su S LFLOTO rbr S AL RS Ay Lnt nd o e FIL Sl Sdersn -2
U

572 S LOTO 5™ (Valve) Sl Grets(Air Start Line) ALtz AIJd S5y -A
_ui/”‘.l:an

_%g&nuﬁngu@agfﬁywiufi/,r)l, -9
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4»”&‘2&(Jacket Water Heater) /s 2£2.51(Battery Chargers)iz/l /& Py jb’?(ﬁfc;‘:/;g —le
‘ui/”‘.l:an(‘fy

S EFLOTO A Bl Bl it iz (Stray Voltage) = 1S Bnfuf f 85 e et -
Ut Ui OPEN | OFF < s

3Gt S5 e sa S GFLOTO b5 Y sl s sJ#T (Output Circuit Breaker) £z 2 vl o L
TS S AT T Y S| ¢ Ry oy

_ A S (Grounding) £ s/ be

.f/‘;'ﬂ/’%d/uﬁf{(Conductive Surfaces):«lf’}(ﬂﬂ?/?,;d/({/;!‘a(Grounded ﬁifl/C/d;!u‘/beu'ufaLw
J}?lﬁfuin;:ﬁrﬁfﬂgfuyui(Conductive Surfaces)olf’}(ﬂft“uj..@«*é (@L(Grounding)
Lplpe S

_d/..él‘ﬂa(gﬁgﬂ/»/(gg'

_“éjd‘lé KUY LJ: 5@/ﬁ%-dﬂ&“ba (Processes) J ’f,}f‘w’r kL uyﬁ}s:g%d/)ﬁd;u}f‘é/ﬂrKIIUL bgﬁ
‘-’ML‘;gufdfWg/ﬁ‘iﬁ.{&uj‘a//rKQ’&Q&A:'}'Q/»Q( -
?nyﬂaﬁfaﬁM{w/»:—g’d/cfwlu:f&l,K;/}/?u}’;@?uj‘azﬂugi&.'&/uﬁdﬂ.ﬁﬂf;l/'!g/»g -r
?Q;J’fuﬁgﬁfdli?d/u;/uﬁu}‘a/ngi&/uﬁditérgvfg -

_ 421 (600 Volts) FBie/x 5l x 2

S 2356 (Energy) S3 21 (Cables) 47l (Windings) %1 (High Voltage) @“J»Jp;i(Medium) i
S441 (Bus Bar) AU «(Windings) Fx1sl /61 (PPE) VL 55 Wi e P s b g Sb o Lo
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QSIS izl & iFe st (Fuels) % e s Pl Js s o et S0 ST s
-Q/chg)&“/éu?)jidzj-%tlgﬂy‘

A CAUTION

Risk of fire
Highly
flammable
material

I PYy vy

e (e Sy U e st 0 e S L P (T pe e s el
V- I N1 R Ve P

U ootk Bl (Blood Pressure) il winF EAL el b i b it AL et L Jp A
LYt el s

LA et UG E y

AL PL PSS G S8 S L Sing LakbuaiJege 2 iy i/l r
_qjﬁuauﬁmutad/mcdu?

~z
-
-7
-
—7
-
-

[ﬁ;‘ T . e

JAIE PRI S s
,éfufﬂl}ﬁfd/}/,f{ﬂ;’;nL/Jlﬁ/ﬂdzﬁf(Butyl Rubber Gloves));g/./J/E’;gg (Vinyl) e s _r
-J:’f}%@v’ug’iuyf téuﬂc—,fwgmu{w&w@’ Mugj?//’/‘a Ay _0

L S S L
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@y RSNy
&L’#&WLJ/{./‘ZLJWU&;

-n/}fuﬁ/’ﬁ’/.bg’ﬂuwkj{ﬂgu:ujﬂ"zﬂ w
St ;z/,bu%{/:@ué_n@uf Z Lt L A1 b/u:(wp? sl Lg&n_,gvm, Aweotd Lpz ks

& s Bt
SENEP M S T e i L Pt P OONF U S eI T bt e B %
By AT

sl e L S OANARS %

S SP e L LS e o pe n

u&,fr%EéiuledU'G’E’»'fuﬁu)’y"m.u(f;u’fcfznén'ﬁ/,u"5'5»5»1??@'5&.:)&,«2_5//)0/«)}2uﬁ/"zﬂ ¥
e

AL LAL IR 2 of e Cp oS B UR L LGy oA SR *

L3 M2 e S5 (Exhaust Gas) e bl st b S et K

VISP ORE) T ST

s L st Jere ST

o ISR STl p il e

,«JLQ/QrK,/?M’?Lluﬁojﬂgf’:u/fﬂufbﬁau%”-gwf’iadl?u/((Changeover Switch) érmlép%&]iﬁ/ PAd
NIV BTN

