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SAFETY PRECAUTIONS

Before operating the generating set, read the generating set
operatiort manual and this generator manual and become familiar
with it and the equipment.

SAFE AND EFFICIENT OPERATION CAN
ONLY BE ACHIEVED IF THE EQUIPMENT IS
CORRECTLY OPERATED AND
MAINTAINED.

Many accidents occur because of failure to follow fundamental
rules and precautions.

ELECTRICAL SHOCK CAN CAUSE SEVERE
PERSONAL INJURY OR DEATH.

Chserve all WARNING/CAUTION nctices.

« Ensure installation meets all applicable safety and local
electrical codes. Have all installations perfarmed by a qualified
alectrician.

* Do not operate the generator with prolective covers, access
covers or terminal box covers removed.

+ Disable engine starting circuits before carrying out
maintenance.

« Disable closing circuits and/or place warning notices on any
circuit breakers normally used for connection to the mains or
other generators, to avoid accidental closure.

Observe all IMPORTANT, CAUTION, WARNING, and
DANGER notices, defined as:

Important! Important refers to hazard or unsafe
method or practice which can result in
- product damage or related eguipment
damage.

Caution! Caution refers to hazard or unsafe method
or practice which can result in product
damage or personal injury.

Warning refers to a hazard or unsafe
method or practice which CAN resuit in
severe personal injury or possible death.

Warning !
Danger refers to immediate hazards which
WILL resuit in severe personal injury or
death.
Danger!

Due to our poiicy of continuous improvement, details in this manual which were
carrect at time of printing, may now be due for amendment. Infcrmation included
must therefore not ba regarded as binding.




FOREWORD

The function of this book is to provide the user of the Stamford
generator with an understanding of the principles of operation,
the criteria for which the generator has been designed, and the
installation and maintenance procedures. Specific areas where
the lack of care or use of incorrect procedures could lead to
equipment damage andfor personal injury are highlighted, with
WARNING and/or CAUTION notes, and it is important that the
contents of this book are read and understood before proceeding
to fit or use the gererator.

The Service, Sales and technical staff of Newage [nternational
are always ready to assist and reference to the company for
advice is welcomed.

Incorrect installation, aperation, servicing
or replacement of parts can resultin
severe personal injury or death, and/or
equipment damage.

Sarvice personnel must be qualified to

Warning ! ] . .
9 perform electrical and mechanical service.

EC DECLARATION OF INCORPORATION

All Stamford generators are supplied with a declaration of
incorporation for the relevant EC legislation, typically in the form
of a lahel as below.

O .
EC DECLARATION OF INCORPORATION'

I ACCORDANCE WITH THE SUPELY OF MACHINERY [SAFETY) REGULATIDNS 1892
AND THE SUPPLY QF MACHINERY (SAFETY) (AMENDMENT) REGULATIONS 1994
IMPLEMENTING THE EC MACHINERY DIRECTIVE 89/332/EEC AS AMENDED BY 91/368/EEC.

THIS STAMFORD A.C. GENERATOR WAS
MANUFACTURED EY GOR ON BEHALF OF
NEWAGE INTERNATIONAL LTD
BARHACGK ROAD STAMFORD LINCCGLMNSHIRE ENGLAND.

THIS COMPONENT MACHINERY MUST MOT BE PUT INTD SERVICE UNTIL THE
MACHINERY INTG WHICH IT 1S TG BE INCORPORATED HAS BEEM DECLARED N
COMNFORMITY WITH THE PROVISIONS OF THE SUPRLY OF MACHINERY {SAFETY)
REGULATIONS 1995/MACHINERY DIRECTIVE.

FOR AND ON BEHALF OF NEWAGE INTERNATIONAL LIMITED

NAME' LAWRENCE HAYDOGK

POS{TION; TEGHNICAL DIRECTOR

SIGNATURE:
THIS COMPONENT MaCHHERT CARRIES THE CE MARK FOR COMPLAHLE WATH THE STATUTCRY
FLGUIREMENTS FOR THE IMPLEMENTATION OF FHE FOLLOWING DIRCCTIVES

Tre EMT Drrective 89/336/EEC

This Component Machuinery shail not ba used m the Residenual, Commercial and
WARNING! Lignt Industival 2Ry aonment unless & alsn conlomns ta the relevant standad

ER 50081 - 17 REFER TO FACTORY FOR DETAILS

y; The Low Voitage Drecuve 7323EEC as amended by 9¥68EEC

Under the EC Machinery Directive section 1.7.4. It is the
responsibility of the generator set builder to ensure the generator
identity is clearly displayed in the white box provided on the front
cover of this book.

ELECTROMAGNETIC COMPATIBILITY

Additional Information

Edropean Union
Council Directive 89/336/EEC

For installations within the European Union, electrical products
must meet the requirements of the above directive, and Newage
ac generators are supplied on the basis that:

« They are to be used for power-generation or related function.
« They are to be applied in one of the following environments:

Partable {open construction - temporary site supply)

Portabte (enclosed - temporary site supply)

Containerised (temporary or permanent site supply)
Ship-borne below decks (marine auxiliary power)
Commercial vehicle (road transport / refrigeration etc)

Rail transpart (auxiliary power)

Industrial vehicle (earthmoving, cranes etc)

Fixed instalfation (industrial - factory / process plant}

Fixed installation (residential, commercial and light industrial -
home / office / health) S

Energy management {Combined heat and power andior peak
topping)

Alternative energy schemes

« The standard generators are designed to meet the ‘industrial
emissions and immunity standards. Where the generator is
required to meet the residential, commerciai and light industrial
emissions and immunity standards reference should be made
to Newage document reference N4/X/011, as additionat
equipment may be required.

« The installation earthing scheme involves connection of the
generatar frame to the site protective earth conductor using a
minimum practical lead length.

» Maintenance and servicing with anything other than factory
supplied of authornised parts will invalidate any Newage liability
for EMC compliance.

= |Installation, maintenance and servicing is carried out by
adequately trained personnet fully aware of the requirements
of the relevant EC directives
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SECTION 1

INTRODUCTION

1.1 INTRODUCTION

The HC range of generators is of brushless rotating field design,
available up to 660V/530Hz or 60Hz and built to meet BS5000
Part 3 and international standards.

1500+ rpm (50Hz) or 1800 rpm (60Hz) 4 pole generators are
available from 200kW to 2000kW in four frame sizes - HC4, HCS,
HCE and HCY.

1000 rpm {50Hz).or 1200 rpm (60Hz) 6 pole generators are
available from 224KW to 1300kW in two frame sizes - HCS and
HCT.

Frame sizes HC4 and HCS may be provided with a stator fed
excitation. system using SX440 or SX421 AVR, or with the
permanent magnet generator (FMG) powered excitation system,
using the MX341 or MX321 AVR.

Frames-HCG and HC7 are fitted with the PMG system using the
MX321 AVR.

1.2 DESIGNATION

meta! work, and the second label fixed to the main frame of the
generator.

1.4 RATING PLATE AND CE MARK

The generator has been supplied with a self adhesive rating plate
label to enable fitting after final assembly and painting.

Itis intended that this label will be stuck to the outside of the non
drive end of the terminal box.

A CE Mark label is also supplied loose for fitment after final
assembly and painting. This shouid be attached to an external
surface of the Generator at a suitable location where itwill not be
obscured by the customer's wiring or other fittings.

- The surface in the area where-a:label is to be stuck must be flat,

clean, and any paint finish be fully dry before attempting to attach
label. Recommended methad for attaching tabel is peel and fold
back sufficient of the backing paper to expose some 20 mm of
label adhesive along the edge which is ta be located against the
sheet metal protrusions. Once this first section of label has been
carefully located and stuck into position the backing paper can
be progressively removed, as the label is pressed down into
position. The adhesive will achieve a permanent bond in 24 hours.

GENERATORTYPE HC

K = VOLUTED ADAFTOR
ANC UNI-DIRECTIONAL FAN

SPECIFIC TYPE

INDUSTRIAL. = (1) OR MARINE = (M}

FRAME SIZE AND CONTROL TYPE ON HC/MV

NUMBER Of POLES 4, OR 6

H|C 1(ala]afc|
H|C M|s 3|4 |C|2
H|cC 1]6[3]4]c]1
H{Cc| |[.I|6][3]|6|G]|2
H|C M|7[3]|4|6]|2]
L]

CORE LENGTH

NUMBER OF BEARINGS 1 OR 2

1.3 SERIAL NUMBER LOCATION

Each generator has its unigque serial number stamped in to the
uppar section of the drive end frame end-ring.

Inside the terminal box two adhesive rectangular labels have
been fixed, each carrying the generators unigue identity number.
One label has been fixed to the inside of the terminal box sheet




SECTION 2
PRINCIPLE OF OPERATION

2.1 SELF-EXCITED AVR CONTROLLED

GENERATORS
AUTOMATIC
VOLTAGE
REGULATOR
QUTPUT
EXCITER ] A
STATOR
STATCR r —I
ROTATING
DICDES
SHAFT
EXCITER MAIN
ROTOR ROTOR

The main stator provides power for excitation of the exciter field

governing the level of excitation provided to the exciter field.
The AVR responds to a voltage sensing signal derived from the
main stator winding. By controlling the low power of the exciter
field, controi of the high power requirement of the main field is
achteved through the rectified output of the exciter armature,

The SX440 AVR senses average voltage on two phases ensuring

close regulation. In addition it detects engine speed and provides’

voltage fall off with speed, beiow a pre-selected speed (Hz)
setting, preventing over-excitation at low engine speeds and
softening the effect of load switching to relieve the burden on
the engine.

The SX421 AVR in addition to the SX440 features has three
phase rms sensing and also provides for over voltage protection
when used in conjunction with an external circuit breaker
{switchboard mounted). .

2.2 PERMANENT MAGNET GENERATOR (PMG)
EXCITED - AVR CONTROLLED GENERATORS

AUTOMATIC ISOLATING
VOLTAGE TRANSFORMER
REGULATOR (if fitted)

QUTPUT

PMG
STATOR EXCITER
STATOR STATOR
ROTATING
DICDES
SHAFT

MG EXCITER MAIN
ROTOR ROTOR ROTOR

The permanent magnet generatar {PMG) provides power tor
excitation of the exciter field via the AVR MX341 (or MX321)
which is the controlling device governing the level of excitation
provided to the exciter field. The AVR responds to a voltage
sensing signal derived, via an isolating transformer in the case
of MX321 AVR, from the main stator winding. By controlling the
low power of the exciter field, control of the high power
requirement of the main field is achieved through the rectified
output of the exciter armature.

The PMG system provides a constant source of excitation power
irrespective of main stator loading and provides high motor
starting capability as well as immunity to wavefarm distortion on
the main stator output created.by-non lingar loads, e.g. thyristor
controlled dc motor. '

The MX341 AVR senses average voltage.on two phases
ensuring close regulation. n addition it detects engine speed
and provides an adjustable voltage fall off with speed, below a
pre-selected speed {Hz) setting, preventing over-excitation at
low engine speeds and softening the effect of load switching to
relieve the burden on the engine. It also provides over-excitation
protection which acts following a time delay, to de-excite the
generator in the event of excessive exciter field voltage.

