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SECTION 1

Recommended Metering and Test Instruments

To successfully carry out the various test procedures suggested in this manual, certain lest instrumenis are -
egsentiai. The ioliowing lists detail the basic requirements in this respect.

" -1 'shotdd be noted that in addition to these instruments a comprehensive kit of tools is also essential. For !auft _
rndang purposes this need not include any specialised tools. T

(TEM 1 - THE MULT{ METER

The multimeteris a ocmprehenswe test instrument for measunng voltage. currem and resistance. It shou!d be
capable of measuring the following ranges:- _

Voltage AC 0-250-500-1000
VoltageDC 0-25-100-250
AmperesDC 0-10
Onms D C Reststance  0-10K ohm or 0-2k ohim

. 0-100k ohm or 0-20k ohm

¢ Y Megohm.er-ZOOkghm‘

" [TEM 2- TACHOMETER

This Instrument is for measunng the shaft speed of the altemator and should be capab{e of measurmg speeds
'betweenOandSOOOrevs perminute.. . Aol

” A aitenative o the tachometer ks the Irequency meler (see Section 2 on Frequencyand Speed for details)
s l-lowsverme altematormustbegenemﬁngitsmnnalomputvoltage forlhlshshumentbbeaw:rate :

. ITEM 3 - MEGGER

11 i

a msinsmmem generatesavoltageofSOOormOOvolts and is Used 1o mieasuie the tesistance: value of the: -
- Insulation to earth (ground) it may be an e!ectronlc push button type or a hand cranked generator type.

TEM 4 - CLIP-ON AMMETER

Used to measure A C cument only, it consists of & nalr of calipers which are clipped around the conductor, and
- bymeansofswmtansfomeracﬂmgNeoaanaﬁmofmemperesﬂMngmmemma. Useful
" _i.mngeswhaveonmlsmetafare.- . "

'ACAmps 0-10-50-100-250—500—1000

"~ ITEM 5 - KELVIN BRIDGE - LOW RESISTANCE METER

These instruments are used to measure resistance values below 1.0 ohm. They are buiky, snd axpensive, but
are the only means of accurately measudng very low resistances such as main stator winding etc.

N There are other methods of establishing if these windings are faulty. these are Included in the various test
. .. procedures, i.e Testmethod. . | ,

B U TSR ,
T T Y o . . 2




SECTION 2

Electrical Terminology and Resistances

Voltage and Current {Amperes) ) .

An Alternator is designed 10 produce a voltage level.suitable for the equipment or load which itis Supplymg
The control circuats are designed 1o mauntam this voltage level as the load is increased of deCréased

Sudden large changes in foading wiil produce temporary changes in the voltage, and the ‘control circuit is
designed to recover to a stabilised condition as quickly as possible.

.. The current drawn from the alternator is determined by the amount of load connected to it. Current creates a
temperature rise in the windings, hence the requirement for drawing ait througti the alternator by means of the
tan. Ii the full load rated cusrent is exceeded on any phase of the main stator windings, it will result inoverheating
in this winding. Similarty, any restriction in the flow of air through the machine will result in a rapid increase in
the temperature of the windings.

- FREQUENCY (Hz) and SPEED (RPM J

. An aiternator is a constant speed device, and shoutd fiot be operated at speeds above 4% of the rated SDeed o
or more than 1% below the rated speed. - _ _

: Load changes will create temporary changes in the speed but the- engme must be capable of returnmg to the
steady state oondmon within a few seconds ) _ ,

The speed requirements for the auemator are detennmed by'— :

{a)The frequency(Hz)requ:rementofmeload oLt e o - _ ' .
(b)The numberof pole in the aitemator ie. (rotorooﬂs) Tl G

Thes can be shown more cleady ina cham-

FREQUENCY(HZ) | SPEED(HPM) R NOOFP'OLESV

(rotorooﬂs)
50 1000 L)
60 1200 6
50 3000 2
L 0. . 3600 2
rmm thls chaﬂ, a simple fou'nula ls produoed to c:alwlate 1he speed irom lhe trequency or viee versa.
4pole machlne 1cycle (HZ)::SORPM
6 pole machine 1 cycle (Hz) = 20 R.P.M.

2 pole machine 1 cycle (Hz) = GOR.PM.




KILOWATTS (kW) KILO VOLT AMPERES (kVA) and POWER FACTORS (P.F))

For an alternator to supply power for a toad of 1kW, the prime mover {engine) driving the alternator must produce
approximately 1.5 horse power. )

.. Kilowatts Is calculated by the formuta:-

© . purély resistive toading L. eafing. lighting ias & Powsr Fadtor of undty (1/1) énd containis very litie watiess

PRl

"'.' WA=!! I '! Ll - . P ' -

", Both eiuations aré uttiplied by V/3(1.732) for a3 phase mactine.

. The Power Factor (p.1.iis ameastire of wasted éurrent which & produced by afl inductive loads such as MOors,

L1000 . Lt S
KVA (kIO VGt Amperes) are caloutated by he formuiar- -

- 1000

' POWER FACTOR

ﬁansl‘ocmers {wourid components) .-

Claim el TR AR AW, e T Lt e - o l _‘: v -
The formufa for calculating the Power Factor ks:- T IS A

P.F. = Kilowatls
KVA

UNITY POWER FACTORS

An gltemator will defiver continuously the rated full load current at any power factor between ualty and 0.8,
However, the prime mover driving the afternator is greatly affected by the power factor, and itis most important
therefore, that this s taken info account when approaching the 3/4 to full load current fevels.

As most full boad ratings are quoted at0.8PF., the kW rating of the engine may be 20% lower han the KVA rating
of the altemator. A full load current at unity (1/1) Power Factor (KVA=KW) would in this case represent a 20%

. ttmust be remembered, therefore, that when the altemétior is supplying & resistiveload (healing and fighting).

the engine may be defivering its full power at a current teve! approximately 20% below the futl rated current of

e
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LAGGING POWER FACTOR

An allernalor is designed lo defiver the (ull load current al any power faclor bebween unily and 0.8 lagging,
Certain loads have a power tacltor below this tigure e.g. welding wanstormers; avlo-transiormer start molors,
and a de-rating of the full toad is necessary at tower power {3Ctors,

LEADING POWER FACTOR

A leading power factoi is produced by capacitive load - e.g. -lluoreseent lighting,. power factor correction
capacitors. The latter is supplied by the Eiectricity Board to improve the customers lagging power factor, and
the size for the capacifors are measured in KVAr (reactive). .

This type of load presents problems with mains faiture standby plants, as a purely capacrtwe load creates voltage
instability, and produces very high transient voltages spikes when switched. The degree of instability is
determined-by the kKVAr size of the capacitors to the kVA size of the alternator.

When the mains electricity supply fails, all motor load is disconnected by their individual cotactors.
Subsequently, as the alternator takes the load it will mainly consist of lighting, and possibly the power factor
correction capaciiors. The allermaior will sge a very low leading power factor and may become unstable, or
generate a high output voltage. .

tn order o prevent this situation, it is advrsable 1o ensure that the power factor comrection capacnors are switched

OFF when the altemator takes the initiaf load. ‘
- Further advice in this respect may be obfained from NEWAGE if requited.

RESSTANCES - MEASURING COMPONENT VALUES

' 'When fault finding it is necessary fo measure the resistance vaiues of compcnents and wmdmgs. and compare
_ them with known normal valtes, In order to locate the fault. The ncrmal resistances of the windings are given‘
in the winding resistance chads, in the machine handbooic :

. Resistances values atme_lﬂ_cnma can be measured accurately with-a multrmeter Between 1and 5 ohms a
: rnuitimeter hasafi I'm:ted accuracy and other methods must be adopted . -

—

The resistance value of awinding such as a brushless mann rotor will be between 0.5 and 3 ohms: A mulumeter '
.-may not give an-accurate enough reading at these levels, and if a Wheatstone Bridge Resistance Meter is not - -

avallable, an accurate measurement can be obtained by méans of a battery supply with'a muitimeter in senes»
on the 10 Amps D .C. range (most A.V.R meters have this cuTent range).

: —1 O 10 AMP DG |-
BATTERY .
SUPPLY : ,
SVOLTS ——— . | MULTIMETER
MAXIMUM . MEASURING
. D.C-VOLTS

Using 2-6. vclt baltery cells the reslstance of the wrnding can be calculated i.e.
V(volts) = (ohms)
1 (amps)

The resultant can be compared with the correct value given in the resistance charts and this rnethod can be .

used for any resistance greater than 1.0.ohm.
Belowthis vatue the current irr the circult cou!d dram the bauery anditis lherel‘cre rmprac!rca! wouse !hrs method:




THE DIODE

VERY LOW RESISTANCE VALUES (SELOW 1.0 OHM)

Main stators ('C’ range) and exciter rotors ¢can be included in this category.
These values can only be accurately measured with a Kelvin Bridge Resistance Meler.
The probes are equipped with special spikes which penetrate the surface of the contact, ensuring accurate

reading.