A6 G i G (ATS) éy}ﬁu‘;@if’ﬁmw/ ol uﬁéZd/f}d;"z e i ST Y10 ¥

S AT S P S

IR Sz Sl e o JL;{/quugéKiég;M/,lLUeJ/;,-qtrfﬁd’/Lﬁﬂfﬁi b A

—zrnbadt P Ctar 6 Zd
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e WSOl

J’)/Kéj'fuﬁuép»w’jﬁ/ﬁﬂ

e UL Sttt E B b BV e S St b & 7655 SRS B Lol
-ui‘;upb,»;%nﬂ?'ﬁﬂJ%ﬂﬁgco?:’u[ifd}gugiquu’iu%/

A A ol P i b L Uy B8 s S i)y & E st Pud s S ) st D 2 itins
Aot 2 iz spsG D LSS DS e £ S G b Jo s S b o AL SABOE e B P
VCJG(&‘J KL/(»!/’J,/&‘J/Ld,:?f&/u(y)/gﬂf@/ﬁﬂa? L& (e 2 (Six Sigma) VE Y

e (P sbe =t 2L (Six Sigma)

U S E w b lF S e st A SD s BT B, L S Six Sigma) e o7 B2 4T
By S e SAS IS St U B g B s e et Ul B Sl g e A F T
LB ?@Lndhéﬂwﬁ;m//’@; AL /:w_aamm“vl(f“ Qﬁuy"ruf L»f?@l.t/J AV N
A= WL (Six Sigma) Lt U A UMb F St e i &S e St - VB G e
bl e by S ST bn S I e ) e g L

IMPROVE

y - CONTROL b

u’,‘m,'uwa%wwwduruwyﬁ,wﬁfq/ﬂ_ﬁ.&?J&Jugé’ﬂﬁiiL/J‘uz,/‘,,l%&nfuﬁd;?g‘{qw”
e bl bl R ale bW e bWz gr ZX SRS Fie bl gf(K4(Motivation)u“%,ir,,:%}d"/ g
Wt dopin-r ZLEWUT e b B d 2 & S b U uimys B B (SOPs) sl
g Qb S8 (BYs) St Ut Ari- e b Jr PE Sl cmen SUbTH U e bl OB A,
sitre PSS H e $S6 1 se byl f (Bestin-class) b 06 #-c bl LIt sl L WFUS-1K (Pareto)
RN (Cause & Effect Relationship) < bl g(’tm P L L —-I-< btk |/ (Benchmarking)
_LaélgJf@ﬁcw%m‘g&lgffugw/ﬁ% L"lglz’/c“?ruﬁl{"g/’f!/ﬁgwi “J}’AL(EL.#G/(VOiCG of Customer)
= LGIK G e LA E b (Poka Yoke) 6yl ee Usbbutt p6r iy U e Be$rad 528 (DOE) 1 o1 83
Ll i S J S (End Quality) (WS T1 Ulests 5 T b\ T &b (5S) A6 £ St

_§.%_',!7'(2-3%)194.?05(_»054".(3%‘)’[96/&}?J
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e EOIEGEE
2L I GBS A L LA e S A E S S et ol 2 S YA B ]
e o= Ol L it e s /I (Six Sigma)L‘C‘fC/:?ugLLJ/ z;/mu;uu/’f%mg&mu@&/wgc -5

e S
_.Luuf;&t.,gu’,i,rfdg,,,tgw/ff@,g.rf”uua‘-uﬁ@mujfm/'uUﬂ,é,/}/gjl{z‘n//{ga,‘a?u:%/?/f
SesnadosEle S5 L6 e FTEF e S P S ol S i etz
i e F ST SRtI fiie F L NP AL o P S S S F g
B L LG SEA IR L I yd U szr S ﬁ";uug@_%u@wm&*fumf At
LIPS G B EIF IS WIS P gl K 86 e U Gme SIS

e FL AL P i P de

S bt & oy (Caloulus) S UE o 2o S e Bl £ 3k et o Ut i
3 e (LI G Ay e ML SR K-S (AB Initio Method) 3 Az e el
IIRIZI L S FIGWE et S AL SR sl S S St S bl g1 G2
:é,/ug/uj/g:(Washing & Cleaning)2./.3Lo/;ié.f’n(Dismantling)c”.ﬁ:ﬂjﬂpfci_/ﬂlagjjgd/u!:i,/_ggu‘;/
e L/“?zid}g%/}ﬁf Knui’dlzv""iuﬂ;}’(t’?&L?b@i(Reassembling)ﬁ_izuyufuﬂziu’{':L/;L‘?‘lKuj/g&
et S L A AL AT e

-ALQE{J?J}/.’K(Key Performance Indicators))ﬁﬁ‘iﬁG{Jj5g/ﬂm/d!;L/ﬁl}@!£/_Q
(Mean Time to Respond) :;UqulKJfL -

