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Learn | n g O bJ ECtlveS What is meant by “synchronization”, why is it

needed, and what conditions must be met for
two systems to be synchronized?

What is “dead bus closure arbitration”, why is it
needed and how does it work?

What are*{mb types of synchronization methods
and when should they be used?

How does an automatic sg@romzer work?

\og

“Ioad control” and why is it

What are the methods of Active Power Load 1N\
Control available and what are their g\@s
advantages/disadvantages?

300
How does a “Ioaé?ﬁ;anodule” work?

\@ re the methods of Reactive Power Load
ntrol available and what are their

§ e
O advantages/disadvantages?
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Learning Objectives

How does VAR control work?

What are some different types of engines
available and how do they affect load
trol?

o\

What is generator pitch and how does it
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Generator A Generator B
Load

« What is generator synchronization?

« Generator synchronization is lopsely referred to as matching generator
speed/frequency with apothensource. However, voltage levels and phase
relationships also-neéed to be considered.

— 1 —

« Why is synchroRization needed?

« Ceontrolspower surges. Avoids reverse power, overpower and mitigates
transients when bringing additional power sources online.

* Reduces electrical stress on generators and switchgear. HelpS+prevent high
currents and breaker weatr.

* Reduces mechanical stress on generators and prime movers. Helps prevent
bent drive shafts and broken couplings:

Synchroscope

* What conditions must be met fortwb systems to be synchronized?
1. The number of phases must be the same.
2. The direction ofirotation must be the same.
3. The voltage amplitudes must be closely matcheg.
4. The frequencies must be closely matched.
5. The phase angles must be closely matched.
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« Whatis “dead bus closure arbitration”?

* In a system where multiple generators @re tobe paralleled to a common bus, only one
generator can be permitted to clase first (to a dead bus). Dead Bus Closure Arbitration is
the process of selecting-whieh\generator will be allowed to connect to the dead bus. May
also be referred terds “Multiple Circuit Lockout” or “First Start Sensor”.

* Why s it needed?

» Anorder to ensure the bus is energized as fast as possible, all of the available generators
must be started simultaneously upon sensing the emergency condition andthe\first
generator at rated voltage and frequency must be the first generator connected to the bus.

» All of the generators will try to reach rated voltage and frequency<independently. And while
more than one generator may reach these levels at.the\same time, they will not necessarily
(in fact it is highly unlikely) be in sync with each ©ther) As such, if the generators are
closed to the dead bus at the same time, they would be out of phase and a fault current
would result.

* How does it work?

» The very first generator'to reach rated speed and voltage will be clogsed-te-the de-energized
bus. If more than'one reaches rated V/F at the same time, thejone with the lowest device
ID will be closed. All other generators will be held off from'clasing. Once one generator has
energized the bus, all other generators may then synchronize to the bus and close (their
paralleling breaker) when in sync.

* Note: the synchronizers must be able to communicate with each other for dead bus closure
arbitration to work. For this reason, it is recommended that all synchronizers be of the
same model.
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DSLC-2 No.16
GCB close

DSLC-2 No.17
GCB close
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GCB close
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Ty : Logical situation for dead busbar closure

T, : The unit recognizes and publishes close wish

T, : In this moment a dead busbar negotiation is theoretically made

T, : The security time after dead busbar negotiation is proceed - > The device with the
smallest Device-ID gets the allowness and switches.

Lifels®n | Schneider
aEIectrlc



Ascu ?gc‘:"\rrl%rologies“

Generator Synchronlzatlonwand Load Control

\ O %\e Genset voltage synchronizing to bus voltage
* What are the types of synchronization me de QQIe’?
* SLIP FREQUENCY - The oncomin r has a frequency slightly higher or lower
than the bus. Breaker clos 6\@& occur at the moment the measured voltage sine
waves align.

* PHASE MATC @,Qcommg generator frequency is matched to the bus. Subtle speed
changes o align the measured voltage sign waves. Breaker closure is initiated - Q
aftg{ﬂd I time to assure both frequency and phase matching.

Q(O@ Xec\\ 0
we'
? O Slip Frequency Synchronization

Ok to close

Phase angle difference between genset & bus

* When should they be used?