‘C'range main stator windings can aiso be tested by means of separately excitlng the machme (see Test Method
A). thus partly eliminating the need to carry out this type of speclatised instrument when trouble shooting.

DIODE AND THYRISTOR TESTING

A Diode has two resistance values, forward and reverse, and these canbe measured with a multimeter as shown
in the diagram below, using the lowest resistance scale on the meter.
The forward resistance Is belng measured in Hg. Avdmmepostﬂvemelseﬂeadconnectedmmefawardswe

_ oﬂhediode
e _ - Figure A~ o
— .
g Muti ‘
meter . ' e
notims - - |
- . - FigureB
Multi o '
meter - foverse
Tinotims - ¢ - |- | resistance
+@

- . NOTE; An electronic.digital Instrument will read true eleciron flow - henoemeresistanoe polarityreadmga wil
"berevuseofabove !.e.Forwa:dandrevetsereadingswﬁIbereversed o ) -

The podﬁve slde of a diode Is Indicated by an arow printed on the diode body.

In Figure 'B' the meter leads have been reversed, and the reverse resistance is being measured. =
The forward resistance varies considerably, depending on the impedance of the multimeter, and the diode type.
Typlcal resistance would be between 20 and 100 ohms.

The reverse resistance must be much higher, andlswm!lylnexoessoﬁﬁ&dm (100,000). - -
A digttat electonlcmdtﬁnetermuaﬂyhasaspectaldiodeteslscelemeasuﬂng electron ﬂowandwllllndicate

. Zero or lafinity on the readout.
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SIMPLE DIODE TEST CIRCUIT

24 or 12 volt battery
i a——

40 watt Fght
(hoadiemp bulb)

- Agood diode ud!!ﬁghtinonedlrecﬂm andmﬁghtuhent&ﬂleadsmerevemedmdodapinandbase

THE 'IHYFIISTOH

.f

SIMPLE "IEST CIRCUIT FOR THYRIST ORS

. 12wl 12 well
+ wm .
- tevolt =5 .
’ stud

o mrmocenuae

2 Switd‘t A Should be CLOSED. Swltch B should be OPEN
3. lamp !ights Immediately the thyristor is shprt circuit (faulty).
4. 1f lamp rematns dark press swilch B. Lamp should light and stay ON

S.PresssvﬁthLampshoufdgoGﬁ:,andstayOFF
. Failure tooperateasabwehdicatesafauﬂymdstor




" RESISTANCE TEST METHOD

The thyristor can be checked using a multimeter, on the highest and lowest resistance scales.

On the highest scale, check from the anode to the cathode gate pins.
There should be no deflection on the meter in either direction

On the towest scale, check from the cathode to {he gate The readmg should be lower than 500 ochms, but

- higher than 20 ohms,.in either direction.

A tautty thyristor will be short circulted across the anode and either pin, or shor circuited across the the pins.
It may also be open circulted across the pins.

INSULATION RESISTANCE TOEARTH

The resistance of the Insulation between the copper oonductors and the metal frame of the machme is rneasured
by means of a high voltage tester, or *Megger", which applies a D.C. potential of 500 or 1000 volts across the
insulation.

: "IH , / : leg. - . .|
N T
VYUY vy y . i . h ’ ) wﬂ
6000000 .
- -8 ] : SRR ' 1000,
, e
o

7, A w aarth or metal frame of inachine
a-mmmmmm
C = Coppear conductors or winding :
P-P@ﬂqdhﬁiﬂg@mﬁ‘&wwﬁm

The leakage current through the lnsulauon gives a duect readlng on the meter ln megohms. and a normal value

~ _'slmﬂdbeabovmmegohm

When conducting Iﬁghvdtagetemoearmmsadvlsebletoetmerdisoameetorshonoutanye!ectmmcdevloes.

-»ﬂ!d\asvdhageoonmumts.diodesem. snrungammmlseanbeaduevedmapleoedﬁ:sem

‘ wmn meggerlesﬁng a macmne. fauure to protect thevo_llage comrol unit and diodes oould result ln pemanent_ '

damage to one or moce of the elecimnlc components.
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SECTION 3

BRUSHLESS 'C’' RANGE ALTERNATORS

FAULT FINDING METHOD A FOR ALL 'C'RANGE MACHINES

. SEPARATELY EXCITING WITH A BATTERY

NOTE

1. Success with this method depends upon each test being completed before proceeding to the next uniess
otherwise stated.

2 Every component in the alternator is checked regardiessof the symptoms of the fault, with the excepuon of
the voltage control system which is covered in the Method B test.

At B citer
ator

S oooday

12 vén |
Batt

R # Disoonnect the exciter stator leads positme and negatwe. trom the voltage contro! unit tennmals X+ and xx- :
respectwely . . ,
NOTE

- Ensure: that the correct two leads are located by phys‘caﬂy tracnng them back to the excuter slator mndmgs
sttuated in the non drive end bracket. - . ‘

2. Check the resistance value of the exclter stator across these two Ieads (approxhateiy 2730 ohms} withe
multimeter

_"'.3.Checkthe00’voltage requifed iorthemachlne unoertest. (seeBbelow) .
4. Connect the D.C. battery suppty to the exciter Ieacls positive o X+ orofanga negative to xx-or black.

A variabie source can be applied using the c:r.cuct as shown:-

Pre set
resistor

- 80 ohms
1 amp

. <}——1 . D.C.Vohts

Multimeter




R R R R RIS ——————..SSSS

* . 5. Run (he machine up to full speed. Ensure thal the speed is correct for these tests, Of he resulls may be
misleading.

6. The foliowing chant gives the approximate D.C. batlery Voitages required to produce full voliage oulput. from
the main stator at no load.

It is essential that ALL L OAD is disconnected from tire machine, and that the speed 13 correct.

HC/SC 144 . 10-12 VOLTS O.C.

— HCSC2.C20.G30.C40 ' - 0-11 VOLTS O.C. -
HC/SC3 9-11 VOLTS O.C.
HC/SC4.C434,0534 10-12VOLTS O.C.
HC/SCS.C45C80 10-12 VOLTS O.C.
HOSCE 0634 - . .. . .4213VOLTSOC. -
HOISC7 ACE34.AC734 ' 12.13VOLTSDC -

7. i the output voltage from the maln stator is within. 10% of the nominal, oc higher than the nominal, and balanced -
across phases this indicates that the exciter stator and rotor, main rotor, main stator and rotating rectifier are all
functioning correctly. IgnoreTesta-13andpmceeddtrecﬂytol‘esth&mberu.lfmeoutputlsmoreman 10%
_ below the nominal, or unbalanced phase to phasa, this indicates that & fault exists in one of the above
' domponents,and the following tests mustbe conducted. - - -+ .. - o0 L L L L
8. VOLTAGE UNBALANCED BETWEEN PHASES
The voliages between phases, and each phase o neutral, should be balanced. On a single phase machine
the voltage between L1-L4, and L2-L4 orU-N and W-N, must be balanced., IF THE VOLTAGE IS LOWER THAN
iy EXPECTED, BUT PERFECTLY BALANCED PROCEED TO TEST NUMBER 8. #fanunbalanceofmore than2% - - -
. £ shown, this indicetes that a fault exists with the maln statorwindings. This test should be repested with all . -
/Y- . thecustomers extemnal connections removed to efiminate the possibllity of extemal shorts between the machine”
and the maln isolator.  Fisrther tests maybe made on the resistance values of the main stator windings (see . -
- MACHINE HANDBOOK) with a KELVIN BRIDGE RESISTANCE METER. o

.- The stator must be rewound if a short circult is revealed ﬁyan'untia!értced output. As the short-ircuitcurrent .~
.. "rapresents load the engine, the fault can further be identified by the engine becoming slightly loaded i.e.the . .. .

~ engine sound will change.
9, VOLTAGE BALANCED BUT READING LOW. . . * |

This Indicates that 8 fault exdists In elther the maln rotating rectifier assembly, or one of.the excitation windings
Le. the main rotor and/or the exclter stator and rotor. First check that the D.C. separate excitation is not lower
: um:ﬂwﬂgqrqgwen!nPamgraqh.G.aqdﬂmt_mspeed_lsoqr{eq._ N

10. The diodes on the main rectifier assembly can be checked with a multimeter. The flexible leads connected

to each diode should be disconnected at the terminal end, and the forward and reverse resistance -checked.