(Mean Time to Repair) _Lssb-s/6 =i -r
(Mean Time Between FaiIures)z;!m}wiufl.éu;gv'}!}" i
(Mean Cost to repair).;i’)wb@i& = -

Quality Maintenance

= A

Maintenance is defined as “the combination of all technical and
associated administrative actions intended to retain or restore a
machine to a state in which it can perform its required function.” The
important criterions in achieving this state are:

=Mean Time to respond

= Mean Time to repair - Speed of repair

= Mean Time between failures — Quality of repair
»Mean Cost to repair

e Uirhe (ES gl Kﬂtﬂcyw-tﬁu I e B 353616 St 3L Aod s n L G
wgﬂu)_wdf&uiéumfvé =y LJ/J’?Z, SISt . (b= 08 g e $H 9L u,ﬂ{u”kl.yu
-gf/u;u(fujﬂfﬂguﬂ“d’iﬁw5vj!/!Lﬂ/lr_lmau’;¢ﬁ£iwci/wuftﬁ Six Sigma)
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(A Perfect Overhaul) Jiss1$ (]

Gbes Hoe  PL S B 28 U (The Spirit to Serve) sys 2 (0L L (Marriott)ee 2 e
" EN Sy A F L Bz b T fiAL P (Chef)

A1l ey 5L A ST e ol S ol 2 St 6L L (Business Empire) 744 S5 iU
s W52 L e AL G e S S £ s B2 S A I e Fi e S
iy & Lspp e blinlunsns (SOPS)s Zay ik T3kt A\ & o et I Sloe JBL Ut J 8 b b
Gttt s § S17mE— e G (SOPS) G K S Ul st Gl ST S (SOPS) I L&t e filarns S

—ur &L (Plan-Do-Check-Act) -2t S e s AL =1 SGWH06, 3 by 12 it

LT b T Uil L S G st o L S e e mip S S e e
L..u.?:/};L..‘au/'::r‘gKJ%/»U)?A'J%LMYXVLJ'QM/Qﬁ)kh;ﬁ@ﬁrié?fl

et S b A s ansl 57 Lo

< bl L6 (Reconditioning) B2/, }W/qulédl-+t@7&15uﬁ&bﬂgk§@ A l

QoL P BEISA

_LgL“n(5?4;u{!f_ugt?e‘LL“lgnjuﬁ(Operation)%J;ijﬁ;d&!i/Jlf! _r

SHESA P S e P LSt S S Ben P (e PGS
e (e B ST BusitI ooy b Sy f
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e ST

LK (Cycle Time) Fbf e uf (SOPs) Sizg ¥ tofiml -0
e bt s sl

Az tite (o $ 8k S Bm EdUIt S s
—e bJesesl

W1l A A & e 21y g S ?i’évvguu'gﬂgmwﬁt+§@gng,,gﬁfﬁ£dg,ﬁugo/ﬁ
P e L NS o e\ Py S afin £ %r:;_’(?_,zc‘-uc'&, Ul (bt 25 Syl 557
-u:/(}ilauﬂ’{ﬂ:’{(PrOCGSS & Total Quality)$l¥”

-uzgf“;’@/;u‘a(j/)/tL’j/d?(u?Ld?d/é)'/ufdl‘uulh&:ﬂd@ug
Gl 2o S W L Ui 7S il 20 KPS SO AL E i SEW Dt F)
GRS L Ay o fThe AL (Log Book)f Sszr LA Ha s

SRS St S s S SA S Bt bss SF o B IE fre i

w"f_;'ufu%
P T ottt e N A i PG
411»5._///5' Special Tools))!J/:(Workshop ManuaI)Jr"‘ul/u;r;l/L /g’/’ -

,Jf)b£}/ Standard Repair Time- SRT)
uj%J&/Q’}ng;Lno;gj,;ﬂuﬁgxf,_q//dt&!uj/g(Genuine)@’/k‘?;;!ﬁb}//;u/ﬁ;f&/{@!/ 0
-uj“g)/(Payback)ﬁl;’uﬁ!,ﬁde@/,l
e AL QT B ey e s S8 Sirt o p LT sl ldﬁ‘qfvg/?é/l/;/&!/ B
/fyﬁlﬁdgﬁﬂ/ﬂﬁijdz}d/& /ééﬁ;;?n(ﬁﬂﬁ;})(j/uf&;/u{!ﬁ@Q/;/L,y(f/,;’uﬁcur’d/ s »

J'{;d/la
S rJJ’/wLJw“qu’fb/d/d&_u* LGSt 5L (Process Quality) (U5, <A
- e Llfellne)JUJU&LJ'UU»&U%/?1d'm’£u€'4dr,u-{
(Pl S Ao ALt i Sy s Frs- 2T A1 LSk S (Repaint) e $lfITE w9
e Pl St S IS
M&w&ﬁ;}anauéﬁgﬁ‘+D»C:gu/&':ﬁi?vé&L/Tf!f@’/mfuufvg/éjtvﬁféﬁ//(ﬁw’l e