The MX321 provides the protection and engine relief features of
the MX341 and additionally incorporates 3 phase rms sensing

via the SX440.(or.SX421)-AVR which is.the.controlling.device, . ___and over-voltage protection. - e

The detailed functian of all the AVR circuits is covered in the
load testing section (subsection 4.7).
P

2.3 AVR ACCESSORIES

The 8X440, MX341 and MX321 AVRs incorporate circuits which,
when used in conjunction with accessories, can provide for
paraliel operation either with 'droop’ or 'astatic’ control, VAR/PF
control and in the case of the MX321 AVR, short circuit current
limiting.

Function and adjustment of the accessories which can be fitted
inside the generator terminal box are covered in the accessories
section of this book.

Separate instructions are provided with other accessories
available for control panel mounting.




SECTION 3
APPLICATION OF THE GENERATOR

The generator is supplied as a component part for installation in
a generating set. It is not, therefore, practicable to fit all the
necessary warning/hazard (abels during generatar manufacture.
The additional labels required are packaged with this Manual,
together with a drawing identifying their locations. (see below).

Itis the responsibility of the generating set manufacturer to ensure
that the correct labels are fitted, and are clearly visible.

N
TERMINAL 80X LID OR
ALTERNATIVELY APPROPRIATE
VISIBLE TERMINAL BOX ACCESS

LAREL B
AL ACCESE COVERS

LABEL 'C
PMG COVER

LABEL
ADIACENRT T0 ALt COVERS

FOSITIONS FOR WARNING LABELS HC MY

LABEL ‘A

REFER TO SERVIGE MANUAL
BEFORE REMOWIRG COVFRS

ABNEHMIN DER ABDECKUNGEN NUR
GEMAESS HANDBUCH ANWEISUNG

LEGCERE IL MANUALE DI ASSISTENZA
PREMA DI RIMUOVERE | COPERCHI

COKSLLTAR MANUAL ANTES
DE RETIRAR TAPAS

VOIR MANUEL DE SERVICE AVANT
OFERLCVER LES CQUVERCLES

LAY E 5 ik Bl o€ pal,

LABEL'C

The generators have been designed for use in a maximum
ambient temperature of 40°C, and altitude less than 1000 metres
above sea level in accordance with BS5G00.

Ambients in excess of 40°C, and altitudes above 1000 metres
can be tolerated with reduced ratings - refer to the generator
nameplate for rating and ambient.

In the event that the generator is required to operate in an ambient
in excess of the nameplate value or at altitudes in excess of
1000 metres ahove sea level, refer to the factory.

The generators are of air-ventilated screen protected drip-proof
decinn and are 1o itable for mounting outdoors unless

adequately protected by the use of canapies. Anti-condensation
heaters are recommeanded during storage and for standby duty
to ensure winding insulation is maintained in good condition.

When installed in a closed canopy it must be ensured that the
ambient temperature of the cooling air to the generator does not
exceed that for which the generator has been rated.

The canopy should be designed such that the engine air intake
to the canopy is separated from the generator intake, particularly
where the radiator cooling fan is required to draw air into the
canopy. In addition the generator air intake to the canopy should
be designed such that the ingress of moisture is prohibited,
preferably by use of a two stage filter.

The air intake/outlet must be suitable for the air flow given in the
following table with additional pressure drops less than or equal
to those given below:

17 Air Flow
Frame Additional {intakasouliet)
50Hz 80z Pressure Drop
1500 RewMin 1800 Revw/Min
HC4 0.48m¥sec 0.58m¥sec &mm water gauge
1030 cfm 1240 ctm 0.25"
HCK4 0.61msec 0.73m3/sec Smm water gauge
1292 gfm 1546 cfm 0.25°
HCS 1.04m¥sec 1.31m¥sec Smm water gauge
2202 cim 2708 cfm 6.25"
HCK5 1.16m¥sec 1Amefsec &mm water gauge
2457 cim 28965 ¢im 0.25"
HCE 1.62m3/sec 1.96m/sec Bmm water gauge
3420 cfm 4156 cfm 0.25"
HGC? 1.68m3fsec 2.12m¥sec mm water gauge
3559 ¢tm 4481 ¢fm 0.25"
HCK7 3. 1m3/sec 3.72m¥sec Gmm water gauge
6550 ctm 7850 cfm 0.25°

If specified at the time of ordering, the generator itself may be
fited with air filters. These are oil charged gauze filters and require
charging during installation. :

Reduction in cooling air flow or inadequate
protection to the generator can result in
damage and/or failure of windings.

Important!

Dynamic balancing of the generator rotor assembly has been
carried out during manufacture in accordance with BS 8861 Part
1 Grade 2.5 to ensure vibration limits of the generator are in
accordance with BS 4999 Part 142.

The main vibration frequencies produced by the component

‘generator are as follows:-:

4 pole 1500 rpm 25 Hz
1800 rpm 30 Hz

6 pole 1000 rpm 16.7 Hz
1200 rom PO Hz




However, vibrations induced by the engine are complex and
contain frequencies of 1.5, 3, 5 or more times the fundamental
frequency of vibration. These induced vibrations can result in
generator vibration levels higher than those derived from the
generator itself. It is the responsibility of the generating set
designer to ensure that the alignment and stiffness of the bedplate
and mountings are such that the vibration limits of BS5000 Part
3 are not exceeded.

In standby applications where the running time is limited and
reduced life expectancy is accepted, higher levels than specified
in BS5000 can be tolerated, up to a maximum of 18mm/sec.

Two bearing generators require a substantial bedplate with
engine/generator mounting pads to ensure a good base for
accurate alignment. Close coupling of engine to generator can
increase the overall rigidity of the get. A flexible coupling, designed
to suit the specific engine/generator combination, is
recommended to minimise torsional effects.

Alignment of single bearing generators is critical and vibration
can occur due to the flexing of the flanges between the engine
and generator. A substantial bedplate with engine/generator
mounting pads is required. :

For the purposes of establishing set design the bending moment
at the engine flywheel housing to generator adaptor interface
should nat excead that given in the table below:-

"FRAME BENDING MOMENT
4/5 140 kgm. {1000ft.lbs.)
&7 275 kgm. (2000fLIbs.)

The maximum bending moment of the engine flange must be
checked with the engine manufacturer.

Torsianal vibrations occur in ail engine-driven shatt systems and
may be of a magnitude to cause damage at certain critical speeds.
It is therefore necessary to consider the torsional vibration effect
on the generator shaft and couplings.

itis the responsibility of the generator set manutacturer to ensure
compatibility, and for this purpose drawings showing the shaft
dimensions and rotor inertias are available for customers to
forward to the engine supplier. I the case of single bearing
generators coupling details are included.

Important ! Torsional incompatibility andfor excessive
vibration levels can cause damage or
failure of generator andfor engine
components.

The standard terminal box is arranged for cable entry on the
right hand side locking from the non drive end of the generator. If
specified at the time of order cable entry may be arranged on the
opposite side.

The terminal box is constructed with removable panels for easy
adaptation to suit specific glanding requirements. Within the
terminal box there are insulated terminals for line and neutral
cennections and provision for earthing. Additional earthing points
are provided on the generator feet.

No earth connections are made on the
generator and reference to site
regulations for earthing must be made.
Incorrect earthing or protection

Warning! Aarrangements can result in personal injury
or death.

The neutral is NOT connected to the frame.

Fault current curves (decrement curves), together with generator
reactance data, are available on reguest to assist the system
designer to select circuit breakers, calculate fault currents and
ensure discrimination within the laad network.

Incorrect installation, service or
replacement of parts can tesuit in severe
persanal injury or death, and/or
equipment damage. Setvice personnel
must be qualified to perform electrical and
mechanical service.

Warning !




SECTION 4
INSTALLATION - PART 1

4.1 LIFTING

tncorrect lifting or inadequate lifting
capacity can result in severe personal

. injury or equipment damage. MINIMUM
LIFTING CAPACITY REQUIRED IS AS
INDICATED ON THE LIFTING LABEL.
Generator lifting lugs should not be used

- Warning !
“ - for lifting the complete generating set.

Twao lifting lugs are provided for use with a shackle and pin type
lifting aid. Chains of suitable length and lifting capacity must be
used. Lifting points are designed to position the craneage point
as close to the centre of gravity of the generator as possible, but
due to design restrictions it is not possible to guarantee that the

~generator frame will remain horizontal while lifting. Care is -. .

therefore needed to avoid personal iniury or equipment damage.
The correct lifting arrangement is showrt on the label attached to
the'lifting lug. (See sample below}).

A\
&

IMPORTANT

REFER TO SERVICE MANUAL
BEFORE REMOVING COVERS.

IT IS THE GENERATOR SET
MANUFACTURER'S
RESPONSIBILITY TO FIT

THE SELF ADHESIVE WARNING
LABELS SUPPLIED WITH THE
GEMNERATOR. THE LABEL SHEET
CAN BE FOUND WITH THE
INSTRUCTION BOOK.

3870Kgs MAX

Single bearing generators are supplied fittad with & rotar retaining
bar at the drive end of the shaft. Single bearing generators are
also fitted with wooden wedges supperting the fan for transit
purposes.

Once the har is removed to couple the rotor to engine, the rotor
is free to move in the frame, and care is needed during coupling
and alignment to ensure the frame is kept in the horizontal plane.

4.2 ENGINE TO GENERATOR COUPLING ASSEMBLY

During the assembly of the Generator to the Engine it will be
necessary to firstly carefully align, then rotate, the combined
Generator rotor - Engine crankshaft assembly, as part of the
construction process, to allow location, insertion and tightening
of the coupling bolts. This requirement to rotate the combined
assemblies exists for both single and twa bearing units.

During the construction of single bearing units it is necessary to
align the generator's coupling holes with the engine flywheel hales:
itis suggested that two diametrically opposite location dowel pins
are fitted to the engine flywheel, over which the generator coupling
can slide into final location inta the engine flywheel spigot recess.
The dowels must be removed and replaced by coupling bolts
before the final bolt tightening sequence.

While fitting and tightening the coupling bolts it will be necessary
1o rotate the Engine crankshaft - Generator rotor assembly. Care
should be taken 1o ensure that rotation is carried out in an
approved manner that ensures safe working practice when
reaching inside the machine to insert or tighten coupling bolts,
and that no component of the assembly is damaged by non-
approved methods of assembly rotation.

Engine Manufacturers have available a proprietary tool designed
to enable manual rotation of the crankshaft assembly. This toal
must aiways be'used: having been engineered as an approved
method of assembly rotation, by engaging the manually driven
pinion with the engine flywheel starter ring-gear.

Before working inside the generator, during
the aligning and fitting of coupling bolts,
care should be taken to lock the assembly
to ensure there is no possibility of

Danger! assembly rotational movement.

4.2.1 TWOQ BEARING GENERATORS

A flexible coupling should be fitted and aligned in accordance
with the coupling manufacturer's instruction.

If a close coupling adaptor is used the alignment of machined
faces must be chacked by offering the generator up to the engine.
Shim the generator feet if necessary. Ensure adaptor guards are
fitted after generator/engine assembly is complete. Open coupled
sets require a suitable guard, to be provided by the set builder.

Axiat loading of the generator bearings should be avoided. Should
it be unavoidable contact the factory for advice. -

Incorrect guarding andfor generator
alignment can result in personal injury

Caution !

and/or equipment damage.

4.2.2 SINGLE BEARING GENERATORS
TYPES HC & HCK

Alignment of single bearing generators is critical. If necessary
shim the generator feet to ensure alignment of the machined
surfaces.