The rectifier assembly Is split into two plates, the positive and negative, dnd the main rotor is connected across

these plates. Each piates cares 3 diodes, the negative plate camying negative based diodes, and the posltive

plate canes the posttive based diodes. Care must be taken to ensure that the correct polarity diodes are fitted
- 10 each respective plate. When fitting the diodes to the plates they must be tight enough to ensure a good

mechanical and electrical coatact, but should not be over tightened. The recommended torque tighteniag Is
. - 120 15 Ibs.ins. (14 to 17Kg.cm).

_ 1_1 . BURGE SUPPRESSOR

This fs @ protection device which prevents high transients from damaging the main rectifier diodes.
Itis connected directly across the diode plates on the main rotafing rectifier assembly. =~ -

a ™
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The machine will work normally with this device remaoved.,
A faulty surge sunpressor will be either open cirguit {usually showing burn marks) or short circuit in both
directions. :

12. TESTING THE MAIM EXCITATION WINDINGS

- If after establishing and correcling any fault on the rectifier assembly, the outpu: i5 still low when separately
excited, then the main otor, exciter $tator and exciter rotor winging « remslances shoutd be checked as the fault
must be in one or more of these windings. : S

The resgistance values are given in the MAC%—I%NE HANDBOOK.
The exciler stator resistance is measured across leads X+ -and XX-, connected to the voltage control umt and

. canbe checked with a mullimeter. the exciter rotor and main rotor resistances can be checked by disconnecting
the relevant leads to the maln rectifier assembly. The exciter rotor is connected to three studs on the main
rectifier assembly, which aiso caries the diode lead terminals, and must be tested-with a KELVIN BRIDGE
METER, as the resistance is less than 1 ohm. The main rotor winding is connected across the two rectifier -
plates, and the respective leads must be disconnected before taking the readings, using the battery resistance
testmethod as described In SECTION 2

-

" 18. SENSING SUPPLY FROM MAIN STATOR

Checking the sensing supply from the main stator zs the rnal test which can be camied out-while- separately
excitfng the alternator with a battery suppty.

The previous tests should have cleared any. fault in the wmdmgs o rectlﬁer assembly and the correct output
obtalned from the maln stator with the battery. On all the machines, the sensing supply Is connecied to auxifiary
teaminals 2 anc 3, and voltage control unit tedminals 2 and 3, The voltage across these teminals should be
- between 190 and 240 voits, when the output voltage Is approximately comect. lfthe supplylsbmken the wmng' R
_ shouldbetmoed baclcmroughmemac!ﬂnetomestatortolocate the fault. -




SYMPTOM -

No voltage
7 (‘n_o‘loagi)

g L

SECTION 4

SELF EXCITED CONTROL SYSTEM

TEST METHOD B

- FAULTY. SYMPTOMS AND REMEDIES AT NO LOAD 7

POSSIBLE CAUSE

1)Voltmeter faulty or connected to wrong
slde of crrcurt breaker

2)Loose broken orcorrad ed connecuons

3)Loss of residual voltage (only occurs

after severe shock i.e. out of phase -
~-paralteling or may years storage priorio -

use). or gfter replacement of excrter

_ windings.
- 4)Feld resistor fitted in terminal boxopen.
. clrcuit.. Note.. This is -not fitted to
. maching manufactured after 1977, - -

5)Very fow insulation resistance to earth .
{ground).on exciter stator.or maln stator.

.. 6)Surge Suppressor on marn rotatmg
. -rectifiershort circult.” -

.. 7)Main Rectifier diodels short circuit,

8)Winding fault. Open circuit or short

clrcuit on any winding in the .Macmne.

"Q)Earéitér' stator polarity reversed by'

battery tests (testmethod A).

10)Faultin AV.R.

11)Load applied to machine during
run-up of engine.

12)Open circuit power supply from main

. stator to A.V.R. Terminals P1,P2,P3and

P4. Note: Machines built after 1981 will
have no lead P4 fited tothe AV.R.

TEST AND REMEDIES

Check for voltage at altemator terminals
with a multimeter.

Check all auxiliary terminals. Check the
AN.R push on tlemminals for lightness
Repair renew where necessary.

Connect a 12 volt D.C. battery supply tc
AV.R. teminals X+ and XX- (Polarity
MUST. be correct) for 2-3.seconds
BEFORE running the machrne See tes
methiod A SECTION 3.

Check resrstance value (680) ohms). |
this resistor is not in the terminal. bOx

‘ignore these instrucﬁons

Check the. insulatron resistance valu

. with a Megger (see section 2).. Ens--f

that neutral is not earthed ‘discot -
A. V R.

Disconnect surge suppressor lead fror

*_ réctifier fin (see Test Mettidd A Sectio

3

Check drodes (Sectron 3 Test M~ethod /

- Replace where neée<sary.

Canmry out tests as listed In Test Metho
A. Check winding resistance value:

' (see chart ln this sectrons)

: Re-conneot batlery to exdter stator

ensuring that polarity is correct an
re-test.

Replace the A.V.R. and re-testmgchin
Ensure terminals are connectle
correctly.

The voltage will not build up until the 1oz
is disconnected from the machin

_Open c!rcult breaker and re-test

Separately excite machlne as per’
methods A, Section 3. Check vC
across P1, P2, P3, P4 at A
-P2-P3-Pd= 19&240\/0“3 P1-P2P3Pz

- 50% of above voltage




w Voltage
zad)

.no-ioad)

fghVotiage

u’dw'e’ mm me‘ : ‘.. .

(nom)

S e

..

1)Engine speed incorrect

2)AV.R. range’ control, or external hand
trimmer control incorrectly set.

3)Voltmeter faulty or sticking.

4)Faultin AV.R.

"§)Loose . broken - or  corroded

connections.

G)Fault on power Supply from main
stator, ' '

1)Englne speed high

2)A.V.R. "RANGE' control or hand

. timmer incorrecﬂy set
~ 3)Sensing supply from stator t0. A.V.R.-
_tennlnalsZandSopendrcuitorlow

'4)Burden resistor (ﬂtted i AV.R. o
) sensing supply) open circult. -

s -w.am

" )Loose, broken - or corfoded.

connections.

1)Engine govemorunstabte {hunting).

2)Loose or oorroded cbnnecﬁons

3B)Intermittent earth (low insulation

rgs!s}ance).

4)Faulty AV.R.

_ 5)Vottmeter faultyfunstable

.

. resistance value 2150hms. e

" thyristor in AV.R (see SECT!ON 2.
resxstance tesls) C

. board and AVR téminals. Repalr or ’

" frequency meter. - Sometimes this. .
_problemmudearwhmaload !sapplled-_‘
" tomeengfne SHE :

Check speed with fachometer, Ad[usl
governor control 10 4% above npomingt e
speed at no load.

Adjust voltage on ‘RANGE' or trimmer-
Ensure that No. 1 item is comrect. (s = -
above). G ¥

Check voitage with multi-meter, acioss

machine output terminais.
Replace AV.R. and test.

Check the wiring for poor connections.
Repair or replace where necessary ’

See ltem 12, previous test under “No
voltage, No load”.

Check speed with tachometer or
frequency meter. Adjust englne

govemortfnecessary ‘ S

Adjust where necessary- Ensuré thatthe”

: speedlsmrectﬁrst.
.Separate!y exdte madﬂne as pet Test

Method A Section 3 and check sensing - -
plyvo&s(itemﬁ) . :

Afaulton mebUtdenr@istorwiHcre )
a high voltage coadition. - Normn

Replace A.V.R. and re-test. Check_ o

Check omnecﬁons on amullary terminal
replace if necessary.
Check for speed instabillty witht &

Intermittent voltage ﬂuctuaﬁons can be
created by poor connections. Check
auxitiary and AV.R teminals. - :

Megger wind:ngs (see section 2
resistance tests).

Replaoe A.Vaand re-test. Check AV.R '
ior broken components or solder jolnts.

Panel mounted voltmeter are sensin. |
vibration.
\} -
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unb'a!anced voltages Phase to Phase (3
ghase machines) or L4 o L1 and Li2

'{siiile phase machines) (no-load).

1)Fault on main stator windings

Disconnect all exlernal leads ig machine
and re-test. Check by separately
exciting (Test Method A Seciion 2). a
winding fault will get hot. Check by hand
around the stator after running.

i ~ FAULT SYMPTOMS AND REMEDIES ON LOAD.

Unbalanced voltages phase to phase (on
Toad only) -

Unstable voltage (on load)

£ onvatagocnba)

) Paraﬂel dmop current transrormers‘

1) Unbalanoed foad.

1) Single phase toads

(phase neutral) unevenly distributed over
the three phases.

1) Engine governor unstable (hrrnﬁngj'

2) Leading Power Factor load created by
malns power factor correction
equlpment.