';Lu"k‘?cﬁ’&vgc/@léuﬂk‘ rV/ﬂaélﬂ/
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e SN

288 e A pe s S I Ao it i e e Nl GG oot frerern 228 §T G
- [FS (Perfect Overhaul) Jy 3 fit 2

_Lat‘lgn{}ft%éc«l‘,ﬁ)dopmKf”u}"&{)é_'f

g EAB N mFiel 2 5o

Oil Consumption Rate in ‘tl'm%K"dwwcﬁiidyww? -

Cummins Diesel Engines “Lest 3o Lot S ST _r

SIS PNE e AL S
-tbx(Increased Blowby)

Lo 3ol Lot Sl o _r

bt FLSTA e

AN ST

_tbox¥ (Vibration) SO f1 e

S SALL Ul JAAEE A

Type Of Engine Max. (It/hr) Nominal (It/hr)

LA Tt 8 /fuwg/()mﬂ Lossl(Bearings) e Se bt/ Sttt e JEat s it JTo s
e Gy T L LN iz BT S 588 o6 ST

Ut sk QKo st IS 2 g S 2

S GRS F I S LSt A6 G L ST e AR I s
el

A e FlS e 29 &f;ﬂ&dﬁ-@&%&zuuﬁ/ﬁ VL UG AT oSl SEAS
< ﬂﬁaﬁéwf‘at%@ PR PN ATLY ﬂiwﬂ.‘a Els S

bl P A

_L bl /éi“élﬁéyb/v/f UL d L3 _r

sthie A o

-&Ll(Continuous Rating)Mf/'{mLUg{(Prime Rating),@/f!4/df!(3tandby)3@j;;:ﬁw, 4
S bl d e WhIB5% AU A e

_L@Jj‘tuﬁéw;éu"% A
RS AL Lo b7 (Antifreeze)y AG e Mo Ko 3
L JE U IS S s S e S s e Diost e
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e SO

£ LA ek gt Sy SEE U Pt E i S ia L 1 bl Uty L FI
e bn L 112

Top Overhau

Check valve guides, replace if necessary

Dismantle and clean turbo charger cooler

Renew turbo charger bearing

Inspect, service and calibrate injection pumps

Decarbonizes piston and cylinders.

Lift cylinder heads and regrind {renew) valves and/or seat inserts

Inspect crankcase interior for unusual condition, such as evidence of bearing
metal

Replace Water Pump, Auxiliary Cooling Pump and Coolant
Replace cylinder heads with service exchange units.
Clean and Test Aftercooler Assembly

Replace the HT, LT and Lube Oil Thermostats.

Replace Fuel (Gas) Filter

Replace Fuel (Gas) Regulator

Replace Fan and Alternator Belts

=

e b e b K g U Al sz et 2o s AU ostelL U6 U b s 5
e tw&

Maior Overhaui

= |n major overhauls, the engine is dismantled so as to allow all running parts to be cleaned,
inspected for defect; and measured for wear.

= Schedule of wear and renewal limits are given in manufacture's workshop manuals.

= Where actual value exceeds the maximum advisable clearances stated, one or more
components affecting the clearance should be replaced.

= Cooling spaces are checked for fouling and flushed-out to remove harmful deposits.
= Joints, seals and connections are renewed if they have been disturbed.
= All engine instruments are calibrated

e Uk A S L A et
SRS S A 50

J;:a,%t&w’x -

Seda by v

_/ula']’ccgﬂu}'gj{lécidﬁ/ &)};U: Curve 1)_4?/1}{’ -
_/ub']'L';LiJL/Lu”JL/»’c. &6 (Curve 2 s sl

¢
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e VNN

- Jn;',?/,wﬁuj =2 Sz JJ’-UZ i :«lg’]"d: Jl,/»lLl; a_bé ey :calg’/:"cc Jg/u'é’féc,j.t‘/? ) 5’)

-‘L(}}’UKJJb@‘/:!‘uj/&w&]&LLd?u“fi(gm‘/.ca@ﬁéc)f’jv{/.gb/.?{’LL/':’«&ﬁ/.J&/M’ -

uﬁ’ttggdt.»“«uug”[uwgéu?%:“;w/@ K (Wear & Tear) Llbj.'ugjuj/y,«f’dla’/i.,«réZ_n;c:’u.dpul -r
-L“wuf

Genset1 (overhaul in time )
--------- Genset2 (overhaul delayed)

Cost +

e b KA s B L U (Genuine) oA A

Genset1 (genuine parts )
--------- Genset2 (non-genuine parts)

Cost

SPEL B (Poka Yoke) |z ™1 s e pile b U2 st 2558 A K iblosli J sl St
e Ve b 3L 8 i S S b P bt s i OF

0 111-222-ESL (375) © +92308 2572 ESL (375) @www.eslpk.com @ customercare@eslpk.com