For transit and storage purposes the Qenerator frame spigot and
rotor coupling plates have been coated with a rust preventative.
This MUST BE remaved before assembly to engine.

A practical method far removal of this coating is to clean the
mating surface areas with a de- greasmg agent based on a
petroleum solvent,

Caution! Care should be taken not to allow any

cleaning agent to come into proionged

contact with skin.

The sequence of assembly to the engine should generally be as
follows:

1. On the engine check the distance from the coupling
mating face on the flywheel to the fiywheel housing



mating face. This should he within 0.5mm of nominal
dimension. This is necessary to ensure that a thrust is
not applied to the ac generator bearing or engine
bearing. :

2. Check that the bolts securing the flexibie plates to the
coupling hub are tight and locked into position. Refer to
Section 7, subsection 7.5.3.4 for tightening torques.

3. Remove covers from the drive end of the generator to
gain access to coupling and adaptor bolts. Check
coupling joint interfaces are clean and lubricant free,

4. TYPE HC GENERATCORS

Check that coupling discs are concentiric with adaptor
spigot. This can be adjusted by the use of tapered
wooden wedges between the fan and adaptor.
Alternatively the rotor canbe suspended by means of
a rope sling through the adaptor opening.

Offer the.generator to engine and engage both coupling
discs and housing spigots at same time, pushing
generator towards engine until coupling discs are against
fiywheet face, and housing spigots located. -

-~ - T¥YPE HCK GENERATORS - R

Screw the two supplied location studs into diametrically
opposite engine flywheel tapped holes, about the horizontal
centre line. Offer the generator to engine, locating

rotor coupling discs over the location studs, pushing
generator towards engine until housing spigots locate and
coupling discs are against flywheel face.

5. Fit housing and coupling bolts taking care to use heavy\
gauge washers between coupling bolt head and
coupling disc. Tighten boits evenly around assembly
sufficiently to ensure correct alignment.

TYPE HCK GENERATORS

Remave location studs and replace with coupling-
fiywhee! bolis,

6. Tighten housing bolts.

7. Tighten coupling disc to flywheel bolts. Refer to engine
manufacturers manual for correct tightening torque.

8, TYPE HC GENERATQRS

Remove rotor aligning aids, either wooden wedges, or
the two M10 set screws and sheet metal wear plates.

Caution! Incorrect guarding and/or generator
alignment can result in personal injury
and/or equipment damage.

4.3 EARTHING

The generator frame should be solidly bonded to the generating
set bedplate. If antivibration mounts are fitted between the
generator frame and its bedplale a suitably rated earth conductor
{normally one half of the cross sectional area of the main line
cables) should bridge across the antivibration mount.

Refer to local requlations to ensure that
the correct earthing procedure has been
followed.

Warning !

4.4 PRE-RUNNING CHECKS
4.4.1 INSULATION CHECK

Before starting the generating set, both after completing assembly

and after installation of the set, test the insulation resistance of
windings. ' '

The AVR should be disconnected during this test.

A 500V Megger or similar instrument should be used. Disconnect
any earthing conductor connected between neutral and earth
and megger an output lead terminal U, V or W to earth, The
insulation resistance reading should be in excess of 5MQ to earth.
Should the insulation resistance be less than 5MQ the winding
must be dried out as detailed in the Service and Maintenance
section of this Manuali.

important .} The windings have been H.V. tested during
manufacture and further H.V. testing may
tlegrade the insulation with consequent
reduction in operating life. Should it be
necessary to demonstrate H.V. testing, for
customer acceptance, the tests must be
carried out at reduced valtage levels i.e.
Test Voltage= 0.8 {2 X Rated Voltage +
1000) '

4.4.2 DIRECTION OF ROTATION
4.4.2.1 FAN TYPES.

TYPE HC 4 & 5 GENERATCRS.

These machines are fitted with a radial bladed fan, operating
within a conventional fuli size drive end bracket fan housing.
TYPE HC 6 & 7 GENERATORS.

These machines are fitted with an inclined bladed fan , operating
within a conventional full size drive end bracket fan housing.
TYPE HCK 4, 5, & 7 GENERATORS.

These machines are fitted with a inclined bladed fan, operating
within a voluted drive end bracket designed to optimise the fans
performance.

4.4.2.2 DIRECTION OF ROTATION

TYPE HC GENERATORS.

These machines can be operated ineither direction of rotation.
TYPE HCK GENERATORS.

These machines have been designed with an improved cooling
fan system, incorporating the voluted fan housing. Therefore these
machines are suitable only for clockwise rotation, as viewed from
the drive end.

Phase Rotation

The generator is supplied to give.a phase sequence of UV W
with the generator running clockwise locking at the drive end
{unless otherwise specified at the time of ordering). i the
generator phase rotation has to be reversed after the generator
has been despatched apply to factory for appropriate wiring
diagrams.

4.4.3 VOLTAGE AND FREQUENCY

Check that the voltage and frequency levels required for the
generating set application are as indicated on the generator
nameplate.

HC4/5 generators normally have a 12 ends out reconnectable
winding. If it is necessary to reconnect the stator for the voltage
required, refer to diagrams in the back of this manual.

4.4.4 AVR SETTINGS

To make AVR selections and adjustmenis remave the AVR cover
and referto 4.4.4.1, 4.4.4.2, 4.4.4.3 or 4.4.4.4 depending upon
type of AVR fitted. Reference to the generator nameplate will
indicate AVR type (SX440, $X421, MX341-6r MX321).

Most of the AVR adjustments are factory set in positions which
will give satisfactory performance during initial running tests.
Subseguem adjustment may be required to achieve optimum
performance of the set under operating conditions. Refer to 'Load
Testing' section for details.




4.4.4.1 TYPE SX440 AVR : K1-K2 Linked for

normal operation.

The following ‘'jumper’ connections on the AVR should be LA
cheqkec_l to ensure they are correctly set for the generating set @, Ko K1 P2 ‘P‘S';;‘;;‘;“g"z";‘}@
application. ] T e J'___I
TRIM AT
Refer to Fig. 1 for location of selection links. mlo) (A2
brooe &) s
1. Frequency selection terminals SX440 52
1 ; . 11 4]
50Hz operat!on LINK C-50 vouTs ﬂ E 2! §Z| m
60Hz operation LINK C-60 13! g
Pat o
2. Stability selection terminals :. 5! gj i
Frame HC4/5 LINK B-C 12110 8
Frame HC6/7 LINK A-B igi| 2
X . . ' FREQUENCY
3. Sensing selection terminals INDICATOR SELECTION
LINK 2-3 L&D \ /
STABILITY SELECTION
LINK 4-5 UFRG " T _TTTC
LINK 6-7 @ ole]] 510,‘3_69'. [cBaAl
o . . soHz Y Y'Y  o0kw-550kwW
4. Excitation Interruption Link w0k LY 7Y OVER SE0KW
LINK K1-K2
Fig. 1
4.4.4.2 TYPE SX421 AVR g
- = VOLTS
The following 'jumper' connections on the AVR should be @ .KE K1 P2 pa! @.M XX X G117 8 5 . IEI
checked to ensure they are correctly set for the generatingset )~~~ 7 tmoooooo- (it
application. INDICATOR Jum——
LED z
Refer to Fig. 2 for lacation of selection links, SX421 \ LPRo 4_—\ S0H2
0 oG g FREQUENCY
1.Frequency selection terminals oe[e] T SELECTION
50Hz operation LINK C-50
B0Hz operation LINK C-60 s ©]
2.Stability selection terminals
Frame HC4/5 LINK B-C STABILITY [0] smaury
Frame HC6/7 LINK A-B SELECTION DROO"
) ] ) R . \\ _____ TRIM
3. Excitation Interruption Link @uen E1 BO m.@ DG B m '5152A1Aq ..@

Linked at auxiliary terminal block. K1-K2

Y Q0L - 550k

4.443TYPE MX341 AVR Ly OVERSSOkw
Fig. 2
The following ‘jumper’ connecticns on the AVR should be K1-K2 Linkad for
checked to ensure they are correctly set for the generating set normal oparation.
application. L
Refer to Fig. 3 for location of selection links. @' ":2:_@:EQ:E:EE:XE‘:XE:E:EE
4 pole 50Hz operation LINK 2-3 : rm [@] T&T
4 pole B0Hz operation LINK 1-3 brOOR (8 Esul
6 pole 50Hz operation NO LINK MX341 Is2
6 pole 60Hz operation  LINK 1-2 B
vouTs (@] 12! ne
. i3}
2. Stability selection terminals 4 §] §
Frame HC4/5 LINK B-C R Ea
Frame HC&/7 LINK A-B DIP EXCTRIP ! 7| 31 =
el 2
. - . FREQUENCY
3. Sensing selection terminals INDICATOR SELECTION
LINK 2-3 LED / - o
LINK 4-5 uFrRo  f ¢ ABILITY_?EE_ TION
LINK 67 [o]ole)ia i8] [ee]
Y Y 4psoHz LT 90KW-S50kW
4. Excitation Interruption Link YY 4PiOHz YT OVERSSOKW
LINK K1-K2 LY 6PisdHz
NOLINK 6p/50Hz
Fig. 3
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4.4.44 TYPE MX321 AVR

The following jumper’ cannections an the AVR should be checked
to ensure they are correctly set for the generating set application.

Refer to Fig. 4 for location of selection links.

1. Frequency selection terminals

4 pole 50Hz operation LINK 2-3
4 pole 60Hz operation LINK 1-3
6 pole 50Hz operation NO LINK
6 pole 60Hz operaticn LINK 1-2
2. Stability selection terminals
Frame HC4/5 LINK B-C
Frame HC6&/7 LINK A-B
3. Excitation Interruption Link
Linked at auxiliary terminal block. K1-K2
© AUTOMATIC VOLTAGE REGULATOR w321 |

LINKING AND ADJUSTMENTS

EOO-IJZZEA

VOLT‘?
@@szpzps@mxxx 6778 @
RAMP MO LINK BF'[EAOHZ
5P
INDICATOR N apﬁﬁcm LT
LED UFRQ LA #R/60Hz
r—3 E n FREQUENCY
7= JASELECTION
cIP
rMs (8]
DWELL@
STABILITY @SIABILJT\’
SELECTION
EXC
QVER/V TRIP 4 v_w_ DROOF TRiM
l_ _”'5 S
B EERECE D c

WY UNDER SCKW

A 4 YOKW - SIOKW
YT OVER 520Kw

Fig. 4
4.5 GENERATOR SET TESTING

During testing it may be necessary to
remove covers to adjust controls
exposing 'live’ terminals or components.
Only personnel qualified to perform
electrical service should carry out testing

Warning !
.andlor adjustments.

4.51 TEST METERING/CABLING

Connect any instrument wiring and cabling required for initial
test purposes with permanent or spring-clip type connectors.,

Minimum instrumentation for testing should be line - ling or line
to neutral voltmeter, Hz meter, load curent metering and kW
meter. If reactive load is used a power factor meter is desirable,

Important !  When fitting power cables for load testing
purposes, ensure cable voltage rating is at
least equal to the generator rated voltage.
The load cable termination should be
placed on top of the winding lead
termination and clamped between the two

nuts provided, on HC4/5 generators.
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Caution ! Check that all wiring terminations for

internal or external wiring are secure, and
fit all terminal box covers and guards,
Failure to secure wiring and/or covers
may result in personal injury and/er
equipment failure.

