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INSTRUCTIONS FOR USE 
 

1. Units placed on site using “Hook Truck” (Cleanaway Type) over cable pit. 
 
2. Cable pit to be under switchboard section of unit (rear). 

 
3. Attach hold down / anti-theft chains to location points at rear of unit (beside 

switchboard). 
 

4. Check engine lube oil level. 
 

5. Check engine coolant level. 
 

6. Check the battery is connected and the electrolyte level is correct. 
 

7. Connect cables to plugs via colour-coded sequence. 
 

8. Connect power inlet socket (240V). 
 

9. Connect communication socket. 
 

10. Connect pump station control socket. 
 

11. Check fuel level (mechanical gauge beside fill point). 
 

12. Refer to section 6, Functional Description for start/run and connection procedure. 
 

13. Remember SAFETY is important ALWAYS wear your Personal Protection 
Equipment (PPE) 
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SP181 

 
Section 4 - Stamford Alternator 

 

  

Sinnamon Road Sinnamon Park SPS SP181 Backup Generator Operation and Maintenance Manual (SE Power)

Q-Pulse Id TMS567 Active 13/12/2013 Page 180 of 393



Publication No: UCH-027
27th Edition

2/001

Installation, Service &
Maintenance Manual

for AC generators with the following prefixes:

UCI; UCM; UCD 224 & 274 .
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SAFETY PRECAUTIONS
Before operating the generating set, read the generating set
operation 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.

• Ensure installation meets all applicable safety and local electrical
codes. Have all installations performed by a qualified electrician.

• Do not operate the generator with protective 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 equipment
damage.

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 result in
severe personal injury or possible death.

Danger refers to immediate hazards which
WILL result in severe personal injury or
death.

Caution !

Warning !

Danger !

Due to our policy of continuous improvement, details in this manual which were
correct at time of printing, may now be due for amendment.  Information included
must therefore not be regarded as binding.
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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 and/or 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 generator.

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

Incorrect installation, operation, servicing
or replacement of parts can result in
severe personal injury or death, and/or
equipment damage.
Service personnel must be qualified to
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 label as below.

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 on the front cover of this book.

1

Warning !

ELECTROMAGNETIC COMPATIBILITY

Additional Information

European 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:

Portable (open construction - temporary site supply)
Portable (enclosed - temporary site supply)
Containerised (temporary or permanent site supply)
Ship-borne below decks (marine auxiliary power)
Commercial vehicle (road transport / refrigeration etc)
Rail transport (auxiliary power)
Industrial vehicle (earthmoving, cranes etc)
Fixed installation (industrial - factory / process plant)
Fixed installation (residential, commercial and light industrial -
home / office / health)
Energy management (Combined heat and power and/or peak
lopping)
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, commercial and light industrial
emissions and immunity standards reference should be made
to Newage document reference N4/X/011, as additional
equipment may be required.

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

● Maintenance and servicing with anything other than factory
supplied or authorised parts will invalidate any Newage liability
for EMC compliance.

● Installation, maintenance and servicing is carried out by
adequately trained personnel fully aware of the requirements

of the relevant EC directives.

EC DECLARATION OF INCORPORATION

IN  A C C O R D A N C E  W IT H  TH E  SU P P LY O F M A C H IN ER Y  (S AF ETY ) R E G U LAT IO N S  1992
A N D  TH E  SU P P LY  O F M A C H IN ER Y  (S AF ET Y)  (A M E N D M E N T) R E G U LAT IO N S  1994

IM PLE M E N TIN G  T H E E C  M AC H IN ER Y  D IR EC T IVE  89 /392 /E E C  AS  A M E N D E D  B Y 91 /368 /EE C .

TH IS   W AS
M A N U FAC T U R ED  B Y  O R  O N  BE H A LF O F

B AR N A C K  R O A D  S TA M FO R D  LIN C O LN SH IR E E N G LA N D .

TH IS  C O M P O N E N T M A C H IN E RY  M U S T N O T  B E  PU T IN TO  S ER V IC E U N T IL  T H E
M A C H IN ER Y  IN TO  W H IC H  IT  IS TO  B E  IN C O R P O R AT ED  H A S  BE E N  D EC LA R E D  IN

C O N FO R M ITY  W ITH  TH E  P R O V IS IO N S O F TH E  S U P PLY  O F  M A C H IN E RY  (S A FE TY )
R E G U LATIO N S 1995/M A C H IN E R Y D IR E C TIV E .

STAM FO RD A.C. GENERATOR

NEWAGE INTERNAT IONAL LTD

FO R AND ON BEHALF  OF NEWAG E INTERN ATIONA L LIM ITED

POSITION :          TECHNICA L 

 S IGNAT URE:

The E M C  D irec tiv e 89 /336 /E E C
Th is C om ponent M ach ine ry  sha ll no t be  used  in  the R esiden tia l, C om m erc ia l and  
L igh t Industr ia l env ironmen t un less it a lso  con fo rm s to  the  re levan t standa rd  
(E N  50081  -  1 ) R E FE R  TO  FAC TO RY  FO R  D E TA ILS

ii) T he Low  Voltage  D irec tiv e  73 /23 /E E C  as am ended  by  93/68 /E EC

 

WARNING !

T H IS C O M P O N E N T  M A C H IN E RY  C A R R IE S  T H E  C E  M A R K  FO R  C O M P LIA N C E  W IT H  T H E  S TAT U TO R Y  
R E Q U IR E M E N T S  FO R  T H E  IM P L EM E N TAT IO N  O F  TH E  F O L LO W IN G  D IR E C TIV E S

DIRECTOR
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1.1 INTRODUCTION

The UC22/27 range of generators is of brushless rotating field
design, available up to 660V/50Hz (1500 rpm) or 60Hz (1800
rpm), and built to meet BS5000 Part 3 and international standards.

All the UC22/27 range are self-excited with excitation power
derived from the main output windings, using either the SX460/
SX440/SX421 AVR. The UC22 is also available with specific
windings and a transformer controlled excitation system.

A permanent magnet generator (PMG) powered excitation system
is available as an option using either the MX341 or MX321 AVR.

Detailed specification sheets are available on request.

1.2 DESIGNATION

GENERATOR TYPE UC

SPECIFIC TYPE

INDUSTRIAL = (I) OR MARINE = (M)

SHAFT HEIGHT IN CM ON BC/UC

NUMBER OF POLES 2, 4, OR 6

CORE LENGTH

NUMBER OF BEARINGS 1 OR 2

4

SECTION 1
INTRODUCTION

1.4 RATING PLATE

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

It is intended that this label will be stuck to the outside of the
terminal box on the left hand side when viewed from the N.D.E.
To assist with squarely positioning the label, location protrusions
have been made in the sheet metalwork.

A CE Mark label is also supplied loose for fitment after final
assembly and painting. This should be attached to an external
surface of the Generator at a suitable location where it will 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 method for attaching label is peel and fold
back sufficient of the backing paper to expose some 20 mm of
label adhesive along the edge which is to 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.

1.3 SERIAL NUMBER LOCATION AND IDENTITY
NUMBER LOCATION

Each generator is metal stamped with it’s own unique serial
number, the location of this number is described below.