B I o [

1S4z E7 Lk 2 (Starting Torque)tn 16

i 2 I Pt VTP GU On STuT 2 g JE S S Ut Pttt fe H e i Tl oI 6 6 2 (]

/.:gu'1d?§@_¢:“¢n..ﬁﬁ;u‘fé&£&‘¢Jgu&.@)ﬁgj&iéé@;@)_ugéf’ma./ﬁn‘a&@Jﬁn}ﬁ;n

U5 2N G s 2 TG 2 F 39Tt B i 21, B K S 2t LA S s L8

= (F

e K AU FEL 330

ey i o 3(6 times)tg o i WSL ey B S I Sesi (DO AISTeEss %
2 B E T (15%) a0 i P S e Fub e

CODE G MOTOR

STARTING RUNNING
LOAD. LOAD AFTER

REACHING 75%
OF RATED SPEED.

Endol Bl ie k G Gkt 5,,&4;@2/&,2.,?&@14/,& (Utlity) Gt
_cL-G."&;KbuK/uﬁ J»?L (Normal Operating Speed)é{iu@/jwtd/}’r,ﬁ?c‘-@ngw}{M
Sl 1L Jliln 5 26 d LT b el e $nfd L& JEm Y
LGP S (‘;‘"J»/J’d)‘}g/'ug
UG (NEMA) ﬁﬂgguj/gfrj}?tﬁ}mqan@%(Name Plate):k = SUTKVA BotI iy Yo
e LI SKVA) L Bl e § S 4z erd (Locked Rotor KVA) A/ 40 3Bl
Table-1

3o, A B C D E F G H

g'}kVAéu'k' 0-3.14 3.15-3.54 | 3.55-3.99 | 4.00-4.49 | 450-4.99 | 5.00-5.59 | 5.60-6.29 | 6.30-7.00

/}E’J/Q

79y 2 J K L M N P R S

[}kVAél}.' 7.10-7.99 | 8.00-8.99 | 9.00-9.99 | 10.00-11.10 | 11.20-12.49 | 12.50-13.99 | 14.00-15.99 | 16.00-17.99

A&Jjg
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B e

I éw.! ég LI (5T s gLn Ll F ¥l (50 horsepower) s Ui Ul .Q{ # L e

_ L UssK(279.5 LRKVA)
(50 hp x 5.59 LRKVA per hp = 279.5 LRKVA)

-(Power Factor Dip)ufuﬁ}gug

Gintorl $a dsesbnnt P (1 kVAID) sLUA G Il L2 (Rated Speed) by im0

S L;«?()}’ré;{’urt)‘atlggf/&}&/ I L Sl 15 L (Alternator) k’ﬂt’gi”w V2Ll E b

ol Uleabn 1l P w2 ieknUt (KVA Rating) et £ 20 W= U A1« 6t Table-1

e S PEI NS L

o i Lt el L e b i 5 . (PF=0.8) 5T, /031 L5 2 287 < (Power Factor) <*iky & ¥
36145 et 6L B2 AL e i S hrntea b Tlen L (0.5)6k o351 (0.3)of o 251
<tz A8 (Unity)

z'./l,g,uwf@ #-~_(Continuous Rated kVA)Jyu';lﬁ)ZjL/LH (0.4 Power Factor) ,*’Q);gjtk/w' ¥
e Qs ESUMIE VA K. Ul oo s o LS Ird F Ul e bl JGL

o\ AL K, ﬁ:fﬁ«.,,.?, Jw-fndzﬂgJJ‘wgupc,yu}*J e Lo e e gx 2 s ¥
e Gl Bl

s T oL 202 e B Gl i n g K e Gl T Blirein Gun
6 Sl U K15t e bl sl L (RVA) IS (LI 2 (KVA @ 0.8 pf) A8k 2 (- bl
G 26 5L 2800 FL L ne ) o i

Table-2
SR KVA SHP 7/ g
b Sl § KVARS X 0.8
U Bl U1 e g (o2 KVA osl (Rated KVA) sl %) 11| (50%) 4456 X 0.4
2 LB (Rated) 2/ 1S EUL be S £t 3125 3VA

-(Voltage Dip)ufuﬁ é»
;Lfyzb‘wlﬁ«'/?/ﬁ.ﬂ}/fgz/?/}bﬁéa(VOItage Dip )L{uﬁ @}}}‘L GC/'?/LJ) Jﬁ)j/li«'ff:ﬂf l/Z:/"f./'Z:? =AY s w
€ L>1€(Voltage Dip)e-3 @J);L:gf:}d)}"u’{;ﬁf&n&/lﬁul{u L &%_Knuﬁ (Voltage Dip ) 5”5 fs
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B I o [

£ (Voltage Dip) (Ut En(Starting KVA) B detest & Pkl GG fintS Tl Bnen %
&/ P EusiB0l, P4 (Starting KVA) 15 Bl s 30 2 i‘)»,i S bstfe et § (square) #1554