4.6 INITIAL START-UP

During testing it may be necessary to
remove covers to adjust controls
exposing 'live’ terminals or components.
Only personnel qualified to perform
¢lectrical service should carry out testing
and/or adjustments. Refit afl access
covers after adjustments are completed.

Warning !

On completion of generating set assembly and before starting
the generating set ensure that all engine manufacturer's pre-
running procedures have been completed, and that adjustment
of the engine governor is such that the generator will not be
subjected to speeds in excess of 125% of the rated speed.

important ! Overspeeding of the generator during
initial setting of the speed governor can
result in damage to the generator rotating

components.

In addition remove the AVR access cover and turn VOLTS control
fully anti-clockwise. Start the generating set and run on no-laad
at nominal frequency. Slowly turn VOLTS control potentiometer
clockwise until rated voltage is reached. Refer to Fig. 5a, b, 5¢
or 5d for control petentiometer location.

Important ! Do notincrease the voltage above the
rated generator voltage shown on the

generator nameplate.

The STABILITY contral potentiometer will have been pre-set and
shaould normally not require adjustment, but should this be
required, usually identified by oscillation of the voltmeter, referto
Fig. Ba, 5b, 5S¢ or 5d for control potentiometer location and proceed
as follows:-

1. Run the generating set on no-load and check that speed
is correct and stable.

2. Turn the STABILITY control potentiometer clockwise,
then turn siowly anti-clockwise until the generator voltage
starts 1o become unstable.

The corract setting is slightly clockwise from this position (i.e.
where the machine volts are stable but close to the unstable
region).
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4.7 LOAD TESTING

_________________ A pemmmmm e JOLTS During testing it may be necessary to
'I(2 Kl P2 P3 '@‘Pﬂ X X et r7 8 1 2 .. @ remove covers to adjust controls
""""""""""""""""""""" exposing live’ terminals or components.
Only personnel qualified to perform

INDICATCR urro _{ ggnz - electrical service should carry out testing
sX421 \ED \0 . ,.____1 FREZUENCY Warning !  andfor adjustments. Refit all access
N :_59 <og SELECTION covers after adjustments are completed.
P
F‘,MS. 4.7.1 AVR ADJUSTMENTS

Refer to Fig. 5a, 5b, 5¢ ar 5d for control potentiometer locations.

STABILITY
STABILITY . . . _—
SELECTION Having adjusted VOLTS and STABILITY during the initial start-

OVERNV DROOP TRIM up procedure, other AVR control functions should not normally

iy iy 1o need adjustment. If instability on load is experienced recheck
@. ED E1 BOD B] iDCB Al S] S2A1AZ | B .. stability setting. Refer to subsection 4.6.

YY  90kW - S50kW
YY OVER550kW If however, poor vollage regulation gn-load or voltage collapse is
Fig. 5b experienced, refer to the foliowing paragraphs on each function
to a) check that the symptoms observed do indicate adjustment

K1-KZ Linked for is necessary, and b) to make the adjustment correctly,
normal oparation.
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4.7.1.1 UFRO (Under Frequency Roll Off) (AVR
Types SX440, 8X421, MX341 and MX321)

The AVR incorporates an underspeed protection circuit which
gives a voltage/speed (Hz) characteristic as shown:

Clockwise Anticlockwise
Adjustment K
nee
Paint
4
S
R
100
% / Slope
/ shown is
20 . typical
/ selfing
85 /
80

5 B0 85 g0 a5 100
% Speed {Hz)

Fig. 6
The UFRQ cantrol patentiometer sets the "knee point”.

Symptoms of incorrect seiting are a) the light emitting dicde

, (LED) indicator, just above the UFRQO Control potentiometer,

being permanently lit when the generator is on load, and b} poor™ -

voltage regulation on load, i.e. operation on the sloping part of
the characteristic.

Clockwise adjustment lowers the frequency (speed) setting of
the "knee point” and extinguishes the LED. For Optimum setting
the LED should illuminate as the frequency falls just below
neminal frequency, i.e. 47Hz on a 50Hz generator or 57Hzona
60Hz generator. .

Important ! With AVR Types MX341 and MX321.
If the LED is illuminated and no output
voltage is present, refer to EXC TRIP

and/or OVER/V sections below.

4.7.1.2 EXC TRIP (Excitation Trip) AVR Types MX341
and MX321

An AVR supplied from a permanent magnet generator inherently
delivers maximum excitation power on a line to line or line to
neutral short circuit. In order to protect the generator windings
the AVR incorporaies an over excitation circuit which detects
high excitation and remaves it after a pre-determined time, i.e.
8-10 seconds.

' Symptoms of incarrect setting are the generator output collapses

on load or small overload, and the LED is permanently
illuminated.

The correct setting is 70 volts +/- 5% between terminals X and
XX,

4.7.1.3 OVER/V {Over Voltage) AVR Types $X421 and
MX321

QOver voltage protection circuitry is included in the AVR to remove
generator excitation in the event of loss of AVR sensing input.

The MX321 has both internal electronic de-excitation and
provision of a signal to operate an external ¢ircuit breaker.

4

The SX421 gnly provides a signal to operate an external breaker,
which MUST be fitted if over valtage protection is required.
Incorrect setting would cause the generator output voltage to
collapse at no-load or on removal of load, and the LED to be
illuminated.

The correct setting is 300 volts +/-5% across terminals E1, EO.

Clockwise adjustment of the OVER/V control potentiometer will
increase the voltage at which the circuit operates.

4.7.1.4 TRANSIENT LOAD SWITCHING
ADJUSTMENTS AVR Types $X421, MX341 and
MX321

The additional function controls of DIP and DWELL are provided
to enable the load acceptance capability of the generating set to
be optimised. The overall generating set performance depends
upon the engine capability and governor response, in conjunction
with the generator characteristics.

It is not possible to adjust the level of voltage dip or recovery
independentiy from the engine performance, and there will
always be a 'trade off’ between frequency dip and voltage dip.

DIP-AVR Types SX421, MX341 and MX321

The dip function control potentiometer adjusts the slope of the
voltage/speed {(Hz) characteristic below the knee point as shown
below: '

Knee *
Paint

o

g

ES

100

Anticlockwise )
95 Adjustment Adjustable

l Slape
[}
S0
\ Clockwise
Adjustment
85 /

75 80 85 90 g5 100
% Speed (Hz)

—_—

Fig. 7

20




DWELL-AVR Type MX321

The dwell function introduces a time delay between the recovery
of voltage and recovery of speed. ‘

The purpose of the time delay is to reduce the generator kW
below the available engine kW during the recovery peried, thus
allowing an improved speed recovery,

Again this control is only functional below the "knee point”, i.e. if
the speed stays above the knee point during load switching there
is no effect from the DWELL function setting.

Clockwise adjustment gives increased recovery time.

Adjustable
Slope
2 /
> I Anticlockwise g
F Adjustment /
1C0
|/ /’
05 // ‘“\‘ P
90 2 //Clockwise
// Adjustment
85
80
Time
Instant of Load —_—
Application
Fig. 8

The graphs shown above are representations only, since it is
impossible to show the combined effects of voltage regulater and
engine governor performance.

Failure to refit covers can result in
operator personal injury or death.

Warning !

4.7.1.5 RAMP
AVR Type MX321

The RAMP potentiometer enables adjustment of the time taken
for the generator’s initial build up to normal rated voltage during
each start and run up to speed. The potentiometer is factory set
to give a ramp time of three seconds, which is considered to be
suitable for most applications. This time can be reduced to one
second by turning the pot. fully counter clockwise, and increased
to eight seconds by turning the pot. fully clockwise.

4.8 ACCESSORIES

Refer to the "ACCESSCORIES" Section of this Manual for setting
up procedures related to generator mounted accessories.

If there are accessories for control panel mounting supplied with
the generator refer to the specific accessory fitting procedures
inserted inside the back cover of this book.

Replace AVR access cover after all adjustments are completed.
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SECTION 5
INSTALLATION - PART 2

5.1 GENERAL

The extent of site instailation will depend upon the generating
set build, e.g. if the generator is installed in a canopied set with
integral switchboards and circuit breaker, on site installation will
be limited to connecting up the site load to the generating set
cutput terminals. In this case reference should be made to the
generating set manufacturer's instruction book and any pertinent
local regulations.

If the generator has been installed on a set without switchboard

ar circuit breaker the following peints relating to cannecting up-

the generator should be noted.
5.2 GLANDING

The terminal box is arranged for glanding on the right hand side
(or if specifically ardered an the left hand side} viewed from the
non drive end. Both panels are removable for drilling/punching
to suit glands/or glanding boxes. If single core cables are taken
through the terminal box side panel an insulated or non-magnetic
gland plate should be fitted.

Incoming cables should be supported from either below or above
the box level and at a sufficient distance from the centre line of
the generating set so as o avoid a tight radius at the point of
entry into the terminal box panel, and allow movement of the
generator set on its anti-vibration mountings without excessive
stress on the cable.

Before making final connections, test the insulation resistance of
the windings. The AVR should be disconnected during this test
and ATD leads grounded. '

A 500V Megger or similar instrument should be used. Should
the insulation resistance be less than 5M. the windings must be
dried out as detailed in the Service and Maintenance section of
this manual.

When making connections to the terminals the incoming cable
termination should be placed on top of the winding lead
termination(s) and clamped with the nut provided.

Important! To avoid the possibiiity of swarf entering
any electrical components in the terminal
box, panels must be removed for drilling.

«4 -

5.3 EARTHING

The neutral of the generator is not bonded to the generator frame
as supplied from the factory. An earth terminal is provided inside
the terminal box adjacent to the main terminafs. Should it be
required to operate with the neutral earthed a substantial earth
conductor {(normally equivalent to one half of the section of the
line conductors) must be connected between the neutral and the
earth terminal inside the terminal box. it is the responsibility of
the generating set huilder to ensure the generating set bedplate
and generator frame are all bonded to the main earth terminal in
the terminal box.

Caution! Reference to local electricity regulations
or safety rules should be made to ensure
correct earthing procedures have been

followed.

5.4 PROTECTION

It is the responsibility of the end user and his contractors/sub-
contractors to ensure that the overall system protection meets
the needs of any inspectorate, iocai electricity authority or safety
rules, pertaining to the site location.

To enable the system designer to achieve the necessary
protection and/or discrimination, fault current curves are available
on request from the factory, together with generator reactance
values to enable fault current calculations to be made.

Incorrect installation anc/or protective
systems can result in personal injury
and/or equipment damage.

Installers must be qualified to perform

Warning! sjectrical installation work.

5.5 COMMISSIONING

Ensure that all external cabling is correct and that all the
generating set manufacturer's pre-running checks have been
carried out before starting the set.

Generators fitted with air filters should have the filters charged
with oil prior to commissioning. Refer to Service Section for
charging procedure (subsection 7.3.2).

The generator AVR controls will have been adjusted during the
generating set manufacturer's tests and should normally not
require further adjustment.

Should malfunction cecur during commissioning refer ta Service
and Maintenance section 'Fauit Finding' procedure (subsection
7.43.




SECTION 6
ACCESSORIES

Generator control accessories may be fitted, as an option, inthe
generator terminal box. If fitted at the time of supply, the wiring
diagram{s} in the back of this book shows the connections. When
the options are supplied separately, fitting instructions are
provided with the accessory.