UCI and UCM generators have their serial number stamped into
the upper section of the drive end frame to end bracket adaptor
ring, shown as item 31 in the parts lists at the back of this book.

UCD generators have their serial number stamped into the top
of the drive end adaptor /fan shroud casting.  If for any reason
this casting is removed, it is imperative that care is taken to refit
it to the correct generator to ensure correct identification is
retained.

Inside the terminal box two adhesive rectangular labels have
been fixed, each carrying the generators unique identity number.
One label has been fixed to the inside of the terminal box sheet
metal work, and the second label fixed to the main frame of the
generator.

U

U

C

C

.

.
I

M

2

2

2

7

4

4

C

C

2

2
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SECTION 2
 PRINCIPLE OF OPERATION

2.1 SELF-EXCITED AVR CONTROLLED
GENERATORS

The main stator provides power for excitation of the exciter field
via the SX460 (SX440 or SX421) AVR which is the controlling
device 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, control of the high power requirement of the main field is
achieved through the rectified output of the exciter armature.

The SX460 or SX440 AVR senses average voltage on two phases
ensuring close regulation. In addition it detects engine speed
and provides 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.

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

The permanent magnet generator (PMG) provides power for
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 waveform distortion on
the main stator output created by non linear loads, e.g. thyristor
controlled dc motor.

The MX341 AVR senses average voltage on two phases ensuring
close regulation. In 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
and over-voltage protection.
The detailed function of all the AVR circuits is covered in the load
testing (subsection 4.7).

2.3 AVR ACCESSORIES

The SX440, SX421, MX341 and MX321 AVRs incorporate circuits
which, when used in conjunction with accessories, can provide
for parallel 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.

2.4 TRANSFORMER CONTROLLED GENERATORS

The main stator provides power for excitation of the exciter field
via a transformer rectifier unit. The transformer combines voltage
and current elements derived from the main stator output to form
the basis of an open-loop control system, which is self regulating
in nature. The system inherently compensates for load current
magnitude and power factor and provides short circuit
maintenance in addition to a good motor starting performance.

Three phase generators normally have a three phase transformer
control for improved performance with unbalanced loads but a
single phase transformer option is available.

No accessories can be provided with this control system.

Sinnamon Road Sinnamon Park SPS SP181 Backup Generator Operation and Maintenance Manual (SE Power)

Q-Pulse Id TMS567 Active 13/12/2013 Page 187 of 393



The generators are of air-ventilated screen protected drip-proof
design and are not suitable for mounting outdoors unless
adequately protected by the use of canopies. Anti-condensation
heaters are recommended 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 2 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:

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

Dynamic balancing of the generator rotor assembly has been
carried out during manufacture in accordance with BS 6861 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 generator are
as follows:-

            4 pole      1500 rpm       25 Hz
            4 pole      1800 rpm       30 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.

6

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 labels during generator manufacture.
The additional labels required are packaged with this Manual,
together with a drawing identifying their locations. (See below).

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

The generators have been designed for use in a maximum
ambient temperature of 40°C and altitude less than 1000m
above sea level in accordance with BS5000.

Ambients in excess of 40°C and altitudes above 1000m 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 above sea level, refer to the
factory.

emarF
wolFriA lanoitiddA

)teltuo/ekatni(
porDerusserPzH05 zH06

22CU
ces/³m612.0 ces/³m182.0 eguagretawmm6

mfc854 mfc595 ''52.0

22DCU
ces/³m52.0 ces/³m13.0 eguagretawmm6

mfc035 mfc756 ''52.0

72CU
ces/³m415.0 ces/³m716.0 eguagretawmm6

mfc0901 mfc8031 ''52.0

72DCU
ces/³m85.0 ces/³m96.0 eguagretawmm6

mfc0321 mfc3641 ''52.0
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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
connections and provision for earthing. Additional earthing points
are provided on the generator feet.

The neutral is NOT connected to the frame.

The main stator winding has leads brought out to the terminals in
the terminal box.

No earth connections are made on the
generator and reference to site
regulations for earthing must be made.
Incorrect earthing or protection
arrangements can result in personal injury
or death.

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

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

Warning !

7

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 open coupled 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 set. For the
purposes of establishing set design the bending moment at the
engine flywheel housing to generator adaptor interface should
not exceed 1000ft.lb. (140 kgm). A flexible coupling, designed to
suit the specific engine/generator combination, is recommended
to minimise torsional effects.

Belt driven applications of two bearing generators require the
pulley diameter and design to be such that the side load or force
applied to the shaft is central to the extension and does not exceed
the values given in the table below:-

In instances where shaft extensions greater than specified in the
table have been supplied reference must be made to the factory
for appropriate loadings.

Alignment of single bearing generators is critical and vibration
can occur due to the flexing of the flanges between the engine
and generator. As far as the generator is concerned the maximum
bending moment at this point must not exceed 1000ft.lb. (140
kgm). A substanial bedplate with engine/generator mounting pads
is required.

It is expected that the generator will be incorporated into a
generating set operating in an environment, where the maximum
shock load experienced by the generator will not exceed 3g. in
any plane.  If shock loads in excess of 3g are to be encountered,
anti-vibration mountings must be incorporated into the generating
set to ensure they absorb the excess.

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

Generators can be supplied without a foot, providing the option
for customers own arrangement. See SECTION 4.2.1 for
assembly procedure.

Torsional vibrations occur in all engine-driven shaft 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.

It is the responsibility of the generator set manufacturer 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. In the case of single bearing
generators coupling details are included.

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

Warning !

emarF
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22CU 804 0004 011

72CU 015 0005 041
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SECTION 4
INSTALLATION - PART 1

4.1 LIFTING

Incorrect lifting or inadequate lifting
capacity can result in severe personal
injury or equipment damage. MINIMUM
LIFTING CAPACITY REQUIRED IS 750Kg.
Generator lifting lugs should NOT be used
for lifting the complete generator set.

Two 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 be 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
injury or equipment damage. The correct lifting arrangement is
shown on the label attached to the lifting lug. (See sample below).

Single bearing generators are supplied fitted with a rotor retaining
bar at the non-drive end of the shaft.

To remove retaining bar:

1.  Remove the four screws holding the sheet metal cover at the
 non drive end and remove cover

2.  Remove central bolt holding the retaining bar to the shaft

3.  Refit sheet metal cover.

Once the bar 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.

Generators fitted with a PMG excitation system are not fitted
with retaining bar. Refer to frame designation to verify generator
type (subsection 1.2)

4.2 ASSEMBLY

During the assembly of the generator to the engine it will be
necessary firstly to 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 two bearing units.

During the assembly of single bearing units it is necessary to
align the generator's coupling holes with the engine flywheel
holes; it is suggested that two diametrically opposite location
dowel pins are fitted to the engine flywheel, over which the
generator coupling can slide into final location into 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
to rotate the engine crankshaft - generator rotor assembly.  Care
should be taken to 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 or facility
designed to enable manual rotation of the crankshaft assembly.
This must always be used, having been engineered as an
approved method of assembly rotation, engaging the manually
driven pinion with the engine flywheel starter ring-gear.