- 3) Variation of ﬂuctualuon in load current

(motor starting etc.).

4) Thyristor contiolled load.- causing
wavefonn distortion. - (Contact Newage

tor furtherlnformaﬁon)

5) Faulty AVR.

2) Leadmg Power Factor Ioad (capacitor
banks). :

- reversed

Poor Voltage Regulation (more than

] ‘S%) {noload)

4) Burden resistor Incorrectly set across

improved regulation transformer {when
fitted).

5) Thyristor or rectifier load giving
waveform distortion.

1) Large speed droop on engine.

2) Unbalanced toad.

14

' Check currentis each phase wrth clrp—on

ammeter. NOTE. The full load rated
current must NOT be exceeded on any
one phase. Re-distribute load if
necessary.

" Check with a frequency meter for speed
" variations due to govemor *hunting'.

lsolate the power factor correction
capacitors until sulficlent motor load has
been applied to counteract the leading

' ‘pf ‘seepowerfactorSectronz)

Check the load on a stable supply ie
mains, or separately excite the machine
A variable D.C. supply is required fc

- ON-Load separate excitation tests.

Fit a three phase sertslh'Q unit (se
operation manuat for detalils)-

- Replace A:V.R. and re-test on load.

Check voltages on other phases.

<. -unbalanced, re-drstnbute Ioadrng ov:
' threephases "

Check excitation volis across X= al

- - XX~ A leading power factor will give :

abnormally fow D.C. vcllage.. Remo
power factor comrection eauipment
low loads (see power factors Section

Cheok for feversal (when fitted).
Reduce the amount of resistance acr
the improved regutation transformer u

ondoad voltage is correct.

Fit three phase seasing unil (s
operation manual for detalls).

Check that engine speed droop frof
load to full toad is no greaterman 4‘}

Check voltages ‘on all phases :
current. (f unbafanced redistributer

-+ load more evenly across the phases




' Poox response to 10ad strges.

Low voltage (on foad)

3) Parallel aroop equipment fitted.

4} Voltage droop between machine and

. load, due to voits drop on long cable run

or under rated cable diameler

5) improved reguiation eguipment

reversed (when fitted).

6} Fault on main rectifier or éxcitation
windings.

'i) Engine faultof governor fautty. -

" 2) Parallel droop resistance incorre(.ny .

set, .

’3)Loadsurgesexoeed2.4nmesmefutf
--loadwrrent S

o 4)Largevoltsd;opon cablefun bem'een ,
* machine and load - :

5)Motor. con(ractors droppmg oui due lo

voltage dip.
6)Faulty AVR,

_-. 7) Fault on windings orrotating rectifier. -

T SR ~ fauitinthis area will show an an excitation

. woltage eofoss X+ and xx-. much higher
-man fisted in Section 3.

- 1) Engine speed droop greaier fhan 4%.

2} Fault on winding or rotating dicdes.

* 3)AV.R. fautty

4) Faulton pcwersupp!y lrom main stator
OAVR.

. _.ammeter. Voltage dip may be exces
it the ovéroad exceeds 25 ﬁmes*
- load. o LA

Toa much parallel droop in c:rcﬁn will

give peor regulation. For single funning "
machines this can be improved Dy itti

il
shorting switch across the drc,T
equipment. (burden resistor). .
Check the voltage at both ends of _~. #
cable run. Large differences in voltagea
indicaté 4 targe volts ‘drop atlong the -

cable. A farger diameter cable |s
required in severe cases. :

Reverse the secondary leads on the
transtomer, and re-test the machine.

Check the no-load excitation voils across
AN.R. X+ and XX-. Compare willi the D.
¢. voltages as listed in Test Method A
Section3. If higher than listed, proceed

with Test Method A.

~Check performance .of .engine with .

tachometer or frequency meter during
load surges. -

See parallel seotlon 9. Toomuch parallel
droop will create large voltage dips with .

motorstanng etc.. -

Check foad surges ‘with a clip”

See previous sectnon on poor regulatcon

. #tem.4. This also applies to high current -
surges {motor starhng efc.). :

All syrnptoms and remedies in_ this
section may apply to this problem.

Replace and re-test on oad.
Complete Test Method A Seclion 3 .2

Check speed no foad and full toad
Engine governing is unsuitab!e!fault if
greater than 4% droop.

Complete all tests as listed in Test
Method A Section 3.

Replace and re-test.

See Htem 120nprevioustextmde. '
Voltage NoLoad‘

R‘.




SYMPTOM
~ tovoltage (na load)

SECTION 5

SEPARATELY EXCITED

{WITH PERMANENT MAGNET GENERATCR EXCITER)

- ' t 2 LRI
Tl T AR B P
]

TEST METHOD B

FAULT SYMPTOMS AND REMEDIES AT NO LOAD

POSSIBLE CAUSE

1) Faulton permanem mage net generator
stator of rotox.

TEST AND REMEDIES

Disconnect the P.M. generator lea
from A.V.R terminals P2, P3, P4. Witt
muilimeter check the output volts acro
these leads with the setrunning at corre
speed, S0Hz, 1500mm. Across P2, |
and P4 the wvoltage should t
approximately 160 volts A.C.

... For 60Hz, 1800mm. add 20% 1o t

2)Earthon pemmnt magnet stator.

3) Vo(m'ceter connected vmong sde of

ot -"clrcuitbreakerornotmrldng “u _~ -

4) Loose, broken or corroded_
- connections. :

- 5) Protection clrcuit tﬁpped oo(lapsing
.outputvoltage R

Al

. _G)S&memppwssoronmmcﬂﬂer_
.'_elnrtciroult ' S

7) Diode short circult on main totatlng

rectifier assembly.

8) Open Circuit or short circuit in main

exciter windings.

l'\- B LR R

9 Fau!ty Voitage Coatrol UnltIProtection
circuit.

12

Check. and
fiecessary.

above voltage&

" Disconnect leads P2, P'3. P4 ar

‘megger " to eartti (see Section 2).

Check for -voitage at altemator outp
terminals wlth a mulﬂmeter K

repa_lrlrene._w whet

(&) Shut down the set, and run'u.':p ag.

If the voltage buikds up nomally the

. coliapses agaln the protection unit h:
" operated. - (b) With the machine at fi
. woltage (no-load) check the. excitatic

wvoltage across AV.R X+ and XX

~gireater thari 12 voits DIC;, cany out Te

Method A. Ensure speed and-outp:

,vo!tagelsoonectform!stest

Disconnect surge suppressoc lead fro

. recﬂﬂer(seeltem?.'l‘estMeﬂnd A).
. voltage tufids up when machine is ru

feplace the suppressor.

Check diode (see Section 3 Test Metho
A} and Section 2. 'Replace wher
necessary.

Remove  extemnal leads from machin
and separately excite as per TestMetho
A, Section 3. Complete all tests
suggested In ‘A’ Method.

Change AV.R and test by Nﬂﬂ‘ﬂg th

‘ machine N




Low Vollage (no load)

High Voltage (no load}

. ..-znf,...- _.'.—_,,.j_ st
h “-s"ﬁ-,-. o s eem e R

e EEE—— |

1} Engine spend incorrect
2) AN.R 'Range’ controi control
incorrectly set.

' 3)Hand lt_nnjmer faulty (:f htted)
4) Fauitin A.V.R component.

5) Power diodes in A.V.R short circuit

1) Engine speed to high.

2) Av R Range controlor remate tnmmer ’

inoorrecﬂy set. -

3) Mam mynstor shoﬂ leCUli

4) Burden resistor open ctrouit. (When

o 5 ﬁtted)
. g“‘ 5 . ) i
- §) Sensing supply open circuit "
o SRR 6) Low sensing supply from main stator.
“_Unstable Vollage(n0104d) 1) Engine speed Tunting’ (unstable).

2) Permanent magnel stator posiuoned
!ncormd!v

3) Faultin AV.R. --

4) Loose or corroded connections
P Ho e -

5) Intermittent earth on machine

Y

‘Open A.VR and check main’ thynstor
. (seeSectimZ) ' :

" Disconnect burden resistor (fitted |

_ bandsandoomectimsforﬁgh

supplymlts (item 13)
Checkasttems
: Check wﬂh a frequency meter. 1f the

The position of the stator housing is

. theAVR. Fdiowmtestshmm
' 'emlalnmesemmproeedure

Check and adjust governar i neceéén;y

Adjust control CLOCKWISE W increasge o

voltage. f remote hand timmer fitteg
adjust in con;uncilon with trimmer. -
Id

Check resistance of trimmer (5K oh. ™ ;’

.. . acrogs auter pms)

Replace AV.R and test by running
machine.

Open AV.R box, and check the five
stud-mounted diodes (see Section 2).