The;'followiﬁg‘-ﬁatﬁx- indicates availability of accessories with
thé:differing"”AVRs.-

,'—

AVA 'Para!!e! - Manual VAP o
'ing Droop Voitage Current Limit
Model ] Control
‘or Astatic | Regulator
$X440 v x v x
5X421 v x v } 4
MX341 | . W v v x
Mxa1 | v v v v

6.1 REMOTE VOLTAGE ADJUST (ALL AVR TYPES)
A remote voltage adjust (hand trimmer) can be fitted.

The remote vollage adjustment potentiomeler is connected
across AVR terminals 1-2.

- These terminals are normally fnked.

When the remote voltage adjust potentiomster is used the link
across terminals 1-2 must be removed.

On AVH types SX440 and MX341 the link 1-2 is on an adjacent
terminal block.

On AVR types SX421 and MX321 the link 1-2 is on the AVR
terminals. .

6.2 PARALLEL OPERATION

Understanding of the following notes on parallel operation is
useful before.attempting the fitting or setting of the droop kit
accessory; When operating in parallel with other generators or
the mains, it is essential that the phase sequence of the incorming
generator matches that of the bushar and also that all of the
following conditions are met before the circuit breaker of the
incoming generator is closed on to the busbar (or operational
generator).

1. Frequency must match within close limits.
2. Voltages must match within close limits.
3. Phase angle of voltages must match within close limits.

A variety of techniques, varying from simple synchronising lamps
to fully automatic synchronisers, can be used to ensure these
conditions are met.

Once connected in parallel a minimum instrumentation level per
generator of voltmeter, ammeter, wattmeter {measuring total
power per gensrator), and frequency meter is required in order
to adjust the engine and generator controls to share kW in refation
to engine ratings and kVAr in relation to generator ratings.

Failure ta meet conditions 1, 2, and 3 when
closing the circuit breaker, will generate
excessive mechanical and electrical
stresses, resulting in equipment damage.

Important !

-

It is important to recognise that

1. kW are derived from the engine, and speed governor
characteristics determine the kW sharing between sets

and

2. kVAr are derived from the generator, and excitation

control characteristics determine the kVAr sharing.

Reference should be made to the generating set manufacturer's
instructions for setting the governor controls.

6.2.1 DROOP

The most commonly used method of kVAr sharing is to create a
generator voitage characteristic which falls with decreasing
power factor {increasing kVAr). This is achieved with a current

. == transformer. (C.T.) which- provides-a-signal: dependent.on. .= -

current phase angle (i.e. power factor) to the AVR.

The current transformer has a burden resistor on the AVR board,
and a percentage of the burden resistor voltage is summed into
the AVR circuit. Increasing droop is obtained by turning the
DROQP cantrol potentiometer clockwise.

The diagrams below indicate the effect of droop in a simple two
generator system:-

Load at pf cos &

I
l )

Gen No. 1 Gen No. 2
No. 2 7
e
’
/
B 1 No. 1 P d
’
’
’
2
KVAr
Na. 1 Droap Greater
than MNo. 2 Droop
No. 2
kW
No. 1
&
KA
No. 1 and No. 2
Droop Equal
z
4
/
v
// No. 2
o.
’
kW P
’
’
’
s
P Na. 1
KAr
No. 1 Droop less than
No. 2 Droop

Fig. 9




Generally 5% droop at full load current zero p f. is sufficient to
ensure kVAr sharing.

If the droop accessory has been supplied with the generator it
will have been tested to ensure correct polarity and set 1o a
nominal level of droop. The final level of droop will be sst during
generating sel commissianing.

Although nominal droop setting may be factory set it is advisable
ta go through the setting procedure below.

6.2.1.1 SETTING PROCEDURE

Depending upon available load the following settings should be
used - all are based on rated current level.

SET DROOP TO 3%
SET DROOP TO 5%

0.8 P.F.LOAD (at full load current)
Zero P.F. LOAD (at full load current)

Setting the droop with low power factor load is the mest accurate.

Run each generator as a single unit at rated frequency or rated
frequency + 4% depending upon type of governor and nominal
voltage. Apply available load to rated current of the generator.
Adjust 'DROQP' control potentiometer to give droop in line with
above table. Clockwise rotation increases amount of droop. Refer
to Fig. 9a, 9b, 9¢ or 9d for potentiometer locations.

Note 1)

Reverse polarity of the C.T. will raise the generator valtage Wlth
load. The polarities $1-52 shown on the wiring diagrams are
correct for clockwise rotation of the generator looking at the drive
end. Reversed rotation requires S1-S2 to be reversed.

Note 2)
The most important aspect is to set all generators egual. The
precise level of droop is less critical.

Note 3)

A generator operated as a singfe unit with a droop circuit set at
rated load 0.8 power factor is unable to maintain the usual 0.5%
regulation. A shorting switch can be connected across 81-S2 to
restore requlation for single running.

Important 1| LOSS OF FUEL to an engine can cause its
generator to motor with consequent
damage to the generator windings.
Reverse power relays shouid be fitted to
trip main circuit breaker.

LOSS OF EXCITATION to the generator
can resuit in large current oscillations with
consequent damage to generator
windings. Exgitation loss detection
equipment should be fitted to trip main
circuit breaker.
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6.2.2 ASTATIC CONTROL

The 'droop’ current transformer can be used in a connection
arrangement which enables the normal regulation of the
generator to be maintained when operating in parallel.

This feature is only suppiied from the factory as a fitied droop
kit, however, if requested at the time of order, the diagrams inside
the back cover of this book will give the necessary site
connections. The end useris required to provide a shorting switch
for the droop current transformer secondary.

Should the generator be required 1o be converted from stangard
droop to ‘astatic' control, diagrams are available on request.

The seiting procedure is exactly the same as for DROOP.
{Subsection 6.2.1.1}

Important ! When using this connection arrangement a
shorting switch is required across each
C.T. burden (terminais S1 and S2.}

The switch must he closed a) when a
generating set is not running and b) when
a generating set is selected for single
running.

6.3 MANUAL VOLTAGE REGULATOR (MVR) - MX341
and MX321 AVR

This accessory is provided as an 'emergency’ excitation system,
in the event of an AVR failure.

Powered from the PMG output the unit is manually set, but
automatically controls the excitation current, independent of

generator voltage or frequency.

The unit is provided with '"MANUAL', 'OFF', 'AUTO" switching
facility.

'MANUAL'

- position connects the exciter field to the MVR output. Generatar
output is then controlled by the operator adjusting the excitation
current,
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"OFF'
- disconnects the exciter field from both MVR and the normal
AVR.

‘AUTO!
- connects the exciter field to the normal AVR and the generator
oulput is controlled at the pre-set voltage under AVR cantrol,

6.4 OVERVOLTAGE DE-EXCITATION BREAKER
5X421 and MX321 AVR

This accessary pravides positive interruption of the excitation
power in the event of overvoltage due to loss of sensing orinternal
AVR faults including the output power device.

With the MX321 AVR this aceessory is supplied loase far fitting
in the control panel.

In the case of the SX421 the circuit breaker is always supplied
and will normally be fitted in the generators.

Important ! When the CB is supplied loose, terminals
K1-K2 at the auxiliary terminal block are
fitted with a link to enable operation of the
AVR. When connecting the circuit breaker
this link must be removed.

6.4.1 RESETTING THE BREAKER

in the event of operation of the circuit breaker, indicated by loss
of generator output voltage, manual resetting is required. When
in the "tripped" state the circuit breaker switch lever shows "OFF".
To reset move the switch lever to the position showing "ON".

Terminals which are LIVE with the
generating set running are exposed when
the AVR access cover is removed.
Resetting of the circuit breaker must be
carried out with the generating set
stationary, and engine starting circuits
disatied.

Danger !

When fitted in the generator, access to the breaker is gained by
remaval of the AVR access cover.

The circuit breaker is mounted on the AVR mounting bracket
gither to the left or to the right of the AVR depending upon AVR
position. After resetting the circuit breaker replace the AVR
access cover before restarting the generating set. Should
resetting of the circuit breaker not restore the generator to normal
operation, refer to subsection 7.5.

6.5 CURRENT LIMIT - MX321 AVR

These accessories work in conjunciion with the AVR circuits to
provide an adjustment to the level of current delivered into a
fault. One current transformer (CT) per phase is fitted to provide
current limiting on any line to line ar line to neutral fault.

Note; The W phase CT can also provide "DROOP". Refer to
6.2.1.1. for setting droop independent of current limit.

Adjustment means is provided with the "I/LIMIT" control
potentivmeter on the AVR. Refer to Fig. 8d for location. If current
limit transformers are supplied with the generator the limit will




be setin accordance with the level specified at the time ot order,
and no further adjustment will be necessary. However, should
the level need to be adjusted, refer to the setting procedure given
in6.5.1.

6.5.1 SETTING PROCEDURE

Run the generating set on no-load and check that engine
governar is set to control nominal speed.

Stop the generating set. Remove the link between terminals K1-
K2 at the auxiliary terminai block and connect a bA switch across
the terminals K1-K2,

Turn the "YLIMLT" control potentiometer fulty anticlockwise. Short
circuit the stator winding with a bolted 3 phase short at the main
terminats. An AT current clip-on ammeter is required to measure
the winding lead current.

With the switch across K1-K2 open start the generating set.

Close the switch across K1-K2 and turn the "I/LIMIT" control
potenticmeter clockwise until required current level is observed
on the clip-on ammeter. As soon as correct setting is achieved
open the K1-K2 switch.

Should the current collapse during the setting procedure, the
internal protactive circuits of the AVR will have operated. In this
event shut down the set and open the K1-K2 switch. Restart the
set and run for 10 minutes with K1-K2 switch open, 1o cool the
generator windings, before attempting to resume the setting
procedure.

important ! Failure to carry out the correct COOLING
procedure may cause overheating and
consequent damage to the generator
windings.

6.6 POWER FACTOR CONTROLLER (PFC3)

This accessory is primarily designad for those genarator
applications where operation in parallet with the mains supply is
required.

Protection against loss of mains voltage or generator excitation
is not inciuded in the unit and the system designer must
incorporate suitable protection,

The electronic control unit requires both droop and kVAr current
transformers. When supplied with the generator, wiring diagrams
inside the back cover of this manual show the connections and
the additional instruction leaflet provided gives details of setting
procedures for the power factor controtier (PFC3).

The unit monitors the power factor of the generator current and
adjusts excitation to maintain the power factor constant.

This mode can also be used to contro! the power facter of the
mains if the point of current monitoring is moved to the mains
cables. Refer to the factory for appropriate details.

It is also possible to operate the unit to control kVAr of the
generator if required. Refer to the factory for appropriate details.
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SECTION 7
SERVICE AND MAINTENANCE

Service and fault finding procedures
present hazards which can result in
severe personal injury or death. Oniy
personnel qualified to perform electrical
and mechanical service should carry out
these procedures,

Ensure engine starting circuits are
disabied before commencing service or
maintenance procedures. Isolate any

Warning !

anti-condensation heater supply.

As part of routine maintenance pracedures, periodic attention to
winding condition (particularly when generators have been idle
for a long period) and bearings is recommended. {Refer to
subsections 7.1 and 7.2 respectively).

When generators are fitted with air filters regular inspection and
filter maintenance is required. (Refer to subsection 7.3).