  Caution ! 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 rotational
movement.

4.2.1 NO FOOT OPTION

Generators can be supplied without a foot providing the option
for customers own arrangement.

For details of mounting this arrangement, see the general
arrangement drawing supplied with the generator.  Alternatively
refer to Newage International for a copy of the latest general
arrangement drawing showing the 'NO FOOT OPTION'
appropriate to your generator.

Warning !
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4.2.2 TWO 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 checked 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.

In the case of belt driven generators, ensure alignment of drive
and driven pulleys to avoid axial load on the bearings. Screw
type tensioning devices are recommended to allow accurate
adjustment of belt tension whilst maintaining pully alignment. Side
loads should not exceed values given in SECTION 3.

Belt and pulley guards must be provided by the set builder.

Important ! Incorrect belt tensioning will result in
excessive bearing wear.

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

4.2.3 SINGLE BEARING GENERATORS

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 generator frame spigot and
rotor coupling plates have been coated with a rust preventative.
This MUST BE removed before assembly to engine.

A practical method for removal of this coating is to clean the
mating surface areas with a de-greasing agent based on a
petroleum solvent.

Care should be taken not to allow any
cleaning agent to come into prolonged
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 flywheel housing
mating face. This should be within +/-0.5mm of nominal
dimension. This is necessary to ensure that a thrust
is not applied to the a.c. generator bearing or engine
bearing.

2. Check that the bolts securing the flexible plates to
the coupling hub are tight and locked into position.
Torque tightening is 24.9kgfm (244Nm; 180 lb ft).

2a. UCD224 Only
Torque tightening is 15.29 kgfm (150Nm; 110 lb ft).

3. Remove covers from the drive end of the generator to
gain access to coupling and adaptor bolts.

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

5. Offer the a.c. generator to engine and engage both
coupling discs and housing spigots at the same time,
finally pulling home by using the housing and coupling
bolts. Use heavy gauge washers between bolt head and
discs on disc to flywheel bolts.

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

7. Remove wooden wedges.

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 bedplate 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 regulations to ensure that
the correct earthing procedure has been
followed.

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 5MΩ to earth.
Should the insulation resistance be less than 5MΩ the winding
must be dried out as detailed in the Service and Maintenance
section of this Manual.

Important ! The windings have been H.V. tested during
manufacture and further H.V. testing may
degrade 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 voltage levels i.e.
Test Voltage= 0.8 (2 X Rated Voltage + 1000)

Caution !

Warning !

Caution !
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4.4.2 DIRECTION OF ROTATION

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

UCI224, UCI274, UCM224, UCM274

Machines are fitted with bi-directional fans and are suitable for
running in either direction of rotation.

UCD224, UCD274

Machines are fitted with uni-directional fans and are suitable for
running in one direction only.

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.

Three phase 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 adjustments remove the AVR cover
and refer to 4.4.4.1, 4.4.4.2, 4.4.4.3, 4.4.4.4 or 4.4.4.5 depending
upon type of AVR fitted. Reference to the generator nameplate
will indicate AVR type (SX460, SX440, SX421, MX341 or
MX321).

Most of the AVR adjustments are factory set in positions which
will give satisfactory performance during initial running tests.
Subsequent 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 SX460 AVR

The following 'jumper' connections on the AVR should be checked
to ensure they are correctly set for the generating set application.

Refer to Fig. 1 for location of selection links.

1. Frequency selection
50Hz operation LINK C-50
60Hz operation LINK C-60

2. External hand trimmer selection
No external hand trimmer LINK 1-2
External hand trimmer required - REMOVE LINK 1-2 and

connect trimmer across
terminals 1 and 2.

3. AVR Input Selection
High voltage (220/240V) Input NO LINK
Low voltage (110/120V) Input LINK 3-4

Refer to diagram in the back of this manual to determine wiring.

Fig. 1

4.4.4.2 TYPE SX440 AVR

The following 'jumper' connections on the AVR should be checked
to ensure they are correctly set for the generating set application.

Refer to Fig. 2 for location of selection links.

1. Frequency selection terminals
50Hz operation LINK C-50
60Hz operation LINK C-60

2. Stability selection terminals
Frame UC22 LINK A-C
Frame UC27 LINK B-C

3. Sensing selection terminals
LINK 2-3
LINK 4-5
LINK 6-7

4. Excitation Interruption Link
LINK K1-K2

Fig. 2

K1-K2 L inked for
norm al operation.
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4.4.4.3 TYPE SX421 AVR

The following 'jumper' connections on the AVR should be
checked to ensure they are correctly set for the generating set
application.

Refer to Fig. 3 for location of selection links.

1.  Frequency selection terminals
50Hz operation LINK C-50
60Hz operation LINK C-60

2.  Stability selection terminals
Depending upon kW output LINK B-D

or LINK A-C
or LINK B-C

3.  Terminals K1 - K2
Excitation circuit breaker closed

Fig. 3

4.4.4.4 TYPE MX341 AVR

The following 'jumper' connections on the AVR should be checked
to ensure they are correctly set for the generating set application.

Refer to Fig. 4 for location of setting links.

1.  Frequency selection terminals
50Hz operation LINK 2-3
60Hz operation LINK 1-3

2.  Stability selection terminals
Frame UC22 LINK A-C
Frame UC27 LINK B-C

3.  Sensing selection terminals *
LINK 2-3
LINK 4-5
LINK 6-7

4.  Excitation Interruption Link
LINK K1-K2

11

Fig. 4

4.4.4.5 TYPE MX321 AVR

The following 'jumper' connections on the AVR should be checked
to ensure they are correctly set for the generating set application.

Refer to Fig. 5 for location of setting links.

Fig. 5

1.  Frequency selection terminals
50Hz operation LINK 2-3
60Hz operation LINK 1-3

2.  Stability selection terminals
Frame UC22 LINK A-C
Frame UC27 LINK B-C

3.  Terminals K1 - K2
Excitation circuit breaker closed.
If this option not fitted, K1 - K2 linked at auxiliary terminal block.
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Important ! Do not increase the voltage above the
rated generator voltage shown on the
generator nameplate.

The STABILITY control potentiometer will have been pre-set
and should normally not require adjustment, but should this be
required, usually identified by oscillation of the voltmeter, refer to
Fig. 6a, 6b, 6c, 6d or 6e 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
slowly anti-clockwise until the generator voltage starts to
become unstable.

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

Fig. 6a

Fig. 6b

4.4.5 TRANSFORMER CONTROLLED EXCITATION
SYSTEM (Series 5)

This control system is identified with the digit 5 as the last digit of
the frame size quoted on the nameplate.

The excitation control is factory set for the specific voltage shown
on the nameplate and requires no adjustment.

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
and/or adjustments.

4.5.1 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 - line or line
to neutral voltmeter, Hz meter, load current 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 genrator rated voltage.
The load cable termination should be
placed on top of the winding lead
termination and clamped with the nut
provided.

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/or
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
electrical service should carry out testing
and/or adjustments. Refit all access
covers after adjustments are completed.