Check speed and correct if necessary.
(note no load enging speed should be
approx 4% sbove nomiaal, unlass a
special 0.5% speed droop govemor Is

fitted).
Check and adjust if necessary... ...

external to maching) and check -
resistance (215).. Also check tapp

Separately excite machine (see it
Method A Section 3) and check SeMBuny”

frequency it fluctuating the- engine
gwemmustbed\ed(ed

tothe stabliity and response o

Replace and test by running the
machine.

Check push on lerminals on AVF
Check auxiliary terminals for lcos
connections. Repalr or replace <
necessary

tMegger all windlngs to earth (S(
Section 2). . A Lo




joltage Phase {0 phase (no

P}

1) Fault on main stator winding.

Disconnect external leads and check
again. Check winding resistance value.
Set Test Method A (item 8). A winding
fault wilt get hat. Check by hand around
stalor winding for "Hot Spot”.

FAULT SYMPTOMS AND REMEDIES ON LOAD.

I danced Stator Voltages (on load) -
£

4 _ .

_tstable Voltage (on load) .

. 1)-Single phase load current unevenly
distributed over the three phases.

. 1) Engine goveming unstable (hunting)

. 2) Leading power factor load created by

mains power factor correction
capacitors. -

0 .3) Pem'lanent magnet stator posmoned

Voliage Regulation (ondoad)

' -5) Faultin AVR

incomrectly.
4) Thyristor or -recifier foads causing

- wavefonn distortim

G)Huctuatlngloadwnentorcontmuuus ‘
- vaﬂaﬂonlnloaddmxd.,:_ :

1) Large engine speed droop.

--2)Exoessammuofparaneldfoop

h "‘.-'__'resls’lanoemdraﬂt(whanmad).

3) Unbalance load

 4)Fautton AV.R

5) Voltage drop between alternator and

. .load,. due to long run of cable, oOr

| . under-rated cable diameter.

.

the

.Check with clip on ammeter the current
in each phase. NOTE: The full load rated
curcent must not be exceeded on any
one phase. Re-distribute toad if
necessary. .

Check for “hunting® with a_frequency
meter

isolate the power factor -correction
equipment until sufficlent motorload has .

_bee applied to counteract the leading

power faclor. (Seg Power Factors

_ 'Sectton2)

See to!lomng infocmation in this section
foc details

‘Ht a three phase sensl'ng-unlt (see

Operation manual for detalls). Contact
Newage International for further-

lntonnatlon
a Replaoeandtatbymnningmdm

load

Oneck toad mmenton stable supply Le.

. - .separgtely excite machine ortestload on
o - rhalns supply.- a variable D.C. supply is

required for onload separate excitation
tests. (See Section 3). Stable D.C. should -

Adentify cause of lnstablluy

checkmatmespeeddmopﬁomnoload_
to full load s no greater than 4%.

- Check the burden reststor satting across .

paratiel droop transformer. NOTE: of
25%. Regutation Is requirad on a single
running machine fitted withh paraliel
droop equipment, a shorting switchmust
be fitted across the parallel droop
transformer.

Check voltage across the phase. M
unbalanced re-distribute the foad more

evenly across the phases.
" Replace unit and rétest machine.

Check the vottage on foad at both e’
of cable.. Large differences in vOite,,
indicates a large volts drOﬂ in supply

’ .cable




' Voltage collapses {on toad)

High Vaitage (On load)

Poor Response to Load Surges.

6) Fault on main rectifier or excitation
winding.

7} Permanent Magnet stator position
incorrect.

1)Engine governor sticking or slow to
~ application of load.

respongd

2)Parailel droop resistance set

incorrectly (When fitted).

3) Load current surges exceed 2.5%
times full load of the machine. '

4) Large voits drop on cable run between

e ‘afternator and Ioad during starting-

surges.

s) incorrect positlon of permanent

i magnet statcr

- 6). Motor contactOfs dropping out due ©
voltage dip on starting :

7) Faultin AVH

' 8) Fauft on'ﬁwindin'gs or rota'tin'g rectifier.

1) Protectnon circuﬂ operated due ©

_overload on excitation sy8tem

: '2} Protection clrcuit opera:ed due to fau!t .
on w:rtdings o giodes B

3) Malfunction of pm!ecﬂon clrcuit

4) Severe ovetidad orshort clrucitonlload
1)} Unbalanced load

2) L eading Power Factor Load’

.19

" Replaceafdtestonfoad .
' Test by completing the Test Memoc

" () Check that the Ioad Gurrént does ot
- exceed full rating of machine.

. Sectiond .
-'-changeavnandteston load”

. unbalanced redistribute Ioading over the

. Check excitation volts. A leading
voltage acrass X+ and XX- Disce

Check the no  ioad excitation voltage
across AV.R x+ and XX- . 1l higher thaa . -
12 volls D.C. the machine must be tested

as per Test Method A (Section 3). .

-
Check’ performance of “engine during - -

See following test for alignment of -
P.M. stator.

Check the resistance vaiue across the
droop transformer.. an excessive will
produce |arge voitage dlps on motor

"..stading etc..

Check syfges with clip on ammeter.
Check h Newage for advice on
starting characteristics.

Check the voltage drop during the

- gtarting,..at altemator and load end of .

cable.

- The position of the P.M, Stator affects the

response performance of the AV.R. See

| following text iordetaﬂs

Check as per items 1606

Sectm 3 .

{p) check speed and ensure-this is
corréct atiullload -

{c) Check otitput vcltage and ensufe at
does not exceed the rated voltage

Cacy out full tests as per Test Method A

Check load current with cfip oa arnmeter.
"The permanentmagnet will sustainahigh
short circult current if a fault exists.

Check voltage on other phases. I

three phases.

factor will give abnomally. low !

"‘--.—‘2’

‘capacifor banks (see Power Fé.
Section2) ’

LR,
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- mm-mungmePemanemMagnetAssembly. Providing fhe urmsamuorreptaoedmmnwmpm D
| However, if during the lifetime of the machine, Itis necessary, to replace of rewind any of the main components

_ 1 Fit lhe oornplete assembly and tighten all bolts ready for normal runmng

3) Burden resistor incorrectly set across  Reduce the amount of resistance across
-improved Reguiation Equipment {when theimprovedregulation transformer, untjl
fitted) on-load voltage is correct.

4) Paratie! droop transformer reversed. Check for reverse droop equipr
{when fitleq) . P1/P2 or S1/52.

..5) Thyristor or rectifier load creating Fit a three phase sensing unit (see
waveform distortion. Operation Manual for details). NOTE:
Special VCU required.

NOTE MACHINES MANUFACTURED BEFORE 1989 -
- SETTING UP PROCEDURE FOR THE PERMANENT MAGNET GENERATOR

The Permanénl Maganet Generator is ﬁtted to all machines which have Series li or Series Iif control sysiems. The
magnetic rotoe is fitted to the non-drive end of the main shatt, and mesmorls located lnasplgotonmenon-ddve
end bracket, being held in position by four washers. - .

posﬁmdmePamammuagnasmbrbsadmngmeﬁnmaeaﬁcdemdespaMaMam

--indicating this position is made on the stator housing and.non drive end bracket at approximately the twelve

o'clock position. This necessary to obtain the best pedormanoe from the voltage oontrol system, and is.an

" essential part of the setting up procedure.

Should there be the necessity to dismantie the machine, the Permanent Magnet Assembly witl have to be
removed, and for this reason the iollcmng points should be observed

the only essential requirement Is that the stator housing postiioning mark Is adjacent to the mark madé on the -
non-drive end bracket. The rotor has a dowel pin which fits into a locating hole on the maln shaft and itis
therefore not possible to get this in the wrong position If correctly fitted.

orwindings within the machine, It will be necessary to re-adjust the Permanent Magnet Stator position. Similary,
it shoufd be noted tha the reconnection of the maln stator windings (6 and 12 wire machines) from Series and
PamllelStaruDoubleDelta.owlsavelsa. musta!sobe followed by re-adjustment of the P.M. Stator as follows:-

2. Connect avoltmeteracroes the main output terminals, such that the reading can be observed while ad]'ﬁtmg

20



ﬁ

3. Run the machine to fufl speed and while lirmly holding the stator housing in position, loosen the clamp washer .
holts approximalely one turn, until shght movement is allowed. i .

WARNING:- Under no circumstances should the Permanent Magnet Stator housing be allowed 10 move out of
its spigot. even slightiy, as there is arisk that the stator wilf foul on the rotor. [f there is any doubt. two men should
be employed in loosening the bolts and holding the housing in position. -

. 4. Rotate the whola stator housing slightly Clockwise and anticlockwise while observing the output vollage. At
the LOWEST voltage level, Mark the position on the P.M: Stator housing and the end bracket.,
NOTE:- The maximum movement clockwise or ant«c!ockwtse is approx:mate!y 3(Bems)

5. Rotate the P.M. Stator housing clockwise until the machine output voltage is atils HIGHEST ‘evel, Mark this
position on end bracket.
NOTE:- The vcftage variatton wdl te approxhnateiy 5% from maximum to minimum.