(0.7 Kilo Volts x 0.7A = 0.49 kVA) -

b i e S ety S & WAL S F el e LSS 2 L F ¥
uﬁulﬁbwé/gﬁw. v é"»uﬁwé% (Motor Starting Contactors)Jﬁ:}(jjw!/’r/;l(COntrol Relay)
51; uﬁ(Contactors)J}?’}’/m (Relays)/’,:&w{d P [L #4520 _7,5 5,,_@ J@(Exemptions)a@’"ﬁg
S Ka/é;auﬂﬁj:ml(UPS)uingféow’uwf);ﬁ; L S_EIE 2 @)w‘%&@nuﬁjl,;ﬂuv/’
—e Gk

Table-3
St Bt Sl be| Jtesentneni| et
B0 EESAKVA 0.7x0.7=0.49 (50%) Mé30&’56'“@5§” 4430

_ugégi,l?/?p{d/ (’?»(Motor Starters)../ L1/

/KﬁKJ@:@%;/‘%@&LJTuc_.?;d/(Starting Torque) Je’.ﬁwupﬂwﬁ}yu@;,@w(‘;ﬁ};,J’JJ)’r{Ang“Q
JEA e S L i1 L 2o Sloge FOAPEE e 860 B
Usive era QWKL st e 2L & Ul gt L Gkas 6 B\t n 22 sl Gp 2 VTA g &
-2 (Soft Start Solid State Starters) J4he Aty

Y ORIy
L Sttt i S I6 S Bl l 6 P ot e b SIS 2 A e e
_gnu/fuf)l.{/ﬁ,@)d)pzﬂi

Table-4
LA f 5»»4’35;30“,@_ Ee WAL AN A
_@;,é}&JjﬂézoJJwéﬂu Yd o2 § LRKVA/SKVA
Wi b bnaslic SbUtS (Torque) Lt ot b £ 2 YAy
-Jnﬂgﬁ.&;l‘/ia,;/guqlgmk/"//f;;uﬂ /Uﬁf?/t:fd/(Torque & Power) /).E/}’JB’
Sw i El s KJ";//;U}""LL 1 (Excitation System) ﬁ’/ﬂu{u K2 -uf/,};«n/
(Operational Voltage & Speed) 413! @‘u J’?/?T'(v_if/"rg Iy N ﬁ’/u’fl/fi Z (Alternator) ZA7
Ll F <3 (Excitation System)
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B e

L ny@adﬁ‘j G'[u/d/éjuubuéjzli’«l/)’)"/’/'i./'ZLJ'//LfJ;'g/ﬂo;L gd)&*ug

Generator kVA = 6 * Motor rated kVA »DOLZ Lz KVA e
Generator kVA = 2 * Motor rated kVA jy@j_/&,lLI/,kVAuéjLu

& L2560 20512 (Induction Motors)J}’rﬂtfzug;}.wﬁugu%oo;dﬁ/}*'%wﬁ? S0
L s L QUTIRVA LB T L VA L 22 i 200 2 & B IDOL S (e Bl 3 sy
Gl el Fratp 21 nd 2 1P Heih b s 38mnlibEha KVA 2l ira g 20 L 2 ikit

(UL
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Gy CErRRSERy |
J@J’@JJJV}:}Z&LLn@w/’y{ﬁﬁu@/

ABOKEL 3 &t Pty o 2P (1750 KW) bt v ol b 2 G LI EE P
B389 28l Br 496 61 S o i TOEB0 2o S22 3 (Single Step) 4 2 U [Py
e QL L St 76k 2 NNSSEE o il U B (SKVA) 2L

www.cumminspower.com
-

Nominal Compressor Rating 540 KWe

Compressor Efficiency 96%

Full Absorbed Power of Compressor 540/0.96 i.e. 562.5 KWe

Full Load kVA Requirement at Power Factor of 0.89 562.5/0.89i.e. 632

Full Load Ampere (FLA) at 400 V 632 x 1.44 i.e. 910 Amperes
Full Load kVA at Starting (LRKVA of 3 / hp)* 632 x 3i.e. 1896

Full Load Ampere (FLA) at Starting 1896 x 1.44 i.e. 2730 Amperes
Power Factor at Starting 0.45

Compressor Impact at Starting 1896 x 0.45 i.e. 853 KWe
Generator Preloaded 50% 1750 x 0.5 i.e. 875 KWe
Maximum Impact Generator can take at 50% Preload ;;gOKV\?Zz iéeé?’ —
Generator One-Step-Load-Acceptance Capability (Torque Load | 70% i.e. 1225 KWe > 853 KWe
Capacity - 70% ) Required to Start Compressor