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 (on AVR controlled
generators) and turn VOLTS control fully anti-clockwise. Start the
generating set and run on no-load at nominal frequency. Slowly
turn VOLTS control potentiometer clockwise until rated voltage is
reached. Refer to Fig. 6a, 6b, 6c, 6d or 6e for control potentiometer
location.

12

Warning !

Warning !

Caution !
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4.7 LOAD 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
and/or adjustments. Refit all access
covers after adjustments are completed.

4.7.1 AVR CONTROLLED GENERATORS - AVR
ADJUSTMENTS

Refer to Fig. 6a, 6b, 6c, 6d or 6e for control potentiometer
locations.

Having adjusted VOLTS and STABILITY during the initial start-
up procedure, other AVR control functions should not normally
need adjustment.

If however, poor voltage regulation on-load or voltage collapse
is experienced, refer to the following paragraphs on each function
to a) check that the symptoms observed do indicate adjustment
is necessary, and b) to make the adjustment correctly.

4.7.1.1 UFRO (Under Frequency Roll Off) (AVR
Types SX460, SX440, SX421, MX341 and MX321)

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

Fig. 7

The UFRO control potentiometer sets the "knee point".

Symptoms of incorrect setting are a) the light emitting diode (LED)
indicator, just above the UFRO 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
nominal frequency, i.e. 47Hz on a 50Hz generator or 57Hz on a
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.

Fig. 6c

Fig. 6d

 13

Warning !

Fig. 6e
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DIP
AVR Types SX421, MX341 and MX321

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:

Fig. 8
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 period, 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.

Fig. 9

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

14

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 or large overload. In order to
protect the generator windings the AVR incorporates an over
excitation circuit which detects high excitation and removes it
after a pre-determined time, i.e. 8-10 seconds.

Symptoms of incorrect 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 Type SX421, MX321

Over 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 circuit breaker.

The SX421 only provides a signal to operate an external breaker,
which MUST be fitted if over voltage 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, E0.
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 SX421, 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
independently from the engine performance, and there will
always be a 'trade off' between frequency dip and voltage dip.
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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.

4.7.2 TRANSFORMER CONTROLLED GENERA-
TORS - TRANSFORMER ADJUSTMENT

Normally no adjustment is required but should the no-load
voltage and/or on-load voltage be unacceptable, adjustment
of the transformer air gap can be made as follows.

Stop the generator. Remove transformer cover box. (Normally
left hand side of the terminal box when viewed from the non
drive end).

Slacken the three transformer mounting bolts along the top of
the transformer.

Start the set with a voltmeter connected across the main output
terminals.

Adjust the air gap between the transformer top lamination
section and the transformer limbs to obtain required voltage on
no-load. Slightly tighten the three mounting bolts. Switch load
'on' and 'off' two or three times. Application of load will normally
raise the voltage setting slightly. With the load 'off' recheck the
no-load voltage.
Readjust air gap and finally tighten mounting bolts.

Refit the access cover.

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

4.8 ACCESSORIES

Refer to the "ACCESSORIES" - Section 6 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.

Warning !

15
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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, local 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 and/or protective
systems can result in personal injury
and/or equipment damage.
Installers must be qualified to perform
electrical 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.

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

Should malfunction occur during commissioning refer to Service
and Maintenance section 'Fault Finding' procedure (subsection
7.4).

16

SECTION 5
INSTALLATION - PART 2

5.1 GENERAL

The extent of site installation 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
output 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
or circuit breaker the following points relating to connecting up
the generator should be noted.

5.2 GLANDING

The terminal box is most conveniently glanded on either the right
or left hand side. 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 to 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.

A 500V Megger or similar instrument should be used. Should
the insulation resistance be less than 5MΩ 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 possibility of swarf entering
any electrical components in the terminal
box, panels must be removed for drilling.

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 terminals. 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. Additional earth terminals
are provided on the generator feet. These should be already
bonded to the generating set bedplate by the generating set
builder, but will normally be required to be connected to the site
earth system.

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

Caution !

Warning !
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It is important to recognise that:

1. True  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 voltage 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
DROOP control potentiometer clockwise.

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

Generator control accessories may be fitted, as an option, in the
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 following matrix indicates availability of accessories with the
differing AVRs.

Note the SX460 is not suitable for operation with accessories.

6.1 REMOTE VOLTAGE ADJUST (ALL AVR TYPES)

A remote voltage adjust (hand trimmer) can be fitted.

SX460 Remove link 1-2 on the AVR and connect
adjuster to terminals 1 and 2.

SX440, SX421 Remove link 1-2 at the auxiliary terminals
MX341 and MX321 and connect adjuster to terminals 1 and 2.

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 incoming generator
matches that of the busbar 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.

Important ! Failure to meet conditions 1, 2, and 3 when
closing the cricuit breaker, will generate
excessive mechanical and electrical
stresses, resulting in equipment damage.

Once connected in parallel a minimum instrumentation level per
generator of voltmeter, ammeter, wattmeter (measuring total
power per generator), and frequency meter is required in order
to adjust the engine and generator controls to share kW in relation
to engine ratings and kVAr in relation to generator ratings.
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SECTION 6
ACCESSORIES

G en N o. 1 G en N o. 2

kVA r

kW

N 0. 2

N o . 1

N o . 1 D roop G rea te r
tha n N o. 2 D ro op

kW

kVA r

N o . 2

N o. 1

N o. 1 D roop less than
N o. 2 D roop

k W

k VA r

N o. 2

N o. 1

N o. 1 an d N o. 2
D roop E qua l

Load at p f cos

RVA
ledoM

lellaraP
poorDgni-
citatsAro

launaM
egatloV

rotalugeR
FP/rAV
lortnoC

tnerruC
timiL

044XS ✔ ✘ ✔ ✘

124XS ✔ ✘ ✔ ✘

143XM ✔ ✔ ✔ ✘

123XM ✔ ✔ ✔ ✔
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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 to a
nominal level of droop. The final level of droop will be set during
generating set commissioning.

The following setting procedure will be found to be helpful.

6.2.1.1 SETTING PROCEDURE

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

0.8 P.F. LOAD (at full load current) SET DROOP TO 3%
Zero P.F. LOAD (at full load current) SET DROOP TO 5%

Setting the droop with low power factor load is the most 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 'DROOP' control potentiometer to give droop in line with
above table. Clockwise rotation increases amount of droop. Refer
to Fig 9a, 9b, 9c or 9d for potentiometer locations.

Note 1)
Reverse polarity of the C.T. will raise the generator voltage with
load. The polarities S1-S2 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 equal. The
precise level of droop is less critical.

Note 3)
A generator operated as a single 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 S1-
S2 to restore regulation for single running.

Important ! LOSS OF FUEL to an engine can cause its
generator to motor with consequent
damage to the generator windings.
Reverse power relays should be fitted to
trip main circuit breaker. LOSS OF
EXCITATION to the generator can result in
large current oscillations with consequent
damage to generator windings. Excitation
loss detection equipment should be fitted
on  trip main circuit breaker.

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 supplied from the factory as a fitted 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 user is required to provide a shorting switch
for the droop current transformer secondary.

Should the generator be required to be converted from standard
droop to 'astatic' control, diagrams are available on request.

The setting 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 (terminals S1 and S2.)The
switch must be 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. Generator
output is then controlled by the operator adjusting the excitation
current.