7.1 WINDING CONDITION

The condition of the windings can be assessed by measurement
of insulation resistance to earth.

The AVR should be disconnected during this test and any
resistance tempearature detector (RTD) leads grounded. A 500V
‘Megger' or similar instrument should be used.

The insulation resistance to earth of all windings should be in
excess of 1.0 M2,

Should the insulation resistances be less than these values,
drying out of the generator windings is essential.

Drying out may be carried out by directing warm air from a fan
heater or similar apparatus info the generator air infets and/or
outlets.

Alternatively, the alternator main stator windings may be short
circuited with a bolted 3 phase short at the main terminals and
the generating set run with the AVR disconnetted at terminals X
and XX. A dc supply is eonnected to the leads X and XX (X must
be connected to the positive of the dc supply and XX to the
negative of the dc supply}. The dc supply must be variable from
0 - 24 volts and capable of supplying 1.0 amp. An ac current
clip-on ammeter or similar instrument is required to measure the
winding lead current.

Set the dc supply voltage to zerg. Start the generating set and
slowly increase the dc voltage to pass current through the main
stator winding. The current level should not exceed the rated
current of the generator.

Normally 30 minutes is sufficient to dry out windings by this
method.

The short circuit must not be applied with
the AVR connected in circuit. Current in
excess of the rated generator current wili
cause damage to the windings.

important !
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After drying out, the insulation resistances should be rechecked
to verify minimum resistances quoted above are achieved.

On re-testing it is recommended that the main stator insulation
resistance is checked as follows:-

Separate the neutral leads

U phase to greund
V phase to ground
W phase to ground

Ground VandW phase and megger
Ground UandW phase and megger
Ground UandV  phase and megger

If the minimum value of 1.0ME2 is not obtained, drying out must
be continued and the test repeated. ’

7.2 BEARINGS

All bearings are sealed for life but are regreaseable if dis-mantled

for inspection during a major overhaul”Refer to°subsection 7.5.3.3

for regreasing instructions. Periodic checks for overheating or
noise during the life of the bearings are recommended. If
excessive vibration develops after a period of time this may be
due ta bearing wear - the bearing should then be examined for
damage or loss of grease and replaced if necessary. Refer to
subsection7.5.3.3.

in any event the bearing should be replaced after 40 thousand
hours in service.

important ! Bearing life is subject to working

conditions and environment.

Long stationary periods in an environment
where there is vibration can cause false
brinnelling which puts flats on the ball and
grooves on the races. Very humid
atmospheres or wet conditions can
emulsify the grease causing corrosian.

important !

lmportant ! High axial vibration from the engine or
misalignment of the set will stress the

bearing.

Grease nipples may be fitted at customers
request. In these cases overgreasing must
be avoided as this will lead to excessive
bearing temperatures and reduction in
bearing life.

important !

Important ! Use only Lithium based grease Mobilux No

EP2 or Shell Alvania R3.
7.3 AIR FILTERS

These are offered as optional extras and may be of two distinct
types. The most commonly fitted filter is a dust filter and these
do require periodic maintenance. Refer to Section 7.3.1.

A moisture removing filter is also available. These filters are
effectively maintenance free although itis important thai the fine
mesh and water drain holes, are kept clean.



The frequency of filter maintenance will depend upon the severity
of the site conditions. Regular inspection of the elements will be
required to establish when cleaning is necessary.

Removal of filter elements enables access
to LIVE parts.

Only remove elements with the generator
out of service.

Danger !

7.4.1 SXA440 AVR - FAULT FINDING

py

No voltage
build-up when |2,
starting set 1.

Check link K1-K2,

Check speed.

Check residual voltage. Refer to
subsection 7.4.5.

Follow separate excitation test
procedure to check generator and
AVR. Reter to subsection 7.5.

7.3.1- CLEANING PROCEDURE

Remave the filter elements from the filter frames. I[mmerse ot
flush the element with a suitable degreasing agent until the
element is clean.

As an alternative procedure a high pressure water hose with a
flat nozzle can be used. Sweep the water spray back and forth
-across the element-from the clean side (fine mesh side of
element) holding the nozzle firmly against the element surface.
Cold water may be adequate depending upon type of
cantamination although hot water is preferable.

The element can be inspected for cleanliness by looking through
the filter towards the light.

When thoroughly clean, no cloudy areas will be seen. Dry
elements thoroughly before atternpting to carry out the recharging
procedure.

7.3.2 RECHARGING (CHARGING)

Charging is best done by totaily immersing the dry efement into
a dip tank containing "Filterkote Type K" or commercial lubricating
oil. SAE 20/50. Qils of higher or lower viscosity are not
recommendad.

Allow elements to completely drain before refitting the efements
into the frames and putting into service.

7.4 FAULT FINDING

Important! Before commencing any fault finding
procedures examine all wiring for broken

or loose connections,

Four types of excitation control system, involving four types of
AVR, can be fitted to the range of generators caverad by this
manual. The systems can be identified by a combination of AVR
type, where applicablg, and the last digit of the generator frame
size designation. Refer to the generator nameplate then proceed
to the appropriate subsection as indicated below:-

DIGIT EXCITATIOGN CONTROL  SUBSECTION
4 SX440 AVR 7.4.1
4 SX421 AVR 742
3 MX341 AVR 743
3 MX321 AVR 7.4.4

a2t |

Unstable voliage
either on no-lpad |2,

—h

Check speed stability.
Check stability setting. Refer to

or with load subsection 4.6.
High voltage |1. Check speed.
either on no-load (2. Check that generator load is not
or with load capacitive (leading.power factor).
Low voltage 1. Check speed.
no-load 2. Check link 1-2 or external hand
trimmer teads for continuity.
Low voltage 1. Check speed.
on-icad 2. Check UFRO setting. Refer to

subsection 4.7.1.1.

3. Follow separate excitation procedure
to check generator and AVR. Refer
to subsection 7.5.

7.4.2 SX421 AVR - FAULT FINDING

No voltage 1.
build-up when subsection 6.4.1.
starting set 2. Check speed.
3. Check residual voltage. Refer to
subsection 7.4.5,
4. Follow separate excitation test
procedure to check generator and
AVR, Refer to subsection 7.5.

Check circuit breaker ON, Refer to ‘

—_

Unstable voltage
aither on no-load |2,
ar with load

Check speed stabhility.

Check stability setting. Refer to
subsection 4.6,

—

r High voltage
either on nodoad (o,
or with load

Check speed.

Check link 1-2 or external hand
trimmer leads for continuity. Check
continuity of leads 7-8 and P3-P2 for
continuity.

3. Check that generator load is not
capacitive (leading power factor).

Low voltage 1.
no-load o

Check speed.
Check link 1-2 or external hand
trimmer leads for continuity.

Low voltage 1.
on-load 2

Check speed.

Check UFRO setting. Refer to
subsection 4.7.1.1.

3. Follow separate excitation procedure
to check generator and AVR.
Refer to subsection 7.5.

Excessive 1. Check governor response.
voltage/speed |2, Refer to generating set manual,
dip on load Check 'DIP' setting.
switching Refer to subsection 4.7.1.4,




7.4.3 MX341 AVR - FAULT FINDING

Check link K1-K2 on auxiliary

Check speed stability.

Check "STAB" setting. Refer to Load
Tasting section for procedure. Refer
to subsection 4.6.

Voltage unstable, | 1.
gither on no-lecad -
or with load

No voltage 1.
build-up when terminals.
starting set 2. Follow Separate Excitation Test
Procedure to check machine and
AVR. Refer to subsection 7.5.
Loss of voltage | 1. First stop and re-start set.
when set running If no voltage or voltage collapses
after short time, follow Separate
Excitation Test Procedure. Refer to
subsection 7.5,

Generator 1. Check sensing leads to AVR.
voltage high | 2. Refer to Separate Excitation Test
followed by Procedure. Refer to subsection 7.5.

collapse

|

Low voltage 1. Check speed.

on-load 2. If correct check "UFRO" setting.
Refer to subsection 4.7.1.1.
Excessive 1. Check governor response. Refer to
voltage/speed generating set manual. Check "DIP"
dip on load setling. Refer to subsection 4.7.1.4.
switching
Sluggish 1. Check governor response. Refer to
recovery on lpad generating set manual.
switching

7.4.4 MX321 AVR - FAULT FINDING

No voltage 1. Check link K1-K2 on auxiliary
build-up when terminals. Follow Separate
starting set Excitation Test Procedure to check

machine and AVR. Refer to
subsection 7.5.

Check setting of ramp

Voltage very slow | 1.
g M potentiometer. Referto 4.7.1.5

to buildup

1. First stop and re-start set. If no
voltage or voltage collapses after
short time, follow Separate
Excitation Test Procedure. Refer io
subsection 7.5.

Loss of voltage
when set running

Generator voltage | 1.
high followed by
collapse

Check sensing leads to AVR.
Refer to Separate Excitation Test
Procedure. Refer to subsection 7.5.

Voltage unstable, | 1.
either on no-loa
or with load

Check speed stability.

Check "STAB" setting. Refer to
Load Testing section for procedure.
Refer to subsection 4.6,

Low voltage 1. Check speed.
on-loa 2. If correct check "UFRQ" setting.
Refer to subsection 4.7.1.1.
Excessive
| 1. Check governor response. Referto
voltage/speed dip generating set mantial. Check "DIP”

on load switching setting. Refer fo subsection 4.7.1.4.

Sluggish 1. Check governor response. Refer to
recovery on load generaﬁng set manual. Check
switching "DWELL" setting. Refer ta Load

Testing section4.7.1.4.

-~y

7.4.5 RESIDUAL VOLTAGE CHECK

This procedure is applicable to generators with either SX460 or
SX440 or S$X421 AVR.

With the generator set stationary remove AVR access cover and
leads X and XX from the AVR.

Start the set and measure voltage across AVR terminals 7-8 on
SX460 AVR or P2-P3 on SX440 or SX421 AVR.

Stop the set, and replace leads X and XX on the AVR terminals.If
the measured voltage was above 5V the generator should
operate normally.

If the measured voltage was under 5V follow the procedure below.
Using a 12 volt dc battery as a supply clip leads from battery
negative to AVR terminal XX, and from battery positive through
a diode to AVR terminal X. See Fig. 10.

A diode must be used as shown below to
ensure the AVR is not damaged.

Important !

O] avr [©

— ] XX
X

1000V
1ADIODE-

o] (@]

(—4 coods
12V Battery
Fig. 10

Important ! if the generating set battery is used for
field fiashing, the generator main stator

neutral must be disconnected from earth.

Restart the set and note output voltage from main stator, which
should be approximately nominal voltage, or voltage at AVR
terminals 7 and 8 on SX460, P2-P3 on SX440 or SX421 which
should be between 170 and 250 volts. g

Stop the set and unclip battery supply from terminals X and XX. -
Restart the set. The generator should now operate normally, If
no voltage huild-up is obtained it can be assumed a fault exists
in either the generator or the AVR circuits. Follow the SEPARATE
EXCITATION TEST PROCEDURE to check generator windings,
rotating diodes and AVR. Refer to subsection 7.5.

7.5 SEPARATE EXCITATION TEST PROCEDURE

The generator windings, dicde assembly and AVR can be
checked using the appropriate following section.