(KVA=hp 5 (st AL 1 P A B S L L8022 e st F oo
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_(Conclusion) 777

e fd/n‘j1225kw ﬁﬂé?O (Single Step Load Acceptance) =k Jiﬁ 5)(w§d/cﬁﬁﬂ § 1750kW pAe
e (P 396 853KWss

-(nL‘ng};;véé'g/()’”’/’vé‘?ﬁﬂuﬂ'{f(ohG‘»Acz,cfi/mfr)u‘iié(Deration)g/i“/f PA¢

_Ziuﬁc//d/{:w/",}u”:_&l/TLuLJo;Jn{(Deration)ﬁﬁJd?f{’u w
et 18250 (Electronic Soft Start)e b3 £ %J+,.@ ALK ﬂ? (Starting Torque) s Yo

-2 bLU6Z2 s,/ (Variable Speed Drive )5}

z:(Cummins)/:Jnﬂ:ﬁ;&/uﬁ'g//c}bﬁ;’K/./;‘/m/}';w(Governing System)ﬁ/f/fK&c/ﬁiJfélf“é/)L
cotbe§ L Se2n 3 S mlie (50 10 70 %) 44 » tUl dle -uf JE B UIe t/US (ESLILIAISI2
UFe JEE A ufzi u{%.{/f;{ ugzug.,/v%izidw/? U o125, L (Single Step Load Acceptance)

LSS e b IL (ESL) JIAIG et ot Sl 251 L eoho(20 to 25 %) add

ESL Customer Care Open Chamber - Al cummins Gas Engines
Throftle valve Gas Mixer

\ Multiple
Spark-Plug // Turbocharger I <= Air
\ Duty Cycle valve
\\, y [/

Gas Mass Flow

Sensor
‘ Low Pressure Gas
Supply
The gas and Air is mixed upstream of the turbocharger, therefore a low pressure gas supply system can be
used.
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spd Lol ESLSIAS 3

SVl e MG\t e § A LIS 7o tSa e (Aksa, Turkey) § oS0 2 (ESL)HILAIS!
LU-c bt U §2 S8 Aksa-c /Mo Qe $2 Ut Ui S bs e diiek p1ds g d e S
~G L o S piinif ksl

-(Rental Grade Equivalence)o‘iglb'c;éfﬁ/
wie SIS P e b Ji S5 $G 2 8 S P gt e Je 2 S Josk 2 £ (AKSA) LT
.lcvr‘if”) .?//C-’uf.'u'_ugJ@o/fﬁdL’x’Ub;}Uyﬂﬁ?ﬂ;L?@.uﬁuimdf%zﬁiéi:/)iuf/Llﬁcf,?ﬂu{:d)/

ESL Generator - Par Excellence

Radiator hot air

outlet Exhaust outlet Fresh air inlet

QI

e oS QT B e bl - (Portability) = U5 P @

e Ay B be 3 ST e fomsnsird L)1 22 ~(Durability) /L, (r

/@’lj)f:?ugi@éﬁdvplc&vT/ﬂLu}?/ﬁ(Set up).?‘!&ru{;ieiﬁﬂd:éfd%_(Ease of Use) J1f" (r
_‘g/l,myét;r’!izi(Applications)c,gu/"/gui'

u’fﬁ{fﬁg cg/“dr‘”u"’?“/d/u’% gna/)/’gfj/"z/’zd“liéJW!J‘;&/‘(Ease of Maintenance)u’%&iﬁ( (r
legﬂ/c. [:C!,J’d/u;)/?ui)é%(Proprietary)d/i/?;/?/ax%ufJ/‘;/‘ZﬁAksa:_ortfdw-n C’:;;(tf'! LTl

B e AL Lt g 2Ll PRSI S 20 spiira bl

- (Building BIocks)&/}L!‘Z'
&».::’/Muﬁ uk’k’/ggzgdtg Kl L“/Jl:v"’l:’/fflzi(Cummins & Perkins))"//?»l/Aksa_(Engines) /' (!
—cIxlkfe 122 (Customer Support)
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e RS,

RSl e lerP S St & Te 34 (Deepsea)$ess ik 2L Aksa-(Controllers) i/~ (r
288~y uéw?m»ﬁz;ﬁ A AL ¥
e PR B L(EDI JurPl pBISEL Uy 2 L S 3K Dy K
-‘gén&(aw@,ﬂuvu/a (Trouble Shooting )ué)“/&/"&;,g&lﬁﬂ/d/ﬁﬂ
St el 2 U 2 & Je1558 (EFC)Us 2 U 629151 (AVR) ;}2,@ 5,, e TS sl 3 e
e A Ted
—e e U AU L IKVAR, KW, KVA L L (Per Phase) 2 e
(Paralleling) izt &t 521U - Ut (Digital Paralleling Signals) A&l 1 %
e s 1wt L Analog S2) e (bl Lobnbie mlibulnd ik 2
e AL $o1 Tk i T ol o i L1 T T 223 2
Lerrnid il Usiy Aot =N PN (VY Ar W 2 E}UP;V;’/?J//U:U’{/"’; e
PR S