+ SLIP FREQUENCY - Useful when diregtio Eogmr flow needs to be controlled at the Genset voltage synchiontzing Yo bus voltage
moment of paralleling. Thiscanb y important in parallel with Utility appli ati
that have tight reverse power s The frequency setpoint change req ’?‘b
simple ramped adjus s eed and this method is generally co oother =
and more stable g to synchronize a loaded generator pla |ty The slip
frequency method is typlcally used when synchronizing to utilit (9 s (o} have maximum Bus voltage
control and stability during the transfer. X Genset voltage

+ PHASE MATCH - Generally speaking, the p sfﬂg?@nethod of synchronizing is faster.
The adjustments to speed will be proportionakto hase difference and the phase angle 180

t
will be held within the window for a longer period of time. The phase match method is Phase angle difference between bus & generator
generally used when synchronizing generators to an emergency bus, so as to get the Ok'ta dose
generators online as fast as possible. 0

C
% -
Phase Match Synchronization
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GENERATOR
* How does an automatic synchronizer work? ACTUATOR
+ Voltage from both sides of the generatar breaKer is brought into a EXCITER

PRIME
comparator. H g
MOVER

» This comparator looksg@t\the frequency, phase, and voltage

differences acr@ss.the breaker and makes appropriate corrections to

the speed.controland voltage regulator. SPEED
« Cireuit/Breaker closure is determined by either Phase Matching or Slip SENSOR

Frequency criteria. Speed

Controller
Note: Voltage matching is typically enabled for MV and/or parallehwith Speed Bias
utility applications. For LV Emergency power applications,{disabling
voltage matching can speed up the connection of.the generators and, PT SC Synchronizer
provided the voltage regulators have the same'setpeint, the error ; ) Comparator MULTIPLE
between the voltage levels should be smallfenough for the generators to VOLTAGE Gen PT ( P ) CIRCUIT
recover once paralleled. REGULATOR Voltage _ , LocKouT
Bins (MCL) SIGNAL
TO THE

Reminder: for dead hus\closure there must be a multiple circuit interlock PARALLELING* NEXT GEN
to prevent more than one generator trying to close to the dead:bus at-a CIRCUIT )_ ______
time. This may be part of the synchronizer or external. BREAKER $ CB CLOSE

I SIGNAL Bus PT JJ: :

COMMON EMERGENCY BUS
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* What is meant by “Load Control”?

« This terminology is used for both system controllers (where it refers to
load add/shed control) and genset\controllers. For this discussion we
will focus on what “Loae~Coptrol’ refers to regarding genset
controllers.

* Load contret refers’to both active (or real) and reactive (or imaginary)
load control." The load can be adjusted to either a setpoint (as in
paseload or VAR/PF control) or can be tuned such that the units
online share the load (both kW and kVAR) proportionally.

* Why is Load Control Needed?

» Load control is essential to avoid overloading and stability problems
on the systems’ generator sets.

* When gensets are in parallel, they will Be running at the same
frequency and voltage (established viaithe common bus). However,
any perceived differences du€ ta.the sensing error of the genset
controllers can result in\@ne-er more controllers making small
adjustments to their'spéed and voltage bias signals.

REY, Jenasen !

* These adjustments will typically be small enough that it does not
noticeably affect the overall bus voltage or frequencybut over time irae‘}%-’ggfggkv
they can cause the load to become imbalancedbétween the units. To SUIPE oF F oxc ?
Eventually one or more units may either become overloaded or trip o OIS
offline on reverse power or reverse kVAR (loss of excitation).

Naew)
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 What are the methods of Active Power Load

Q(O@

* What are their advantage

\08\e”

C‘@ allable’>
(Speed) Droop — In this application, a in load will result in a
frequency (speed) change In ap. s Wlth two or more droop

governors, the individual * s?@ rences” will change by the same
amount to maintain g centage of load. If the same percent
of droop is se rnors load will stay balanced under all load
condltlons cy (speed) will not stay constant with load

vana

%@ nous In this application, frequency (speed) remains constant
gardless what the load is on the generator (within the capability of
the unit). Isochronous Load Sharing requires an electronic load
controller for load signal communications. Multiple generator s @n
be connected together for proportional load sharing bet o% f
unto

ec\\(\‘

generator set. Each generator set will carry a pro
the system load while maintaining constant bgc

ot B
(Speed) Droop é

’&a\‘ntages’>
controllers can make droop adjustments
independent of other there is no need for compatible
communication between the units. This allows the use of
model controllers, but the variability of the bus frequ P
considered undesirable in many appllcatlons (6

Isochronous — the constant frequency is a si |f ant advantage of this
method and it is the most common method of load control in
emergency paralleling systems. However, the ability to communicate
between controllers requires all of the controllers to be compatible
(same make and model). That can be a disadvantage, especially with
brownfield applications.