7.5.1 GENERATOR WINDINGS, ROTATING DIODES and
PERMANENT MAGNET GENERATOR (PMG)

7.5.2 EXCITATION CONTROL TEST.



'7.5.1 GENERATOR WINDINGS, ROTATING DIODES
and PERMANENT MAGNET GENERATOR (PMG)

Important ! The resistances quoted apply to a
standard winding. For generators having
windings or voltages other than those
specified refer to factory for details.
Ensure all disconnected leads are isolated
and free from earth.

Important ! Incorrect speed setting will give
proportional error in voltage output.

CHECKING PMG

Start the set and run at rated speed.

Measure the voltages at the AVR terminals P2, P3 and P4. These
should be balanced and within the following ranges:-

50Hz generators - 170-180 volts
60Hz generators - 200-215 volts

Should the voltages be unbalanced stop the set, remove the
PMG sheet metal cover from the nen drive endbracket and
disconnect the multipin plug in the PMG output leads. Check

leads P2, P3, P4 for continuity. Check the PMG stator resistances -

between output leads. These should be balanced and within
+/-10% of 2.3 ehms. If resistances are unbalanced and/or
incorrect the PMG stator must be replaced. If the voltages are
balanced but low and the PMG stator winding resistances are
correct - the PMG rotor must be replaced.

CHECKING GENERATOR WINDINGS AND
ROTATING DIODES

This procedure is carried out with leads X and XX disconnected
at the AVR or transformer control rectifier bridge and using a 12
volt d.c. supply to leads X and XX.

Start the set and run at rated speed.

Measure the voltages at the main output terminais U, V and W.
If voltages are balanced and within +/-10% of the generator
nominal voltage, referto 7.5.1.1.

Check voltages at AVR terminails 6, 7 and 8. These should be
balanced and between 170-250 volts.

if voltages at main terminals are balanced but voltage at 6, 7
and 8 are unbalanced, check continuity of leads 6, 7 and 8. Where
an isolating transformer is fitted (MX321 AVR) check transformer
windings. If faulty the transformer unit must be replaced.

It voltages are unbalanced, refer tg 7.5.1.2.
7.5.1.1 BALANCED MAIN TERMINAL VOLTAGES

If all voltages are balanced within 1% at the main terminals, it
can be assumed that all exciter windings, main windings and
main rotating diodés are in good order, and the fault is in the
AVR or transformer control. Refer t0 subsection 7.5.2 for test
procedure,

™~y

I voltages are balanced but low, there is a fault in the main
excitation windings or rotating diode assembly. Proceed as
follows to identify:-

Rectifier Diodes

The diodes on the main rectifier assembly can be checked with
a multimeter. The flexible leads connected to each diode shouid
be disconnected at the terminal end, and the torward and reverse
resistarnce checked. A healthy diode will indicate a very high
resistance {infinity) in the reverse direction, and a low resistance
in the forward direction. A faulty diode wilt give a full deflection
reading in both directions with the test meter on the 10,000 ohms
scale, of an infinity reading in both directions.

On an electronic digital meter a healthy diode will give a low
reading in one direction, and a high reading in the other.

Replacement of Faulty Diodes

The rectifier assembly is split into two plates, the positive and
negative, and the main rotor is connected across these plates.
Each plate carries 3 diodes, the negative plate carrying negative
biased diodes and the positive plate carrying positive biased
diodes. Care must be taken to ensure that the correct polarity
diodes are fitted to each respective plate. When fitting the dicdes
to the plates they must be tight enough to ensure a good
mechanical and electrical centact, but should not be
overtighlened. The recommended torque tightening is 4.06 -
4.74Nm (36-42Ib in).

Surge Suppressor

The surge suppressor is a metal-oxide varistor cornected across
the two rectifier plates to prevent high fransient reverse voltages
in the field winding from damaging the diodes. This device is not
palarised and will show a virtually infinite reading in both
directions with an ordinary resistance meter. If defective this will
be vistble by inspection, since it will normally fail to short circuit
and show signs of disintegration. Replace if faulty.

Main Excitation Windings

If after establishing and correcting any tault on the rectifier
assembly the output is still low when separately excited, then
the main rotor, exciter stator and exciter rotor winding resistances
should be checked {see Resistance Charts), as the fault must
be in one of these windings. The exciter stator resistance is
measured across leads X and XX. The exciter rotor is connected
to six studs which alse carry the diode lead terminals. The main
rotor winding is connected across the two rectifier plates. The
respective leads must be disconnected before taking the
readings.




Resistance values should be within +/-10% of the values given
in the tabfes below:- i

Measure each section resistance - values should be balanced
and within +/-10% of the value given below:-

4 POLE GENERATORS MAIN STATOR SECTION RESISTANCES
4 POLE GENERATORS
FRAME MAIN ROTOR EXCITER EKC-:-TEFI
Si2E STATOR ROTOR SECTION RESISTANCES
4.4C 0.9 18 0.13g FRAME JWINDING 311 WINDING 12 | WINDING 17 | WINDING 07
SIZE
4-4D 1.04 18 0.136
4o 4E 117 8 0.136 4.4C 0.0085 N/A 0.0115 NiA
4. aF 1 a5 18 0436 4-4D 0.007 NiA 0.0 NZA
4-4E 0.0055 N/A 0.0075 /A
s - ac 155 7 0174 4 - 4F 0.005 N 0.0052 NZA
5- 4D 177 17 0174
5 - 4E 1.96 7 0174 5-4C 0.0068 N/A 0.0105 N/A
s aF 16 17 0172 5 - 4D 0.0057 N/A 0.0079 N/A
5-4E 0.0043 N/A 0.0068 N/A
5 - 4F 0.0087 N/A - 0.0048 [t AT
6 - 4G 144 17 0.158
6 - 4H 1.54 17 0.158
6-4G 0.0037 0.0148 N/A 0.011
6 - 4J 1.73 17 0.158
6 - 4H 0.0027 0.0108 /A 0.0072
6~ 4K 1.05 17 0.158
- 4J 0.0024 0.0098 N/A 0.606
6 - 4K 0.0019 0.0078 N/A 0.0052
7 - 4E 1.25 17 0.006
7-4F 1.4 17 0.006 7- 48 N/ 0.0076 /A 0.0104
7-4G 1.64 17 0.096 7-4F N/A 0.0056 /A 0008 |
7 - 4H 1.78 17 0.096 7 - 4G NiA 0.0044 /A 0.008
7 -4 N/A 0.0036 NiA 0.0044
6 POLE GENERATORS
FRAME :
MAIN ROTOR |EXCITER STATOR| EXCITER ROTOR
SIZE 6 POLE GENERATORS
5-6G 112 17 a2 SECTION RESISTANCES
6. 6H 1 23 = o0z FRAME WINDING WINDING WINDING WINDING
SIZE an 12 17 o7
6-6l 1.5 17 .2
6 6-6G 0.0135 _0.054 N/A 0.045
- . 7 )
b-8k 175 ! o2 & - 6H 0.0095 0.0378 /A 0.0306
6-6J N/A 0.0294 N/A 0.0207
- 2 17 .. '
7-8E 33 0.2 6 - BK 0.0050 0.0234 N/A 0.0165
7 -BEF 283 17 0.2
7-6G 3.25 20 0.28 7 - 6E /A 0.0162 NiA 0.0126
7-6F N/A £.0108 N/A 0.0096
7.5.1.2 UNBALANCED MAIN TERMINAL VOLTAGES
7-6G NA 0.0084 NA 0.006

If voltages are unbalanced, this indicates a fauli on the main
stator winding or main cables ta the circuit breaker. NOTE: Faults
on the stator winding or cables may also cause noticeable foad
increase on the engine when excitation is applied. Disconnect
the main cables and separate the winding leads U1-U2, {U5-
Ue), v1-v2, (V5-V6), W1-W2, (W5-W6} to isalate each winding
section. ‘

Note:- leads suffixed 5 and € apply to 12 wire windings only.

~ A

Measure insulation resistance between sections and each
section to earth,

Unbalanced or incorrect winding resistances and/or low insulation
resistances to earth indicate rewinding of the stator will be
necessary. Refer to removal and replacement of component
assemblies subsection 7.5.3.




7.5.2 EXCITATION CONTROL TEST
7.5.2.1 AVR FUNCTION TEST
All types of AVR's can be tested with this procedure:

1. Remove exciter field leads X & XX (F1 & F2) from the
AVR terminals X & XX (F1 & F2).

2. Connect a 60W 240V household lamp to AVR terminals
X & XX (F1 & F2). )

3. Set the AVR VOLTS control potentiometer fully clockwise.

4. Connecta 12V, 1.0A DC supply to the exciter field leads
X & XX (F1 & F2) with X (F1} to the positive.

5. Start the generating set and run at rated speed.

6. Check that the generator output voltage is within +/-10%
of rated voltage.

Voltages at AVR terminals 7-8 on $X460 AVR or P2-P3 on SX440
or 5X421 AVR should be between 170 and 250 volts. If the
‘genarator output voltage is correct but the voltage on 7-8 (or P2-

P3) is low, check auxiliary leads and connections to main
terminals.

Voitages at P2, P3, P4 terminals on MX344 and MX321 should
be as given in 7.5.1.

The lamp connected across X-XX should glow. In_ the case of
the SX480, 5X440 and SX421 AVAs the lamp should glow
continuously. In the case of the MX341 and MX321 AVRs the
tamp should glow tfor approximately 8 secs. and then turn off.
'Failure to turn off indicates fauity protection circuit and the AVR
should be replaced. Turning the "VOLTS" control potentiometer
fully anti-clockwise should turn off the lamp with all AVR types.

Should the lamp fail to light the AVR is faulty and should be
replaced.

Important ! After this test turn VOLTS control

potentiometer fully anti-clockwise.

7.5.3 REMOVAL AND REPLACEMENT OF
COMPONENT ASSEMBLIES

METRIC THREADS ARE USED THROUGHOUT

Caution! When lifting single bearing generators,
care is needed to ensure the generator
frame is kept in the horizontal plane.

The rotor is free to move in the frame and
can slide out if not correctly lifted.,
Incorrect lifting can cause sericus
personal injury.

7.5.3.1 REMOVAL OF PERMANENT MAGNET
GENERATOR (PMG)

1. Remove access cover.

2. Disconnect P2, P3, P4 at the multiway connector inside
the access cover,

3. Remove the 4 screws and clamps retaining the stator
housing (Frames 4, 5 and 8) or the stator pack
(Frame 7}.

4, Tap the stator pack or housing out of its spigot.

NCTE:

As the highly magnetic rotor will attract the stator core, care must
be taken to avoid a contact which may damage the winding.

5. Remove the exciter rotor securing bolt and stow safely
and firmly pull the complete rotor assembly from
its location.

N.B. Keep the rotor ¢lean and avoid contact with metal dust or
particles - preferably place in plastic bag.

lmportant! The rator assembly must not be

dismantied. .

Re-assembly is a reversal of the above procedure having due .
regard for the notes below:-

1. Ensure rotor magnet assembly is free of metal pieces or
particles.

2. Care is needed to avoid winding damage when re-
assembling the stator pack, due to strong magnetic
attraction.

7.5.3.2 ANTI-CONDENSATION HEATERS

VL

Danger!

The external mains electricity supply
used to power the anti-condensation
heater must be switched off and safely
isolated before attempting any work
adjacent to the heater, or removal of the
non drive end endbracket on which the

. anti-con heater is mounted.