%

L Y| S IS st S B SG, 64 /555350 kU & Aksa-(Radiators)izish,  (F
_c“./%lrcavgéﬂlpd;‘??//ﬂ

UL G R sz L (Steel)edule Qb SUB I S I i 2L Aksa(Skid) 4 (7
e (EJr6fee st #L (Vibration) JGul 2z 7 = 2§ (Vibration Pads) & ¢7/2 15 s (s 461 3

) Y AL e §J1(Sound Proof Canopies) /':75:’1554 S35k 7 L Aksa- (Canopy)d?iar (o
Ut e lor® S s ot -t Qe Ua T AL (51sl Ut G(Skid Mounted)
s s Ut 20 (Bolted Type Fabrication)u%“gﬁ"bgwy. Al K1 @mm) s Yo
—ur el (Welded Type Fabrication) o™ frt 5iksdbd il msd
_(Electrostatic Polyester Powder Paint) &« JsI bt 3 e
_J/"L/L/u"zdﬂiaﬁ(Thermal Insulation) =5Pe =722 (Asbestos Cladding)»gd/u’ﬁw-’“ Yo
-(Emergency Stop Push Button)u‘%ﬁ_;lf/luj"/{' w

(j/":.ﬁ:(Circuit Breaker)/f/.:/’//JL/LJ/‘%ﬁAksa-(Additional Standard Accessories):«ﬂl'[}ulf; Q

v :»E?:(Filling Pumps) ‘ﬂg ﬁg (Lube Oil Drain) ¢/ /3 J/T_.AJ < (Trickle Battery Chargers) J2/&

4/}b£;gﬁ!d/;/£¢»f&uijjﬂ(Wiring Harness)dgf}l;yj&lwééfd}‘«uacket Water Heater)
AL Gt e b I S 2 AL U oA P Lo S
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_(Salient Features)= LosULLAS) % 7 (Aksa)l]

Lol L ﬁ/jﬁu%:fﬂﬁujZ_lngzgdﬂﬂa:v@Jf’!{Jﬁ 2L Aksa- =2 oS E Uy (!
-t

=l Srlas S L (Specific Fuel Consumption) =1 s LT, %! [Jj&)’. L Aksa-J&1 61 (r
-@Ln&;(ézﬁ/ (Life Cycle Cost)

-ugLnleéayﬁbl‘lu((Single Step Load Acceptance) J/":)ZiAksa-:{u/u(Lu?lﬁ)dip{ (r

eSS NFL A 2l e FE S L Bt s §E1E Aksas oot §E (7
-c‘-afuf‘m%‘%‘};

ST AT AL sl R Enfsr L Feiine ol Aksa-ahe Enfle (o
FUNESL)NAISI e e b0 0 prbor ST od i Ge Lt b 371K (Lead Time) e
e FB it 6 SR p L

_(Value Addition) %415t (ESL) JILR1S)

Lnéﬁgm_w £, & (Parallel) Hz e JLTAL X ;zéj}?ymdsn‘&vﬁf?ﬁ 2L (Aksa)lSi (I
e Ol e

ur’..‘f’ﬁ?,:’/:/‘fdgi,ﬁ?‘a f@&/fufafqvqt{?&fd/(Bumpless Transfer) uﬁx&.}z’fh Jend 7 é)‘;‘ (r
-LL??):/";‘Z%}’L//E’;M)I& LSy ik ot L e G S s

o&f{&lﬁ@f@l&ﬁw/»ayﬂ@/(mad Management & Demand Management) &4k £ 55l 22473 (r
SIS s L eSS L A eyt g

eI F Y S P S G AL BMS) B b Lty (7

Foe 8 m# Se sl (Radiator) 216 ke re@ Sz e ST (Skid) 46162213k 2 L (Aksa) LI
L s 32 A LT Pt A s 1S53 Pl S At 052 S B o PRAY B 2T
customercare@eslpk.com s/ sl s 2 (ESL)SIAIST L SN bmrlile el bl loso Sulan 3 Lo 6

,u;'/l./',!gﬂ//? support@eslpk.com |

Pareto of DG Issues as identified by ESL Karachi Team
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Head Office Regional Office (Central) Regional Office (North)
ESL House, DP-01, Sector-21, ESL House, Plot No. 431-D, ESL House, Plot No. 82, Street No. 10,
Korangi Industrial Area, Karachi, Pakistan.  Kamaha Aashiana Road, Industrial Area 1-9/2, Islamabad, Pakistan.
Phone: +92-21-111-222-ESL (375) Off Ferozpure Road, Lahore, Pakistan. Phone: +92-51-111-222-ESL (375)
Fax: +92-21-35019496 Phone: +92-42-111-222-ESL (375) Fax: +92-51-4433177

Fax: +92-42-35923260
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