'OFF'
- disconnects the exciter field from both MVR and the normal
AVR.

'AUTO'
 - connects the exciter field to the normal AVR and the generator
output is controlled at the pre-set voltage under AVR control.

Switching mode of operation should be carried out with the
generator set stationary to avoid voltage surges on the connected
load, although neither the MVR nor AVR will be damaged should
the switching be carried out with the set running.

6.4 OVERVOLTAGE DE-EXCITATION BREAKER
SX421 and MX321 AVR

This accessory provides positive interuption of the excitation
power in the event of overvoltage due to loss of sensing or internal
AVR faults including the output power device.

With the MX321 AVR this accessory is supplied loose for fitting
in the control panel.

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

Important ! When the circuit breaker is supplied loose,
the AVR is fitted with a link on terminals
K1-K2 to enable operation of the AVR.
When connecting the circuit breaker this
link must be removed.
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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".

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

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
disabled.

The circuit breaker is mounted on the AVR mounting bracket
either to the left or to the right of the AVR depending upon AVR
poistion. 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.

Fig. 9a

Fig. 9b
19

Fig. 9c

Fig. 9d

6.5 CURRENT LIMIT - MX321 AVR

These accessories work in conjunction 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 or 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
potentiometer on the AVR. Refer to Fig. 9d for location. If current
limit transformers are supplied with the generator the limit will be
set in accordance with the level specified at the time of order,
and no further adjustment will be necessary. However, should
the level need to be adjusted, refer to the setting procedure given
in 6.5.1.

6.5.1 SETTING PROCEDURE

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

Danger !
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Stop the generating set. Remove the link between terminals
K1-K2 at the auxiliary terminal block and connect a 5A switch
across the terminals K1-K2.

Turn the "I/LIMIT" control potentiometer fully anticlockwise. Short
circuit the stator winding with a bolted 3 phase short at the main
terminals. An AC 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
potentiometer 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 protective 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, to 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 designed for those generator
applications where operation in parallel with the mains supply is
required.

Protection against loss of mains voltage or generator excitation
is not included 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 conections and
the additional instruction leaflet provided gives details of setting
procedures for the power factor controller (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 control the power factor 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

As part of routine maintenance procedures, 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

Service and fault finding procedures
present hazards which can result in
severe personal injury or death. Only
personnel qualified to perform electrical
and mechanical service should carry out
these procedures.
Ensure engine starting circuits are
disabled before commencing service or
maintenance procedures. Isolate any
anti-condensation heater supply.

Guidance of Typical Insulation Resistance [IR] Values

The following is offered as general information about  IR values
and is aimed at providing guidance about the typical IR values
for generators from new through to the point of refurbishment.

New Machines

The generators Insulation Resistance, along with many other
critical factors, will have been measured during the alternator
manufacturing process.  The generator will have been
transported with an appropriate packaging suitable for the
method of delivery to the Generating Set assemblers works.
Where we expect it to be stored in a suitable location protected
from adverse environmental conditions.

However, absolute assurance that the generator will arrive at
the  Gen-set production line with IR values still at the factory test
levels of above 100 MΩ cannot be guaranteed.

At Generating Set Manufacturers Works

The generator should have been transported and stored such
that it will be delivered to the assembly area in a clean dry
condition.  If held in appropriate storage conditions the generator
IR value should typically be 25 MΩ.

If the unused/new generators IR values fall below 10 MΩ then a
drying out procedure should be implemented by one of the
processes outlined below before being despatched to the end
customer’s site. Some investigation should be undertaken into
the storage conditions of the generator while on site.

Generators in Service

Whilst It is known that a generator will give reliable service with
an IR value of just 1.0 MΩ.  For a relatively new generator to be
so low it must have been subjected to inappropriate operating
or storage conditions.

Any temporarily reduction in IR values can be restored to
expected values by following one of the drying out procedures.

7.1.1 WINDING CONDITION ASSESSMENT

The AVR should be disconnected
and the Resistance Temperature
Detector (R.T.D.) leads grounded
during this test.

The condition of the windings can be assessed by
measurement of insulation resistance [IR] between phase to
phase, and phase to earth.

Measurement of winding insulation should be carried out: -

1. As part of a periodic maintenance plan.

2. After prolonged periods of shutdown.

3. When low insulation is suspected, e.g. damp or wet
windings.

Care should be taken when dealing with windings that are
suspected of being excessively damp or dirty.  The initial
measurement of the [IR] Insulation Resistance should be
established using a low voltage (500V) megger type instrument.
If manually powered the handle should initially be turned slowly
so that the full test voltage will not be applied, and only applied
for long enough to very quickly assess the situation if low values
are suspected or immediately indicated.

Full megger tests or any other form of high voltage test should
not be applied until the windings have been dried out and if
necessary cleaned.

Procedure for Insulation Testing

Disconnect all electronic components, AVR, electronic protection
equipment etc. Ground the [RTD's] Resistance Temperature
Detection devices if fitted.  Short out the diodes on the rotating
diode assembly.  Be aware of all components connected to the
system under test that could cause false readings or be
damaged by the test voltage.

Carry out the insulation test in accordance with the ‘operating
instructions for the test equipment.

The measured value of insulation resistance for all windings
to earth and phase to phase should be compared with the
guidance given above for the various 'life stages' of a generator.
The minimum acceptable value must be greater than 1.0 MΩ.

If  low winding insulation is confirmed use one or more of the
methods, given below, for drying the winding should be
carried out.

7.1.2 METHODS OF DRYING OUT GENERATORS

Cold Run

Consider a good condition generator that has not been run for
some time, and has been standing in damp, humid conditions.
It is possible that simply running the gen set unexcited - AVR
terminals K1 K2 open circuit - for a period of say 10 minutes
will sufficiently dry the surface of the windings and raise the IR
sufficiently, to greater than 1.0 MΩ , and so allow the unit to be
put into service.

Warning !

Caution  !
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Blown Air Drying

Remove the covers from all apertures to allow the escape of
the water-laden air. During drying, air must be able to flow freely
through the generator in order to carry off the moisture.

Direct hot air from two electrical fan heaters of around 1 – 3 kW
into the generator air inlet apertures.  Ensure the heat source is
at least 300mm away from the windings to avoid over heating
and damage to the insulation.

Apply the heat and plot the insulation value at half hourly
intervals.  The process is complete when the parameters
covered in the section entitled, ‘Typical Drying Out Curve’, are
met.

Remove the heaters, replace all covers and re-commission as
appropriate.

If the set is not to be run immediately ensure that the anti-
condensation heaters are energised, and retest prior to running.

Short Circuit Method

NOTE:  This process should only be performed by a competent
engineer familiar with safe operating practices within and around
generator sets of the type in question.

Ensure the generator is safe to work on, initiate all mechanical
and electrical safety procedures pertaining to the genset and
the site.

Bolt a short circuit of adequate current carrying capacity, across
the main terminals of the generator. The shorting link should
be capable of taking full load current.

Disconnect the cables from terminals “X” and “XX” of the AVR.