6. Rotate the P.M. Stator housing ANT lCLOCKWlSE to exactly haif way between the two posmons and tighten
the clamp washers.

7. The P.M. Stator Is now posmmed correctly for ides! voltage response and regulation. The position should
bemarked permanﬂywlth apunchordllselmmeendbradm and P.M. Stator housing.- .

: _"-‘ . '_ w -_---_.“.,,'4'-’1“..-'_ BERE Lol e e
- -l LRt E D S e
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PARALLEL OPERATION 'C' RANGE A C GENERATORS

JCTION AND THEQRY

.spect ol the a ¢. generalor set operalion causes more misunderanding than the parallel operation of
nore a.C. generatons..

sreport will explain the reasons for parallefing, the method by whichitis carrled out. lhe settmg uD Drocedures R
«nd possible problems that may arise.

Parallel Operation may be necessary tor the following reasons:-

(1) Toincrease the capacity ofan existmg system- . IR
(2) Size and welght may preclude the use of one large unit.
(3) Atiows non-nteruption of the supply when servicing is required.

n ocder to parafiel a.c. generators satisfactordly, certain baslc conditions have to be met. Theseareas!qllows:—

.. (1) All systerns must have the same voltage -
(Z)Msymansmusthavemesamephase fofation - -~ -
(3) All systems must have the same frequency
“(4) Al systemmusthavethesameangularphaserelauonsrﬁp
(5) Systems must share the load with respect to their ratings.

: AWMdWﬂMme&mMMhM&M@Mm“&&&
comprising an ammeter, a watimeter and a reverse power relay. No voltmeter is specified for each system
g bewmt&pmk«edbmemﬂﬂetm'mmedmm«mdmngmndMammbr
.eadtsystem mse{&nh\atesanypowb(emeterlmdes. ) :

_Atevetsepomrrelay aluwughconmbuﬁngalargerproporﬁonofmemtrumentaﬂoncost. it essential a5 aity
~ engine stiut down, from low Ofl pressure, over temperature etc. will resuit in other systems motorlngmefailed
_ sammmequentovedoad to the remalning systems.

Onryonemummmrbmmmmmdmmmmmmmdmmmsymn

A synchroscope and/for fights, is required to detect the angular phase dtsp!acement. it lights are used three
-differenct connections are possible. For.paralisfing with the lights dim, they must be connected across fike

phases or ke fines (single phase), Le. U, V-V or L1-L1, Forpataueﬂngudﬂ\nghtsﬁﬁgmmeyslmﬂdbe
oomeetedacmssmﬂﬂcephases.!.e.u-Vew..

- lfaﬂveelarmsystemlsusedmmmemmeetedmu-w.%vmw-umelampsm fotate’ and

" give anindication which machine & running fast. Synchronism is reached with two tamps brightand onedark
. and In some respects this connection gives a closer visual indication of the polnt of synchronism. Note:the -
iampsduﬂdberatedforatleasttw!oememadﬂnewmgaornmbeneoessary&:mecttmorﬂueem_: S
series. Amore preferred method ts a resistorlamp combination. -
The fotiowing diagrams {llustrate the connections:

u O v w Soan WS u
v v ¥ Wy e v
RIByvvva )
. LAMPS BRIGHT/DAM
u — u
v 'O Fpa O & v
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Note: i the neutral is solidly linked. then onfy one sel of lamp/resistors is required because the rewrn pain n
through the neutrat link. This, of course, only applies to the tamps dim and lamps bright connection, and not on T
the three lamp conneclion. ' ;

LOAD SHARING

The mast important aspect of parallel operation is load sharing. The total 1oad, comprising a8 kW or active
component and a kVAR or reactive component, must be shared Dy the systems with respect to their normal
© - ratings. . . . o

. -The KW component is adjusted by purely mechanical means and requires refatively fine speed control of the
prime inover. Itis advisable to fit a limited range governor to avoid ‘misuse’ of the speed control,

The KVAR componentis afunction of the a.c. generator excitation. When machines are in parallel, the magnitude

. of the field excitation cannot directly Infiuence the output voltage. 1t does however, adjust the intemal power

- factor at which a particutar machine operates. For instance, an over-excited. a.c. generator will draw leading
current. If a difference in excitation exists, then circuiating currents will fiow, imited only by the internal machine
teactance. This current will appear only by the internal machlne reactance. This current will appear s a zero
p.t. leading or lagging curent depending on the machine excitation and will either subfract or add to the total
current that each machine supplies. Reactive curent, elther leading or lagging is by virtue of the 90 degree
phase displacement quite commonty described as being quadrature.

" Means st therefore be provided to sense.this reactive current and limit it to an acceptable levei Hence a
quadrature droop kit. This comprises a curent transfonner (CT) and a burden résistor. S

2. GENERAL NOTES ON SETTING' UP PROCEDURE

. Stab!e paratie.{ operation and accurate load sharing between no foad and full foad can oniy be obtalned when
the inltial wﬂ&ageseuingsanddroonkksareoo«éouysetup It is glso most Important the the governor
characteristics are slmi!ar oﬂwrwlse hcocrectk\\floadm can result when wither hcreasingorreducing

-foad.

Tomewﬂwmbadvdtagesetﬁngs.mneachmadﬂmﬂzglyatﬂwms!mbaafrequency. l.e.51.5Hzfor-
S0Hz operation or 62Hz for 60Hz operation.- mermmmtagesst\ouldnowbesettovwﬂﬂni%deadwﬂ\er '
" {nthe case of machines fitted with hand trlmmers‘ thts Is asimple operation

. {a) Machines with serles 2, 3 or 4 exciation system. ' o
" These machines have a 'RANGE" voltage adjustment on the A.VR and may a!so be rtted w:th a remoze hand
tﬁmmer Voltage adjustments’is lheretore a straight forward operation.. . c o

) Machmes with series 1 excitation system (Frames CAMC20-50). :
.~ The majosfty of these machines were fitted with a frequency sensing unit {F S U ) with voltage ad;ustment being g
achieved by e seleclion of the F.5.U. tappings. T

These are brought out to a terminal block and numbered between one and twelve, The maehine will gperate at

.- maximum volis if tapping oné and twetve are selected, and at minimum voltage when tappings two and three
- greused. itis amatter of selecting the comrect taps by test. This operation, of course, ts nommatly carried out

- ‘pdortoWoﬂs d&spawummangesmaybanemhmeﬁadmndtﬁmtvdmgesmmm R

The actual tappings that are used to give the desired voltage are notof impomanoe Forinstanoe. WO idenﬂcal A
machines may use different tappings to give simfiar voltages. &t may be necessary to make some sfight
.adjustment to the "gain’ control on the voltage control unit. This control although fitted lo adjust the stabllity and
response of the circuil, does affect the no load voltage and in’consequence enables a more accurate no load .
voltage setting 10 be obtained than with the F.5.U. tappings alone.

Extreme caution should be exercised when changing the ‘gain’ control and in any case it should only be turned
anti-clockwise on the machine generating the highest voltage. UNDER-NQ ClRCUMSTANCES should it be
tumed clockwise as Instability problems may result

QUADRATURE DROOP EQUIPMENT

.The most important aspect of initial setting up procedure concesns the droop kit. Most of the trwbles alﬁed to .
poor parallel operation originate-form the droop kits. They are elther incorrectly adjusted for the level of voltage
droop or are lnoorreclly connected such thata rising vollage characteristicis oblained lfamacthinels speclﬂed ‘g




allel operation at the time of ordering, then the droop kil supplied will have been set Up on lest. So long
minal markings and connections are followed, no problem should result.

Reversal of the transtarmer or reversal of the secondary connections to the transfonmer will rekSutl ina
4 voltage characteristic which is completlely unstable during parallel operation.

~here machines have to modilied 1o incorporate a droop kit at a later date, ensuring a drooping voilage
characteristic appears {0 be of the greatest difficully. As previously staled, the droop kil is correclly adjusted

when the terminal voltage droops 5% with zerq p 1, or reaclive current equal lathe full load currenlbeing supphed ‘
To obtain such a reactive current, loads such as unloaded motors or welders etc. are required. The majority of
set bullders do not possess any such equipment and rely on heaters and water barrels for their load. This is,
of course, a resistive 1oad and of little apparent use in checking for voltage droop.

. However if slight modifications are made to the standard droop circuit, and eﬁectwe dupllcallon of zero power

tactor reactive load can be obtained using unity power factor resistive load.