7.5.3.3 REMOVAL OF BEARINGS

Important ! Position the main rotor so that a full pole
face of the main rotor core is at the bottom

of the stator bore.

Removal of the bearings may be eifected either after the rotor -
assembly has been removed or more simply by removai of
endbracket(s). Refer to subsection 7.5.3.4.

The bearings are a press fit on the shafi and can be removed

with standard tooling, i.e. 2 or 3 legged manual or hydraulic
bearing pulfers.

To remave bearings proceed as follows:

1. Remove 4 screws holding bearing cap.

2. Remove cap.

3. Remove circlip (single bearing generators - nan drive
end) or wave washer (two bearing generators - drive
end).

4, Remove bearing cartridge housing complete with
bearing.

5. Remove bearing from cartridge.

if the bearings are to be refitted the bearing(s) and housing(s)
must be thoroughly flushed out with clean solvent before re-
assembly.

When refitting or replacing bearings they must be refilled with
lubricant as follows:- ‘

Recommended lubricant:- Lithium-based Grease Mobilux No.
EP2 or Sheli Alvania R3.




Temperature range: -30°C. to +120°C.

Cluantity: Frame 4  Drive end 108cny
Frame4 Non-driveend 108cm?
Frame®  Drive end 108cm?
Frame5 Non-driveend 108cm?®
Frame 6 Drive end 162cm?
Frame6 Non-driveend 108cm?
Frame7 Drive end 162cm3
Frame7? Non-driveend 162cm?

One third of the guantity specified above is to be "thumbed" into
the beating, one third to be placed in the bottom quadrant of the
bearing cap cavity and the remaining one third to be placed in
the bottorn quadrant of the bearing cartridge cavity.

7.5.3.4 MAIN ROTOR ASSEMBLY
SINGLE BEARING MACHINE
NOTE: On single bearing machines, betfore removal from, or re-

assembly to the prime mover, pasition the rotor, if possible, such
that a full pole face is at bottom dead centre.

1. Remove all access covers and terminal box lid.

2. Disconnect exciter leads X and XX and PMG ieads
P2-P3-P4 at the auxiliary terminals inside the terminal
hox.

3. Ensure that these leads are free to come away with the
nan drive endbracket when removed.

4., Remove the 8 bolts holding the drive end adaptor to the
frame.

5, With a rope sling around drive end adaptor, tap adaptor

out of its spigot location; guide over fan and remove.

6. Remove the 4 bolts retaining the non drive end bearing
cartridge in the non drive end endbracket {outer 4 bolts).

7. Remaove the 8 bolts securing the non drive end bracket
to the frame.

8. Supporting the non drive end bracket with a hoist, insert

two M10 bolts in the two holes provided for 'jacking'
purposes (on the end bracket horizontal centre ling).
Screw in the bolts until the end bracket spigot is clear of
the locating recess, lower the whole assembly until the
main rotor is resting in the stator bore,
Still supporting the nan drive end bracket, tap the bracket
off the non drive end bearing cartridge (taking care that
the exciter stator does not foul exciter rotor windings)
and remove.

9. To withdraw the rotor from the stator the rotor must be
supported by a rope at the drive end and eased out of
the stator core until half the main rotor is protruding out
of the stator. At this point it is safe to release the weight
from the rope sling.

10.  Tightly bind a rope sling around the rotor care, and
supporting the non drive end of the rotor, guide it clear

of the stator.

The rope sling may not be at the centre
of gravity of the rotor and guidance at
the ends of the rotor is essential.

THE FULL WEIGHT OF THE ROTOR
GIVEN IN THE TABLE BELOW MUST
BE SUPPORTED BY THE CRANE

AND SLING. If the rotor core is allowed
to drop more than a few millimetres

at this point, it will make contact with
the stator windings and may damage
them.

Warning [

F T

MINIMUM ROTOR ASSEMBLY WEIGHTS

FRAME WEIGHT
HC4 473 kgs

HC5 681 kgs

HC6 - 4 pole 1093 kgs
HCE& - 6 pole 1050 kgs
HC7 - 4 pole 1592 kgs
HC7? - 6 pole 1790 kgs

Re-assembly is a reversal of the above procedure,

Before assembly of a single bearing rotor into stator housing
check that the drive discs are not damaged or cracked or showing
any other signs of fatigue. Alse check that holes in the dises for
drive fixing screws are not elongated.

Damaged components must be replaced.

When refitiing discs ensure that the number and thickness of
discs, and the tightening torque of hub bolfs is in accordance
with the table below.

Refer to engine manual for torque setting of disc to flywheel
bolts.

FRAME NQ. OF SI[:‘:gléE TOTAL TIGHTENING ]
DISCS THICKNESS THICKNESS TORQUE
48kgm
4 4 1,2 4.8
479Nm
48kgm
5 4 1.2 4.8
479Nm
ad4kgm
& 6 1.2 7.2
B22Nm
84kgm
7 G 1.2 T.2
B22Nm

TWO BEARING MACHINES
NOTE:

Position rotor, if possible, such that a full pole face is at bottom
dead centte.

The procedure for removal of a two bearing rotor is similar to
that outlined for single bearing machines with the exception of
Steps 4 and 5 relating to the drive end adaptor.

For removal of this item proceed as follows:-

1. Remove the 8 bolts holding drive end adaptor to frame
and 4 bolts retaining bearing ¢artridge in drive end
bracket (outer 4 bolts).

2. With rope sling around the shaft extension, supporting
the rotor weight tap the drive end brackeat spigot out of
its locating recess and lower rotor assembly to restin
the stator bore.

3 Take the weight of the drive end bracket on the siing
and tap the bracket off the drive end bearing cartridge,
guide over the-fan and remove.

Re-assembly is a reversal of the above procedure.




7.6 RETURNING TO SERVICE

Alter rectification of any faults found, remove all test connections
and reconnect all control system leads.

Restart the set and adjust VOLTS control potentiometer on AVR
by slowly turning clockwise untii rated voltage is obtained.

Refit alt terminal box covers/access covers and reconnect heater
supply.

Caution! Failure to refit all guards, access covers
and terminal box covers can result in
personal injury or death.




SECTION 8

SPARES AND AFTER SALES SERVICE

8.1 RECOMMENDED SPARES

Service parts are conveniently packaged for easy identification.
Genuine parts may be recognised by the Nupart name.

We recommend the following for Service and Maintenance. In
critical applications a set of these service spares should be held

with the generator.

1. Diode Set (6 diodes with Surge Suppressors)
HC4/5 RSK5001
HCB!7 RSKE001

2. SX440 AVR E000-24030
§X421 AVR E000-24210
MX321 AVR E000-23212
MX341 AVR ED00-23410

3. Bearings

Drive End Non-Drive End

Frame 4 (51-01065 051-01068
Frame 5 051-01067 051-01068
Frame 6 051-01064 051-01065
Frame 7 051-01062 051-01063

When ordering parts the machine serial number or machine
identity number and type should be guoted, together with the
part description. For location of these numbers see paragraph
1.3.

Orders and enquiries for parts should be addressed to:

Newage International Ltd.,
Nupart Department,

P O Box 17, Barnack Road,
Stamford,

Lincolnshire

PES 2NB

England.

Telephone: 44 (0) 1780 484000 Telex: 32268 Cables Newage
Stamford
Fax: 44 (0) 1780 766074

or any of our subsidiary companies listed on the back cover.
8.2 AFTER SALES SERVICE

A full technical advice and on-site service facility is available from
our Service Depariment at Stamford or through our subsidiary

Companies. A repair facility is also available at our Stamford
Works,

brlel
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Fig. 11.
TYPICAL HC SINGLE BEARING GENERATOR
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This manual is available in the following languages on request:
English, French, German, italian and Spanish.

Denne manual er til rAdighed pa folgende sprog: engelsk, fransk, tysk, italiensk og spansk.
Denne h&ndboken er tilgjengelig pa de felgende sprakene: engelsk, fransk, tysk, jtaliensk og spansk.

Sur simple demande, ce manuel vous sera fourni dans I'une des langues suivantes: anglais, frangais, allemand, italien,
espagnol.

Dieses Handbuch ist auf Anfrage in den folgenden Sprachen erhiltlich: Englisch, Franzésisch, Deutsch, Italienisch, Spanisch.
Deze handleiding is op verzoek leverbaar in de volgende talen: Engels, Frans, Duits, Italiaans, Spaans.
Este manual pode também ser obtido nas seguintes linguas: inglés, francés, alemao, italiano e espanhol.

Tama kisikirja on saatavissa pyynndsta seuraavilla kielilla; Englanti, ranska, saksa, italia, espania.

|| presente manuale & disponibile, su richiesta, nelle seguenti lingue: inglese, francese, tedesco, italiano e spagnolo.
Este manual también puede solicitarse en los siguientes idiomas: inglés, francés, alemdn, italiano e espafiol.

AuTO TO £YXEIPIBIO 0BNYiwv XpAoew SatiBetal orig akdiouBeg YAWOOES KQTOMY AUTHOEVS: AyyAlkd, TahAIKA
Meppavikd, ITakikd, lomavikd,
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A.C. GENERATORWARRANTY

WARRANTY PERIOD

A.C. Generators

In respect of a.c. generators the Warranty Period is eighteen manths from the date when the
goods have been notified as ready for despatch by N.I. or twelve months from the date of first
commissioning (whichever is the shorter period).

—

DEFECTS AFTER DELIVERY

We will make good by repair or, at our option, by the supply of a replacement, any fault which
under proper use appears in the goods within the period specified on Clause 12, and is found
on examination by us to be solely due to defective material and workmanship; provided that the
defective part is promptly returned, carriage paid, with all identification numbers and marks
intact, or our works or, if appropriate to the Dealer who supplied the goods.

Any part repaired or replaced, under warranty, will be returned by N.I. free of charge (via sea
freight if outside the UK).

We shall not be liable for any expenses which may be incurred in removing or replacing any part
sent to us for inspection or in fitting any replacement supplied by us. We shall be under no
liability for defects in any goods which have not been properly installed in accordance with N.1.
recommended installation practices as detailed in the publications 'N.l. Installation, Service and -
Maintenance Manual' and 'N.|. Application Guidelines', or which have been improperly stored
orwhich have been repaired, adjusted or alfered by any person except ourselves or our authorised
agents, or in any second-hand goods, proprietary articles or goods not of our own manufacture
although supplied by us, such articles and goods being covered by the warranty (if any) given
by the separate manufacturers. Team

Any claim under this clause must contain fully particulars of the alleged defect, the description
of the goods, the date of purchase, and the name and address of the Vendor, the Serial Number
{as shown on the manufacturers identification plate) or for Spares the order reference under
which the goods were supplied.

Qur judgement in ali cases of claims shall be final and conclusive and the ¢claimant shall accept
our decision on all questions as to defects and the exchange of a part or parts.

Cur liability shall be fully discharged by either repair or replacement as above, and in any event
shall not exceed the current list price of the defective goods.

Our liability under this clause shall be in lieu of any warranty or condition implied by law as to the
guality ar fitness for any particular purpose of the goods, and save as expressly provided in this
clause we shall not be under any liability, whether in contract, tort or otherwise, in respect of
defects in goods delivered or for any injury, damages or loss resulting from such defects or from
any work undone in connection therewith.

MACHINE SERIAL NUMBER
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