Connect a variable dc supply to the “X” (positive) and “XX”
(negative) field cables.  The dc supply must be able to provide
a current up to 2.0 Amp  at  0 - 24 Volts.

Position a suitable ac ammeter to measure the shorting link
current.

Set the dc supply voltage to zero and start the generating set.
Slowly increase the dc  voltage to pass current through the
exciter field winding.  As the excitation current increases, so the
stator current in the shorting link will increase.  This stator output
current level must be monitored, and not allowed to exceed
80% of the generators rated output current.

After every 30 minutes of this exercise:

Stop the generator and switch off the separate excitation supply,
and measure and record the stator winding IR values, and plot
the results.  The resulting graph should be compared with the
classic shaped graph.  This drying out procedure is complete
when the parameters covered in the section entitled 'Typical
Drying Out Curve' are met.

Once the Insulation Resistance is raised to an acceptable level
- minimum value 1.0 MΩ −  the dc supply may be removed and
the exciter field leads “X” and “XX” re-connected to their
terminals on the AVR.

Rebuild the genset, replace all covers and re-commission as
appropriate.

If the set is not to be run immediately ensure that the anti-
condensation heaters are energised, and retest the generator
prior to running.

A
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TYPICAL DRYING OUT CURVE

Whichever method is used to dry out the generator the
resistance should be measured every half-hour and a curve
plotted as shown. (fig 6.)

Fig. 9

The illustration shows a typical curve for a machine that has
absorbed a considerable amount of moisture.  The curve
indicates a temporary increase in resistance, a fall and then a
gradual rise to a steady state.  Point ‘A’, the steady state, must
be greater than 1.0 MΩ. (If the windings are only slightly damp
the dotted portion of the curve may not appear).

For general guidance expect that the typical time to reach point
'A' will be:

1 hour for a BC16/18,
2 hours for a UC22/27
3 hours for an HC4,5,6&7
Drying should be continued after point “A” has been reached
for at least one hour.

It should be noted that as winding temperature increases,
values of insulation resistance may significantly reduce.
Therefore, the reference values for insulation resistance can
only be established with windings at a temperature of
approximately 20°C.

If the IR value remains below  1.0 MΩ, even after the above
drying methods have been properly conducted, then a
Polarisation Index test  [PI] should be carried out.

If the minimum value of 1.0 MΩ for all components cannot be
achieved rewinding or refurbishment of the generator will be
necessary.

The generator must not be put into service until the minimum
values can be achieved.

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

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

Ground V and W phase and megger U phase to ground
Ground U and W phase and megger V phase to ground
Ground U and V phase and megger W phase to ground

If the minimum value of 1.0MΩ is not obtained, drying out must
be continued and the test repeated.
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7.2 BEARINGS

All bearings are supplied sealed for life and are, therefore, not
regreasable.

Important ! The life of a bearing in service is subject to
the working conditions and the
environment .

Important ! 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 and cause
corrosion.

Important ! High axial vibration from the engine or
misalignment of the set will stress the
bearing.

The bearing, in service, is affected by a variety of factors that
together will determine the bearing life. We recommend that the
health of the bearings be monitored, using ‘spike energy’ vibration
monitoring equipment. This will allow the timely replacement of
bearings, that exhibit a deteriorating trend, during a major engine
overhaul.

If excessive heat, noise or vibration is detected, change the
bearing as soon as practicable. Failure to do so could result in
bearing failure.

In the event that ‘spike energy’ vibration monitoring equipment is
not available, it is strongly recommend that consideration be given
to changing the bearing during each ‘major engine overhaul’.

Belt driven application will impose an additional load on bearings.
The bearing life will therefore be significantly affected.  It is
important that the side load limits given in SECTION 3 are not
exceeded and the health of  the bearing is monitored more closely.

7.3 AIR FILTERS

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.

7.3.1 CLEANING PROCEDURE

Removal of filter elements enables access
to LIVE parts.
Only remove elements with the generator
out of service.

Remove the filter elements from the filter frames. Immerse or
flush the element with a suitable detergent until the element is
clean. Dry elements thoroughly before refitting.

23

Danger !

7.4 FAULT FINDING

Important ! Before commencing any fault finding
procedure examine all wiring for broken
or loose conections.

Four types of excitation control system, involving four types
of AVR, can be fitted to the range of generators covered by
this manual. The systems can be identified by a combination
of AVR type, where applicable, 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 EXCITATION CONTROL SUBSECTION
6 SX460 AVR 7.4.1
4 SX440 AVR 7.4.2
4 SX421 AVR 7.4.3
5 Transformer control 7.4.4
3 MX341 AVR 7.4.5
3 MX321 AVR 7.4.6

7.4.1 SX460 AVR - FAULT FINDING
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 7.4.2 SX440 AVR - FAULT FINDING

7.4.3 SX421 AVR - FAULT FINDING
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7.4.4 TRANSFORMER CONTROL - FAULT FINDING
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7.4.6 MX321 AVR - FAULT FINDING7.4.5 MX341 AVR - FAULT FINDING
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7.4.7 RESIDUAL VOLTAGE CHECK

This procedure is applicable to generators with either SX460
or SX440 or SX421 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 proceedure
below.

Using a 12 volt d. c. 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.

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

Fig. 11
Important ! If the generating set battery is used for field

flashing 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.

Stop the set and unclip battery supply from terminals X and XX.
Restart the set. The generator should now operate normally. If
no voltage build-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, diode 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 - 200-216 volts

Should the voltages be unbalanced stop the set, remove the PMG
sheet metal cover from the non 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 ohms. 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 terminals U, V and W. If
voltages are balanced and within +/-10% of the generator nominal
voltage, refer to 7.5.1.1.

Check voltages at AVR terminals 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.

If voltages are unbalanced, refer to 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 diodes are in good order, and the fault is in the
AVR or transformer control. Refer to subsection 7.5.2 for test
procedure.

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

Sinnamon Road Sinnamon Park SPS SP181 Backup Generator Operation and Maintenance Manual (SE Power)

Q-Pulse Id TMS567 Active 13/12/2013 Page 208 of 393



27

Rectifier Diodes

The diodes on the main rectifier assembly can be checked with
a multimeter. The flexible leads connected to each diode should
be disconnected at the terminal end, and the forward and
reverse resistance checked. 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 will give a full
deflection reading in both directions with the test meter on the
10,000 ohms scale, or 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 diodes
to the plates they must be tight enough to ensure a good
mechanical and electrical contact, but should not be
overtightened. The recommended torque tightening is 4.06 -
4.74Nm (36-42lb in).

Surge Suppressor

The surge suppressor is a metal-oxide varistor connected across
the two rectifier plates to prevent high transient reverse voltages
in the field winding from damaging the diodes. This device is not
polarised and will show a virtually infinite reading in both directions
with an ordinary resistance meter. If defective this will be visible
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 fault 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 also 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 table below:-

* Used with 1 phase transformer controlled 3 phase or 1 phase
generators.