This entaﬂs replacing the burden resistor with an electrolytic capacitor in the case of 3 phase machinés. and
replacing the choke with a reisitor when using 1 phase machines.

For 3 phase machines use 50uf 50V capacitor.
For 1 phase inachines use 50 ohms 30W resistor.

. The follovéing diagrams illustrates the connections:-

When using the 3 phase test, care should be taken to ensure that the capacitor is only connected for a few
seconds at a ime and it is advisable to connect a switch across the capacrtor to enable a rapid disconnection

to be nade

3 phoce Test .
whaen roactive cument
1 Fladl' W il -

— st . ‘1¢- —P—ﬂﬂ-——ﬂ— LTI

- _ﬂ_ut (48 1]

tHearm ﬂm’_ et Slarm

Pl-or M and 61 nrm-Machlno
PZQerdszori -Load

" The correct polarity of the transformer Is observed when the terrninal voltage droops Ir the volnage rlses onthe
--application of-load, leads S2 or 1 and S1 or m should be reversed either at the CT secondary or at the

res¢storfcapamtorfchoke

‘The above test give a check on the polarity of the droop kits. To check for the correct level of droop is more

difficult, but the test capacitors and resistors should give a close enough indication of the amount of resistance
required.

For instance, & S0uf capaclitor has as impedance of about 60 chms at 50/60Hz. If the voltage droop off about
gi% with this capacitor connected in circuit, the burden resistor should also be adjusted such that 60 ohms is in
rcuit.

TESTING THE PARALLEL DROOP CIRCUIT FOR REVERSAL

1. Adjust the burden resistor to put the maximum amount of resistance across the parallel droop transtormer.” -
Make a nole of the prewous settmg pnor to this adjustment. .




2. Run the machine singly at full rated Speed, and apply as much inductive load {L.e. motors transformers etc. )
as can be oblained.

3. Make a note of the cutput voltage from the machine terminals.

4. With a shorting tink or insulated screwdriver, short circuit the resistance across the paraliel droop transformer,
. and ghserve the ou!put voltage from the machine.

5. " lhe vonage has risen slightly, this indicates that the droop circuit is functioning correctly. R

6. lf the voltage has drooped slightly, the droop transformer is reversed, and the connections of its two output
feads shoula be changed over.

'T After completion of this test, re-set the burden resistor to its original oonect settlng
If the voltage droop more than 5% then less resistance is reqmred inthe burden resistor. Conversely, & lower

droop requires more resistance. As d urther guide, the following valUes of resistance have been found to give
satistactory results.

c20 50 ohms Sc2 50 ohms SC6 60 ohms
~ C30 40 ohms SC3 50 ohms S§C7 60 chms
C4p .- -4Dohms. . ... SC4  60ohms ‘
97: ) - 30ohms .8Cs “6Qohms -

IMPROVED VOLTAGE REGULATION EQUIPMEl;H.' '

Shoutd load sharing in paraftel prove fo be difficult it may be neoessary to reduoe the improved regulaﬂon
twlstance setling or shoﬂ circuit ﬂ\e equipment completely ’

..\\men paraliefing stnﬂ!armad\lnes ﬂ\esetﬁngonmisequipmentshmﬁd heappm:dmatelyequalonallmammes

SINGLE RUNNING OFERATION OF MAG!INES WITH. PAR&U.EL DROOP

The voitage Is required to droop at least 2.5% for satisfactory toad sharing n paraliet. 1f bea:er regulation s L
'mmwmmmmmeommammmmﬁueammmummpmm : -

This switch shouid be mounted on lhe lnslrument pane! clearly marked 'PARALLﬂ HUNNING in the open' R
-: clroultposition. -

STEP BY STEP SETTING UP PROCEDURE

The points below are meant as a general guide only. If any doubts exists as to the reason for various tests,
|, ‘further reference should be made o the preceeding notes. Aﬂmacrdnesmustobmtybeconecuyvdredln
acoorﬂancewfmmeappropﬂatecmnechonandudringdlagms.

: (a)Run No 1 a.c. generabron noload atratedspeed ﬁuecka.mvdtagcandad]ustwhereneooﬁary

(b) Check phase rotanon of No. 1 generator

(c) RunNo. 2a.c. generator and proceed as items & and b

{d) With Nos. 1 and 2 generalors running on no load, switch in syachrascope or tights.

(&) Adjust speed until synchroscope rotates very slowly or fights siowly brighten and dim.
- () Check finally that voltages are equal or wilhin 1% of each other. Adjust asA required.

(g) Close breaker at synchronism; obsesve emmeters for clrculating current, in excessotS% rechecknoload
- voitage settings and droop kits for. polarity (reversaf). _ -
. . bl I
.. (h), Increase foad until full toad appears on each genefator when in paraliet Some ad;ustmem tooneengine %3
. governor may be required to ensure balanced &KW meter readings.




i,

" Machine No. 1 415 139 " "60 100 - 08 -

) Check the ammeter readings with the kW meters equal. They should be within 5% of each other.
) U the ammeter readings are outside 5%, (first check that the meters are all accurale} the machine with the
highest currentis over excited and therefore requires more droop to compensale. Increase the droop resistance,
or reduce the improved regulation resistance (when fitted).

(k) with full load on each generator reduce the external in 20% increments. Aleach Ioadmg observe kW meter
“-and ammeter readings down to 20% fullfoad.. any varialion of either insttument beyond 5% of each other requirgs
correction.

(1) Unequal kW sharing implies a faulty prime mover, most likely the governor.
(m) Unequal ammeter readlngs at the full ioad end of the range imply incorrect levels ot droop.

(n) Unequal ammeter readlngs approaching the no load condmon imply incorrect voltage seltmgs
4, WORKING PROCEDURE

The most likely procedure that occurs in practice concerns the patalleling of additional machines to aiready
foaded sets. Forinstance, if a set is supplying aload equal to 75% of its output and further load is anficipated,
mer&ddentenglneermaydecldebspmadmisloadovermals Apmoeduremewhatonmellnesofme :
foilowlng is required,

The lnoomlng set Is started and run at no load frequency. The syriciwoscope/light switch is closed connecting
the incoming machine and the busbar via the synchroscope or ights. As the incoming machine Is fast, the
- synchroscope will rotate in the tast direction or the lights will bﬁghten and’ dlm at the rate dependent of the
frequency difference. ,

: mespeeddmelncanlngmMedmdbemdwedwmmmmgwmhmmm

mnmeﬁequmGesmenemVequﬁwspeeddmﬁmdmmmsmpeammhbm
of the fights will be slow enough to enable the set contactor o be closed when the voltages are in synchronisim.

This will be at twelve o'cloclmostﬁonmmesmmroscopeorvdmﬁghts brlghtordlm dependenton which -
oonnecuan isused.

Ino:dermatmehootmﬂgmadinemayw«wkeHsshareofmeload.megovemoreonmamldbehe!dln
the speed ralse position until the desired load is indicated by the kW meter and ammeter. Conversely, if too™
muehloadlsappﬂednmnbereduoedbyhddmgmegovemoonmmmespeedlowerpostﬂm Rismost
.. dmpostant that the total load be shared in respect of their nommal ratings and the meter readings-should be :
- - somparad with the name plate data. mmymmqwmmmesoohecﬂonmmm T
modansmchoeunwhenmmmmewnﬁgmfaanywﬂdembleﬂme. -

ltlslmpoﬂanttodlfferenﬁatebetweanmbalanoedloadtngcamedsknplybytheopemtorfamngtospfeadme
maequanymmehmsets.andbydrunaﬂnQMWbmmemmetermadms -

Forexample- omstderz-mOWA genetatom in pam!lel anoolmulaﬂng curmnts supplylng 150WAO£ p.
With the load distributed equally, meter readlngs would appear as follows:
Volts AMP KW KVA .pif.
Maohlne No. 1 415 104 60 75 0.8
Machine No. 2 415 104 - 60 7% . 08 .
if the load were distributed unequally, again no clrculaﬁng currents, the following figures could gppear:
| VOLTS AMP KW KVA  pd. . o

Machine No. 2 - ‘415 " 69 - 40 ¢ SO 08

" If nowthe same unequally distributed load s being supplied. but circulaﬁng currents are present. meterreadings
somethlng on the lines of the tollowmg ooutd be observed. - _




«

VOLTS AMP KW KVA  p.L. -
Machine Mo, 1 415 185 80 133 0.6 lag. E *
Machine No. 2 415 GO 40 43 0.83 leading. '

Machines No. 1 is now supplying 133kVa at 0.6p.[ considerably in excess of its normal rating. Continued

operation under this loading would cause the overioad grotection Gircuit to tip or the main stator and the rotor

to fail. Machine No. 2 is operating so under-excited that is is operating at a leading power factor and at much
_reduced kVA.