#5 pse
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* How does a “load share module” work?

* The Load Controller must monitor the paralleling‘breaker GENERATOR
status, power output of the generator, and the frequency of ACTUATOR

the bus.
. ush load If fi h lleling breaker i PRIME
Once the load controlféricanfirms the paralleling breaker is MOVER

closed it can theh,adjust speed up or down depending on the %
method of jead control.
SPEED
SENSOR

* FEan(speed) droop, as the load increases the frequency will
pe-decreased by biasing the speed down. And if the load
decreases, the frequency will be increased by biasing the
speed up.

» For Isochronous load sharing, the load controller will first Speed Bias
make any necessary adjustments to maintain the setpoint
frequency level (for ex. 60Hz). Once the 60Kz setpoint is
verified, it can then adjust speed up or down} depending on
its relative load level, until it is shaning lead proportionally with
the other gensets it sees gnline\(via hetwork interconnection). PT

Speed
Controller

= — =
SC LOAD SHARE
_) (—- Load Controller SIGNAL TO THE
NEXT GEN
(for Isochronous
Load Sharing

only)

PARALLELING R
CIRCUIT  )===—=——-—
BREAKER $ CB Closed

I Status Bus PT T

COMMON EMERGENCY BUS
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 What are the methods of Reactive Power Load ﬁﬂ @Xva%blw

* (Voltage) Droop — In this appllcatlon an ’ﬁ current will result in a voltage v
change. In applications with two eé( [tage regulators, the individual “voltage max 1
references” will change byt amount to maintain an even percentage of v
VARs. If the sam oop is set on all Voltage Regulators, VARs will nom
stay balanced @?@ ad conditions. Voltage will not stay constant with load v \
variances min

. Q\q:u nt (also known as Reactive Differential Compensation) — In this \
ca ion the cross current CT is wired into the regulator same as a droop C\{,é(\o
? ( 09 but the CT is also wired out to the other voltage regulators such that a €g
on the primary current of the local CT will subtract from the totaliz at the
other units. If the primary currents are all balanced, the b] %t to the VR’s \OYO
will be zero and the system will stabilize at rated v e§ ith load variances. O

* VAR Sharing — In this application voltage r tant regardless what the
load is on the generator (within the capabili he unit). VAR Sharing requires \Ne(

without droop

with droop

electronic voltage control for vol | communications. Multiple generator
sets can be connected toge roportional VAR sharing between each
generator set. E %a r set will carry a proportional amount oét

VARSs while maintain stant bus voltage. When provided, V,
usually integrated into the genset controller (DSLC for exan‘ﬁlql

9(09
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« What are the advantages/disadvantages of the d{S{Nﬁ\ﬂ %ods of VAR control? b @

. (Voltage) Droop — this is the S|mplest control. Since the voltage regulators can ",_@ﬁ . A ﬁ@—* L{
make droop adjustments indepe \ﬂf ach other, there is no need for any interconnection &1 é N g1 4 8 HR 3 i
between the units. This a?) use of different model voltage regulators. However, the e— - |- @ '
system voltage W|tc/ the system load changes, and this may not always be ey - AVRL Aves.... .
desirable. I I o

. Cros (Sg& thls method allows for (analog) VAR sharing at a constant (nominal) vol g\e5 _J_ i . -

é{ dless of the system load. While cross current circuits are effective, the % 1 Bus 1
t ely complicated and the wiring involved is often considered a drawb naIIy Voltage Droop e
? (09 Cross Current is incompatible with Parallel with Utility Appllcatlons ore limited in
it's use. Regulator No. 1

. Note: in cross current applications it is crucial that th er%ulators have compatible & ‘.aJ e
input |mpedances as the circuit it is essentlally re t divider and any mismatch will almost yo— 09 A
certainly result in voltage control errors. quwed that the cross current CT loop be é,L A B
grounded in one location; this may r |r t|on transformers if the CT’s are individu II — c
grounded. \L N Grounded

* VAR sharing —this is @&’&) tion that provides the benefits of cros rr@ ythout the G i | Cross-Current
complex wiring @aﬂown&de tuning is more complicated a V\P\S ust the T'—LJ 'fim/w = Loop
controllers be coampatible with each other, they must be co @% h the voltage = A
regulator. @‘ S B