** Used with 3 phase transformer controlled 3 phase generators.

7.5.1.2 UNBALANCED MAIN TERMINAL VOLTAGES

If voltages are unbalanced, this indicates a fault on the main
stator winding or main cables to the circuit breaker. NOTE: Faults
on the stator winding or cables may also cause noticeable load
increase on the engine when excitation is applied. Disconnect
the main cables and separate the winding leads U1-U2, U5-U6,
V1-V2, V5-V6, W1-W2, W5-W6 to isolate each winding section.
(U1-L1, U2-L4 on single phase generators).

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

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

emarF
eziS

niaM
rotoR

rotatSreticxE
reticxE

rotoR
1epyT *2epyT **3epyT

C22CU 95.0 12 82 831 241.0

D22CU 46.0 12 82 831 241.0

E22CU 96.0 02 03 551 651.0

F22CU 38.0 02 03 551 651.0

G22CU 49.0 02 03 551 651.0

C72CU 21.1 02 - - 651.0

D72CU 62.1 02 - - 651.0

E72CU 43.1 02 - - 281.0

F72CU 25.1 02 - - 281.0

G72CU 96.1 02 - - 281.0

H72CU 28.1 02 - - 281.0

J72DCU 80.2 02 - - 281.0

K72DCU 80.2 02 - - 281.0

SROTARENEGDELLORTNOCREMROFSNART

emarF
eziS

SGNIDNIWESAHP3,SECNATSISERNOITCES

V083 V004 V514 V614 V064

zH05 zH05 zH05 zH06 zH06

C22CU 950.0 870.0 280.0 550.0 950.0

D22CU 450.0 650.0 750.0 940.0 450.0

E22CU 140.0 50.0 350.0 830.0 140.0

F22CU 130.0 230.0 330.0 520.0 130.0

G22CU 220.0 620.0 820.0 120.0 220.0

SROTARENEGDELLORTNOCRVA

emarF
eziS

SECNATSISERNOITCES

113gnidniW 71gnidniW 50gnidniW 60gnidniW

C22CU 90.0 41.0 540.0 30.0

D22CU 560.0 1.0 330.0 520.0

E22CU 50.0 570.0 820.0 20.0

F22CU 330.0 150.0 810.0 210.0

G22CU 820.0 340.0 410.0 10.0

C72CU 30.0 440.0 610.0 110.0

D72CU 910.0 620.0 10.0 700.0

E72CU 610.0 520.0 900.0 800.0

F72CU 210.0 910.0 700.0 500.0

G72CU 10.0 310.0 600.0 400.0

H72CU 800.0 410.0 400.0 400.0

J72DCU 600.0 900.0 - -

K72DCU 600.0 900.0 - -
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7.5.3 REMOVAL AND REPLACEMENT OF
COMPONENT ASSEMBLIES
METRIC THREADS ARE USED THROUGHOUT

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 serious
personal injury.

7.5.3.1 REMOVAL OF PERMANENT MAGNET
GENERATOR (PMG)

1. Remove 4 screws holding the sheet metal cylindrical cover at
the non-drive end and remove the cover.

2. Disconnect the in line connector from the PMG stator (3 wires
go to this connector). It may be necessary to cut off the nylon
cable tie first.

3. Remove the 4 threaded pillars and clamps holding the PMG
stator onto the end bracket.

4. Tap the stator out of the 4 spigots and withdraw. The highly
magnetic rotor will attract the stator. Take care to avoid contact
which may damage the windings.

5. Remove the bolt in the centre from the rotor shaft and pull off
the rotor. It may be necessary to gently tap the rotor away.
Take care to tap gently and evenly - the rotor has ceramic
magnets which are easily broken by shock.

Important ! The rotor assembly must not be dismantled.

Replacement is a reversal of the above procedure.

7.5.3.2 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.

NOTE: Removal of the bearings may be effected either after the
rotor assembly has been removed OR more simply by removal
of endbracket(s). Refer to 7.5.3.3. and 7.5.3.4.

The bearings are pre-packed with grease and sealed for life.

The bearing(s) are a press fit and can be removed from the shaft
with 3 leg or 2 leg manual or hydraulic bearing pullers.

SINGLE BEARING ONLY:  Before trying to pull off the bearing
remove the small circlip retaining it.

When fitting new bearings use a bearing heater to expand the
bearing before fitting to the shaft. Tap the bearing into place
ensuring that it contacts the shoulder on the shaft.

Refit the retaining circlip on single bearing generators.

7.5.3.3 REMOVAL OF ENDBRACKET AND EXCITER
STATOR

1. Remove exciter leads X+, XX- at the AVR.

2. Slacken 4 bolts (2 each side) situated on horizontal centre
line holding the terminal box.

3. Remove 2 bolts holding lifting lug, at the non-drive end, and
remove lug.

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 SX460 AVR or P2-P3 on SX440
or SX421 AVR should be between 170 and 250 volts. If the
generator output voltage is correct but the voltage on 7-8 (or P2-
P3) is low, check auxiliary leads and connections to main
terminals.

Voltages at P2, P3, P4 terminals on MX341 and MX321 should
be as given in 7.5.1.

The lamp connected across X-XX should glow. In the case of the
SX460, SX440 and SX421 AVRs the lamp should glow
continuously. In the case of the MX341 and MX321 AVRs the
lamp should glow for approximately 8 secs. and then turn off.
Failure to turn off indicates faulty 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.

7.5.2.2 TRANSFORMER CONTROL

The transformer rectifier unit can only be checked by continuity,
resistance checks and insulation resistance measurement.

Two phase transformer
Separate primary leads T1-T2-T3-T4 and secondary leads
10-11. Examine windings for damage. Measure resistances
across T1-T3 and T2-T4. These will be a low value but should be
balanced. Check that there is resistance in the order of 8 ohms
between leads 10 and 11. Check insulation resistance of each
winding section to earth and to other winding sections.

Low insulation resistance, unbalanced primary resistance, open
or short circuited winding sections, indicates the transformer unit
should be replaced.

Three phase transformer
Separate primary leads T1-T2-T3 and secondary leads 6-7-8 and
10-11-12.

Examine windings for damage. Measure resistances across T1-
T2, T2-T3, T3-T1. These will be low but should be balanced.
Check that resistances are balanced across 6-10, 7-11 and
8-12 and in the order of 18 ohms.

Check insulation resistance of each winding section to earth and
to other winding sections.

Low insulation resistance, unbalanced primary or secondary
winding resistances, open or short circuited winding sections
indicates the transformer unit should be replaced.

Rectifier units - Three phase and single phase
With the leads 10-11-12-X and XX removed from the rectifier
unit (lead 12 is not fitted on single phase transformer rectifier
units), check forward and reverse resistances between terminals
10-X, 11-X, 12-X, 10-XX, 11-XX and 12-XX with a multimeter.

A low forward resistance and high reverse resistance should be
read between each pair of terminals. If this is not the case the
unit is faulty and should be replaced.

Caution !
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SINGLE BEARING GENERATORS

1. Remove the screws, screens and louvres (if fitted) at each
side on drive end adaptor.

2. UCI224, UCI274, UCM224, UCM274, UCD274 Only

Remove  6  bolts  holding  the  adaptor  at  the  drive  end.
It  may  be  preferred  to  sling  the  adaptor  on  a  hoist.
The  bolt  heads  face  towards  the  non-drive  end.  The
top bolt passes through the centre of the lifting lug.

