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Learning Objectives / [RAhUTTI Ife®

3. 3fich (T STReR Ueh Siigul 2. R ARTUHER STHeR dTel/sie ol
(Connecting multiple small (Switching generators based on load
generators together) demand)

3. GHIAR SISl e 3l A ¥. e, TARIST S0 hUTdh 8 ST i

g0} (Understanding mandatory (Operation of Shunt, Series, and
paralleling conditions) Compound generators)

4. f8fSieet shelel (GCU) HUTTeitaT 33T &, YR faumroft 3o YR e St

(Study of digital control systems - GCU) (Differentiating load sharing and
balancing)
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What is Parallel Operation? / GHidR SIISUII TEUTST hld?

o UPT HIGAT STAYCIVASI] 3 clgld STHvex d1dRul (Using multiple small generators instead of

one large unit)
o d SR Ul HET dls-IeTl siisct SiIdrd (All generators connect to a single main line)
o HPTUIIRIR dist AfHdl AdfRd Bl dd (Power generation can be controlled based on demand)
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Al ATdTdT (Reliability):

U STveHed faers SATeI HYUi ©iic §ig
ggd dTal. (Prevents total blackout if one
unit fails.)

il

BRI (Efficiency):

HH YRTAR Bh AT ST dleid SeH
31fOY 331t arerqoY.

(Saves fuel by running only required units
at low load.)

| E |

¢ (Maintenance);
ﬁﬁﬂﬁlﬁ iaddl DIVTTal STl

P 0T Q[H. (Allows repairs without
interrupting power.)

&1 dT dTedul (Scalability):

HfASTcTeT APTUIIER AdIF SR g
STisdr Idl. (Easy to add new generators

for future loads.)

Why Paralleling? 4 Key Advantages / JHid? SIATT 31T 3HT0T BRI
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The Infinite Bus-Bar / 3fABfA<! d9-aR Abed-l

e . M| e

Infinite Bus-Bar / §%&4 §9-dR

o §H-dR 05! Ueh HIAT
faed e
(Bus-bar acts as a
massive electrical
reservoir)

o ITd A SR
SiigedH Hisd et

SHOG IR
(Connecting a new

T —————— generator does not
Endless Reservoir / 31-d STeTIRIF change grid voltage)

Water Analogy: Massive Electrical Grid / 9TogTal ®Udb: Y<is fae[d 3is
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[l ==

Essential Conditions for Paralleling / §HiaR Strsvft=a sifAard ot

a Security Gate Checklist

'_I
- 8IC ¢ HH YddT
~ (Same Polarity)
uifgiice efia
giffegan anfor fAnfecs

ftfeegan sisul
STAY .

(Positive to positive,
negative to negative.)

=

i

32 3: FUH <fia
~ gleeot (Same Terminal
Voltage)

T ST ReRd Rleest
I9-gR=T RIS’
3979, (Incoming
voltage must equal
bus-bar voltage.)

o
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The Synchronization Process / fRAspIATagieM afssan

l l_c‘a;léﬁl S[@dul (Voltage Match)—l
qH-IRA glecsieft 3R Juit.

(Adjusting excitation to match
running bus voltage.)

L

R R AR APk —

e

=

-

L

I
'Eﬁaaﬁ [l (Frequency Matc

A1 SR I §Y-aRAT
fbadreft Joaavl. (Adjusting

prime mover speed.)

sl
]

chjl [

-

L

[
=

a1 5[@aul (Phase Match) el

& ATEH degst UebTd debt
foRaRTER AT, (Aligning
waveforms perfectly.)

J

M Gemini Notebook



Step-by-Step Commissioning / coATewT SiIgufte wfehar

r?ﬂ'&lﬁStart—l [= 2o || g | [~ Eﬁ's'Uﬂ(CUnnect)—l

(Excatatmn) (Verification)
/ l
i L-) ?1 )
; «v

rﬂﬁﬂ@ﬂlﬂm_l %ma%@ﬁ;r] r@%m zero) )| || afbedwyag (Close) |

| SRR [AEiRd MR 9-dR Y Eﬁﬁ e STy RISl
HTOTO]. Bl SIS,
(Starting the prime mover (Increasmg f|eld current to (Ensuring a “Zero’ reading (Closing the circuit breaker
~ to bring the generator to set voltage slightly higher on the voltmeter.) to connect the generator
| rated speed.) e | than bus-bar.) e [ .| i to the grid.) -

= =
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Safety & Warnings / JR&T 3H1f0T e

A\ €131 (Danger): $[adT (Polarity) 3eTc 3RTerd Hi¥oT 2T
Afdbe gid. (Reversal causes a catastrophic short circuit.)

o Ffthe debv U Bl A0 SAVER s Al (Breaker

trips, generator may burn.)

—O b O— .« ot et e R e R o

(If incoming voltage is lower, it runs as a motor, drawing
power.)

o AUUIITS! HfQ@TT-BIgel RlecHieyd a1 3ifdr 3Te.

(Moving-coil voltmeter is mandatory for verification.)