00 ©
? ( Regulator No. N
Ezl 112
? OO A
6O i
NAAA
£ P e —

Cross Current
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o\

* How does VAR control work? (\ GENERATOR
* The Voltage regulator must monitor the { @gﬂd Current of the generator. EXCITER
* For (voltage) droop, the voltage r will adjust the voltage up or down depending -
on the voltage and cur (@g nerator. As current increases, voltage will be 3 Ct?,muThl;Tf,a:En
decreased. To other VR controllers
CTs (cross (for VAR Sharing
. For cross cusre e summatlon of the differential ckt between the CT’s will be zero current only) only)
currents are balanced. As a result, the voltage regulator will remain at %\e“ t
g Itage even as the system load changes. \O N X
( or VAR sharing, the VAR share module will need to know what the V., “Qe CT
? other generators in the system. Once it confirms the paralleling bre sed it can &—

then bias voltage up or down depending on its relative VAR | PT
ge up p g ? W %H VAR Controller
VOLTAGE %E—
C,O REGULATOR il

N ef e
(’Q\I Oﬁ O \% O\N PARALLELING AR For VAR sharing
c oC OROUT S CiGeea] oM
? ( O O& P‘ BREAKER T Status

COMMON EMERGENCY BUS
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« What are some different types of engines avallawg\]ow do they affect
load control?

* The generator (alternator) and gens % IIer are only part of the equation when
paralleling multiple generat @}ﬁ all the controllers are compatible and can
commumcate e ect|veI (? hanical response to the speed bias signal is

different between t engines, it will impact the effectiveness of the load

controller. h
. Recrproc Internal Combustion En%me — most emer%enc% systems use diesel £ ¢
fuel | combustion engines. This is because of their black start capabilit O%\
|t to reach rated volta e and frequency in under 10 seconds. Additiona O\
are very good at handling large blocks of load (add or shed). {K

? ( 09 Turbine Engines — turbines are more efficient (CHP) and typically of
capacity than internal combustion engines. They take consrdera%‘
reach rated speed and voltage, do not have black start cap heir own and
are slow to respond to changes in loading.

«  When trying to parallel a diesel reC|procat| qu @’Eth a gas or steam turbine,

the turbine’s mechanical response will b he diesel engine’s
response. Load sharing can become alanced during block e

loading/unloading of paralleled s a result, the dlesel can be overloaded O\N COMBUSTION
durlng a block load add or th QBF ay trip on reverse power during a bIockO ? —

load she
* Note: thls IS true g\Q)Qewhat smaller scale) when paralleling di elpq
engines even if b re reciprocating (piston driven) engines. ?

Q(Ope

Turbine
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\

Stator coil configurations for 5/6 and 2/3 winding pitches
« What is generator pitch and how does it affect Io@p@[
* All generators are wound to some fractlon rovide control over harmonics. It is : =
important, when parallellng different g@@r |n a P4W system, to make sure the pitch is
matched.
*  While some harmonlc o S|ble it is impossible to ellmlnate all harmonics. The

most common co pitch. The 2/3 pitch eliminates 3 level harmonlcsl,1 but
increases 5" le |cs Another common pitch is 5/6 which reduces 5" and 7t |evel
harmonlcs Fx ses 3 [evel harmonics. Therefore if the pitch is mismatched, instead of
reduci nics, ou end up increasing them as the neutral voltage differences at th €
arfﬂ? harmonlcs will increase waveform distortion. You will likely have to dea

@ tem'and may experience power quality issues due to waveform dlstortlon \,\(\
QY oP

Each coil spans 10 slots Each coil spans 8 slots

e( "Q Winding pitch = 10/12 = 5/6 Winding pitch = 8/12 = 2/3

Generator Pitch

Full pitch coil
Resultant Waveform Resultant Waveform
Fundamental Harmonic v
% Fundamental Harmonic
Third Harmonic Third H i
Fifth Harmonic . \!
Fifth Harmonic

Seventh Harmonic
Seventh Harmonic

Main rotor Main stator
(4 pole) (48 slots)
Generator full Pitch w/ harmonics Generator 2/3 Pitch w/ harmonics
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For further information

« PDH Certificates

« All attendees will receiveanvemail an hour
after the webinar-with)instructions regarding
the link to downtead your PDH certificate.

¢« ' Speaker’s contact
Feel free to reach out to the speaker by
email should you have any questiens

Anthony.Landi@ascepower.com
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