R

This will in no way damage No. 2 generator, but in itsell impfies that No. 1 generator is very heavily over-loaded.
aleading power factor condition is particularly difficult to detect except when individual power factor melers are
fited. The normat instrumentation of ammeter volimeter and kW meter cannot indicate such a load condition,

&, DIFFICULTIES:

Some paralleling proble'ms that can occur are detailed below. Probable causes are also shown.

(2) Oscillating kW meter, ammeter and volimeter.
Cause: Engine goveming, repface by know serviceable unit.

- (b) Unbalanced ammeter readings. kW meters balanced and stable. :
.. Cause; Circulating current through lnoorrect wltage setlmgs. droop lot connections reversed or insutficient
droop . e _

{c) Unbalanced ammeter readmgs on noJoad or rapidly” nsmg currents as soon as contactor is closed
. Cause Incorrect voltage semﬂgs or droop kit connections reversed.

- {d) Untialanced kW and ammeter readmgs as load increased or decreased
Cause Dissimilar govemor speed regulation.

(e Unbalanced ammeter readings as load Increased, kw meters balanced.
Cauyse: Droop circuit setting not identical or.one droop kit reversed .

Apartfrom the above problems, certain peculiasities may exist which are in no way delnmental fo the operatlon
of the sefs. Thev may, however, confuse the operator into thinking a fauttexdsts. -~

" The most common query results from voltage osoillatlon clunng thie initial parallelmg prooedure

“Whenan addmonal setis belng connected to the busbars with the synchrosoopeﬂlghts switchin theon: posmon

. @ pointmay be reached where the Incoming.machine voltage starts to fluctuate. “This only occurs when the
frequency difference Is at its greatest. As the frequencles approach eachiother, no further {nstability fsnoticed.. . -
This Is not, however, a function of the stabliity circult within the AVR., but relstes to ‘plckup’ problems ‘assodlated
wlth the switchboard wiring.

6 NEUTRAL INTEHOONNEC’HON
TS

it should be'nioted that pal'aﬂeﬁng of 8" system- neutrals ‘can under-certaln olrcumslanoes lead 10 over l;leallng
or possible stator bum outs.

This is particulady evid‘enl‘ when, machines of dissimilar typefmanufacture are paralleled . Differences in
generated waveshape may cause large harrnonic circulating currents through the neutrals. . P
The neutrals of dissimilar machines tmust, therefore, never be connected. ‘

On the other hand, neutrals of like machines may be connected.

7 PARALLELING WITH THE MAINS

" The procedure followed In this instance Is no different from that used when paraﬂellng two a.c. generator sets.
It ts however, advisable 10 increase the droop resistance to give 10% droop as opposed to the usual 5% This
. isthe only madifi catlorl required tg ensure stable operation in oon]unctlon with the pubﬁc supply




‘SYMPTOM

1. Circuit breaker will not.-close when
attempting to parafiel machines.

~"2. Difficulty In malntalning a stable
. - IN-PHASE - condition . prior. to

- E R oMt -

SRR B

-—

' mmhparan&.’*"“

4. Voltage fluctuating in éequence with:

the synchroscope revolutions, prior to
paralleling.

breaker Is closed.

POSSIBLE CAUSE

& Ftaquency ﬂucmaﬂng

Voitage and cument rise repidly as

(a) Circuit breaker fitted with protection
trlp which prevents out of phase
para!lel‘ng

{b) Phase rotation of one machine is
different to the other.

(c} Voltage ditference between the
machines s too great (circuit breaker
f‘tted vath voltag° Ievel tﬂp)

PARALLEL OPERATION FAULT FINDING CHART

REMEDY

{a) Ensure that the synchroscop
Indicates thatmachines are IN-PHASE (
at the eleven o'clock position whe
rotating in a clockwise direction, Ensu
that the speed difference between tf
sets is small enough (o prevent rap
rotation of-the synchroscope or rap
fluctuations of the fights before closir
circuit breaker.

. (b) Check the phase rofation of ea

machine when connected individually
the bus-bar. NO ATTEMPT T

"~ PARALLEL must be made until this
_ cormrect. ﬂeveqjse two phases ifincorre

“ {c). lf-one machine Is loaded, the

(a)Govemordrlftononeorrnoreofme
englm )

(b) I.oad vaﬂation on lhe bus—bars

--‘causing speed!voltage dlpon theloaded :
mac{mes!machlne

should be more than 2.5% voltat
difference between machines. Wh
paralleling NO-LOAD, the voltaa
should be EXACTLY EQUAL.

(a) Let englnes stablllse (warm
before paralleling. tfspeed is still drditi

. dmec«govenmandengmmm

{b) Remove any rapldly varying fo:
Check that there Is no likélthood o

" motor or autbmatic load eutting in wt

temmgmmwbemanmeemms

This symptom is the resuit of line pick-up
between machines in the switchboard
circults, when a hand timmer, earth
leakage detection or parallelirg
equipment is fitted external to the

. mach!nes

Paraﬂel dmop equipment reversed on
. one of fhe machines.

paralleling is attempted. DO N«
attempt to paralflel if the above condil
axists.

.(a)lncreaseﬂleNO-LOADIFULL-LC
droop-iof the edgine i tess t

- -'speed
- 4%, checkior"sﬂclvgovemomom
: sets

The fiuctuation will cease when
machines are in synchronism, and
disappear completely when the cir
breaker is closed. 1f really bad, then
extemnal auxdfiary wiring to the altern
must be repositioned away fromthen .
cables, or screened.

Cheok the droop equipment for rew
as suggested in previous tests




T " SYMPTOU

6. Circulating current on one or both
machines at no load which is quite

<

7. Kiowaft meters giving unbalanced
readings, in paraliel ON-LOAD .

8. Ammeter giving unbalanced' or
unequal readings after adjustment has
.emarisedmumausnamg

J

.Tk.- B

-

\

" 9. Kliowatt readings \k“becoming

- unbalanced a$ load ls lncreased or

',,"'w
}lv

:mmeters readings becomlng
" inesslanced: 85 load iIs increased or

- _r;;

PR I
[FREA

ation Poor as & sngte-
B LA D S

POSSIBLE CAUSE

(a) Vollage difference (excitation level)
between the machines.

(b} Parallet droop equipment reversed on
bothmachines., e

{c) tnoorrect setting of parallel droop
equipment.

Eng!nes not sharing the power equally.

(a) Vottage dtfference (excntatron levels)
between the mactunes

(b)t. Paraflel droop equlpment incorrectly
sot -

" (¢} Improved reguialibn‘ equipment -
_ aﬁecﬁng thg load sharing. {when fitted).

Englne governors are Inoompat:ble,
T giving power- sharing variatlons at
dlfferent!evets

(a) Dlﬁefenoe In parallel dmop Ievel
setﬁngs. .

- {b) Diﬁetenoe in impfoved mgt.daﬂon

_settings. -
Thesesetﬂngsaremema}oroonmbuﬁng

“‘factors "~ 110° -the. -« lpad/voltage
- characterstics .

of ‘the -machine, . .and
therefore must be set to give equal
characteristics 10 the machines with
which It is o be paralieled. :

“Exdoss'sindunt. of paralll drpop - Kok
c{m L - . " ,_n-.-.u. . ,‘ . L

- other machine, - Adjust the img

REMEDY SRS
3“_9.

(a) Test €ach machine indivi
voltage with the circuit brea!:
They should be exactty equalf

(b) Check the droop equ.,

_ reversal as Suggested in prewc;ﬁs I

(¢) Increase or adjust amount of @
resistance in circutt

Ad]ust the speed of one engin

- equa!ise the Kllowatt sharlng

{a) Test the machines indmdual
exact voltage at NO-LOAD,

(b) Adjust as stated tn previous te!

{c) - Shori out the- tmproved regu
-equipment and test agsin. Re-ad
.this Is causing the problem.

The engme govemor springs mi .
. adjusted to glve NO-LOAD/FULL |+
. §peed characterlstics. . Checm‘:
sticking govemors on hew orrep.
engmes : .

(a &b) Load the mackiines: . ' -
with resistive foad et eppro. ¢
different load tevels, Take rwidi: /
eadtlevelaradooﬂmareﬂremW

regulation’ equipment (if” fitte
equalise the characleristics. Rep
above with as much Inductive &
" possible Le. motors, transformer
Teke voltage readings ateachlev. .
- adjust the parafle! droop eqmpm
equaltseﬂ\edmaclmisﬁos ¥ j.

‘SlngleJParaﬂeroperaﬂm Redu
droop setting too much could s
circulating current i paraliel. anc
be avoided if possible