Paralleling Shunt Generators / 2i€ STAve THIAR BRI

BUS-BAR

CB / CB2

PRIME PRIME
MOVER MOVER

GENERATOR 1 GENERATOR 2

|

|5

o 9i¢ STREY FHIAR BRI
Jaid A 3.
(Most suitable for parallel
operation.)

o YUicR SSUfid g STver
3fA2R 2R (stable) B
hdId.

o Wdfeld UR fAFATT (Auto
Load Control) AT gId.

-
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Load Sharing in Shunt Generators / 2ic sivevdeltedd ¥R faupofi

V-| Characteristics

Current

~ load.)

o fAEIA: AR (Naturally Stable):
YR dIeedd @lecs] HHI
gid (Drooping characteristic).

o U] STYe¥ay ST UR eI

AR e 3 e
R TS,

o HH| @lccal 31U 3eiell STeeY
ST IR &dl. (Generator with
less voltage drop carries more
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' Engineering Manual Engineering Manual

The Series Generator Problem / RIS s era e SifRdr

o A5 STves WHiaR Sievfia fAweid: 31fR2R (unstable) 31dTd.

o e[HBIGRIG b (Cumulative Effect): U SRR ATST SR HC adl.

o T AT Bies 31 Hatgd &ld, IR df Ud YR Wd:Hs 3iedl.
® IR SR “HICR’ U B % oPIdl. (The other becomes a motor.)
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'Engineering Manual

Engineering

YELUEDR

The Equalizer Bar Solution / SddcIISR dR: U YUTdl 39

* sddcfidely diR
Egu alizer Bar)

?gh's'trnwsn's'am
hSaeX.

I I
AR
% (Magnetic Field)

THT I8 |

3

°
—. l =i
T n'ler-.ﬂ

Equallzer Bar

o AdcT (Balancing
Act): ST e IR

PRUTRT ST Tl
3fdfTh Bc

| o
1 o
1
o |
" 2




"Engineering Manual Engineering Manual |

" Paralleling Compound Generators / &MI138 S¢eyd JHIAR BRI
[T B s W 0 0

| | Eq Bar ompound Setup
! (Stable) (Unstable) || (Solution) ——

|
| Tt

1 dad =i

. b e ¢ b & J

| o HHIS STReIALA 2ic A0 AT St $ies IHHdTd. (Contains both shunt and series fields.)
| o AT BlesaT ARANHD AAe! saacTisk a1 31fAdrd 3118, (Equalizer bar is mandatory.)

§s T @lest Y912 (Similar Regulation): IR BRATHTS! Wd STvEYd @lest Y9gci2d
HHI 314,

&
e
inEu’J‘
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Engineering Manua

A LEE DR ERTE]

Load Sharing vs. Load Balancing / ¥R fa¥Toft fasg YR S

Feature (dfrsed) || Load Sharing (¥R fasmrof) Load Balancing (¥R dde)
HeheyHT SR JHT0Td famoft Id STFREaR A HR
(Concept) (Proportional to capacity) (Equal uniform distribution)
i[4S g ST eTesul IS dTedut ATfOY SIS hAT vt
(Objective) (Prevent overloading) (Optimize efficiency, reduce wear)
UIHIeH kW, kVAR, sgleest TACISH, <18 TRhdRl
(Parameters) (kW, kVAR, voltage) (Runtime hours, load %)
: 9 R | TR |
(Control) (Droop Control) (Microprocessor rotation)
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Modern Digital Control: GCU / f&fSieet S e Heldl Jfe

Conditioning
Board

|

> |Voltage, Current

Sensing |

System
Inputs

> Signal
Filtering

Sensor
Data

Control Board
Main DSP

Protection, Fault
Detection, Comms.

Sub-DSP

Voltage Control,
Precision Regulation

Driver Board

Control
Signals

PWM Signals

Power
Electronics
Interface

>

Excitation

Output

e

o MY famiTe (35T, MEA) saRuae fThad=dt (360-800 Hz) ToTTett aTuRett SiTd.

e Za]l SIUEU! 3T (Dual DSP Structure):
o H9 SITHUl (Main DSP): TR&{UT, Y MU 3101 SoUTdosUT HqEATUH.

o Hd-31TTUT (Sub-DSP): Sgleest Ad=uT 10T S fAgwH.
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Algorithmic Pre-Synchronization / fafSiea th-fSspiamasiaE

Algorithmic

>

Synchronization Process /

EACIRE R RN

ﬂﬁr 317TeT 51U 21501 (Avoiding Phase Angle Jumps): Iehiea ﬁdﬁih‘(
o hedTy Hehl-chel 20T Tl
- {3fSiee vurTet egieest oy that AtfieT e Tdd dield.

o I Hellg-HE HATITART 3elTTG (Smooth) The-34 et ST,
» Gi311a gtk (Pl Controller) fihdd=H R Tgafeiduot sgerdl.
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High-Stakes Industry Applications / 3itenfies Sugi

=)
- (=]
—|= ec ]
£
| 3e1 Hed (Data Centers) AT STETSt (Marine) |
o IR TIh IS o T{fed SIMId (Space
dlel. 3fHch SIFIkeY . constraints) i<
‘Al AR gR Bl ST
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Knowledge Check / IRTd U

shgamgam (Polarity)
301¢ I B glscl?