2a. UCD224 Only

Remove 6 bolts holding the adaptor at the drive end.
It may be preferred to sling the adaptor on a hoist.

3. UCI224, UCI274, UCM224, UCM274, UCD274 Only

Tap the adaptor away from stator bar adaptor ring.

3a. UCD224 Only

Tap the adaptor away from stator bar assembly.

ALL SINGLE BEARING GENERATORS

4. Ensure the rotor is supported at drive end on a sling.

5. Tap the rotor from the non-drive end to push the bearing
clear of the endbracket and its position within an 'O' ring.

6. Continue to push the rotor out of the stator bore, gradually
working the sling along the rotor as it is withdrawn, to ensure
that it is fully supported at all times.

Replacement of rotor assemblies is a reversal of the procedures
above.

Before commencing re-assembly, components should be checked
for damage and bearing(s) examined for loss of grease.

Fitting of new bearing(s) is recommended during major overhaul.

Before replacement of a single bearing rotor assembly, check
that the drive discs are not damaged, cracked or showing other
signs of fatigue. Also check that the holes in the discs for drive
fixing screws are not elongated.

Damaged or worn components must be replaced.

When major components have been
replaced, ensure that all covers and
guards are securely fitted, before the
generator is put into service.

7.6 RETURNING TO SERVICE

After 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
controlled generators by slowly turning clockwise until rated
voltage is obtained.

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

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

4. Remove sheet metal cylindrical cover (4 screws) over
PMG (if fitted)
or
Remove shallow sheet metal cover (4 screws) at the non-

drive end.

5. Ease up the terminal box and support clear of the non-
drive endbracket.

6. Remove 6 bolts holding the non-drive endbracket to the
stator bar assembly. The endbracket is now ready for
removal.

7. Replace the lifting lug onto the endbracket and sling the
endbracket on a hoist to facilitate lifting.

8. Tap the endbracket around its perimeter to release from
the generator. The endbracket and exciter stator will come
away as a single assembly.

9. Remove the 4 screws holding the exciter stator to the
endbracket and gently tap the exciter stator to release it.
Replacement is a reversal of the above procedure.

7.5.3.4 REMOVAL OF THE ROTOR ASSEMBLY

Remove the permanent magnet generator. Refer to 7.5.3.1
or
Remove the four screws holding the sheet metal cover at the
non drive end and remove cover.

With the PMG rotor removed single
bearing generator rotors are free to move
in the frame. Ensure frame is kept in the
horizontal plane when lifting.

TWO BEARING GENERATORS

1. Remove 2 screws holding the sheet metal cover around
the adaptor at the drive end and remove the cover.

2. Remove the bolts holding the adaptor to the endbracket
at the drive end.

3. Tap off the adaptor. It may be preferred to sling the adaptor
first depending on its size and weight.

4. Remove the screens and louvres (if fitted) at each side on the
drive end.

Now ensure that the rotor is positioned with a full pole face at the
bottom centre line. This is to avoid damage to the bearing exciter,
or rotor winding, by limiting the possible rotor downward
movement to the air gap length.

5. Remove 6 bolts holding drive endbracket onto adaptor ring
DE. The boltheads face towards the non-drive end. The
top bolt passes through the centre of the lifting lug.

6. Tap the drive endbracket away from the adaptor ring DE
and withdraw the endbracket.

7. Ensure the rotor is supported at the drive end on a sling.

8. Tap the rotor from the non-drive end to push the bearing clear
of the endbracket and its position within an 'O' ring.

9. Continue to push the rotor out of the stator bore, gradually
working the sling along the rotor as it is withdrawn, to ensure
that it is fully supported all the time.

29

Caution !

Caution !

Caution !
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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.

AVR Controlled Generators

1. Diode Set (6 diodes with surge suppressor) RSK 2001
2. AVR SX440 E000 24030

AVR SX460 E000 24602
AVR SX421 E000 24210
AVR MX321 E000 23212
AVR MX341 E000 23410

3. Non drive end Bearing UC22 051 01032
UC27 051 01049

4. Drive end Bearing UC22 051 01044
UC27 051 01050

Transformer Controlled Generators (UC22 Only)

1. Diode Set (6 diodes with surge suppressor) RSK 2001
2. Diode Assembly E000 22006
3. Non drive end Bearing UC22 051 01032
4. Drive end Bearing UC22 051 01044

When ordering parts the machine serial number or machine
identity number and type should be quoted, 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 Limited
Nupart Department
PO Box 17, Barnack Road
STAMFORD
Lincolnshire
PE9 2NB
ENGLAND

Telephone: 44 (0) 1780 484000
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 Department at Stamford or through our Subsidiary
Companies. A repair facility is also available at our Stamford
Works.
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PARTS LIST
TYPICAL SINGLE BEARING GENERATOR

Plate Ref.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Description

Stator
Rotor
Exciter Rotor
Exciter Stator
N.D.E. Bracket
Cover N.D.E.
Bearing 'O' Ring N.D.E.
Bearing N.D.E.
Bearing Circlip N.D.E.
D.E. Bracket/Engine Adaptor
D.E. Screen
Coupling Disc
Coupling Bolt
Foot
Frame Cover Bottom
Frame Cover Top
Air Inlet Cover
Terminal Box Lid
Endpanel D.E.
Endpanel N.D.E.
AVR
Side Panel
AVR Mounting Bracket
Main Rectifier Assembly - Forward

Plate Ref.

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Description

Main Rectifier Assembly - Reverse
Varistor
Diode - Forward Polarity
Diode - Reverse Polarity
Lifting Lug - D.E.
Lifting Lug - N.D.E.
Frame to Endbracket Adaptor Ring
Main Terminal Panel
Terminal Link
Edging Strip
Fan
Foot Mounting Spacer
Cap Screw
AVR Access Cover
AVR Anti-Vibration Mounting Assembly
Auxiliary Terminal Assembly

N.D.E. Non Drive End
D.E. Drive End
PMG Permanent Magnet Generator
AVR Automatic Voltage Regulator

3
2
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Fig. 11.
TYPICAL SINGLE BEARING GENERATOR

3
3
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Plate Ref.

1
2
3
4
5
6
7
8
9

10
11
12
14
15
16
17
18
19
20
21
22
23
24

Description

Stator
Rotor
Exciter Rotor
Exciter Stator
N.D.E. Bracket
Cover N.D.E.
Bearing 'O' Ring N.D.E.
Bearing N.D.E.
Bearing Wave Washer D.E.
D.E. Bracket
D.E. Screen
Bearing D.E.
Foot
Frame Cover Bottom
Frame Cover Top
Air Inlet Cover
Terminal Box Lid
Endpanel D.E.
Endpanel N.D.E.
AVR
Side Panel
AVR Mounting Bracket
Main Rectifier Assembly - Forward

Plate Ref.

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
42
43
44
45
46
47

Description

Main Rectifier Assembly - Reverse
Varistor
Diode - Forward Polarity
Diode - Reverse Polarity
Lifting Lug - D.E.
Lifting Lug - N.D.E.
Frame to Endbracket Adaptor Ring
Main Terminal Panel
Terminal Link
Edging Strip
Fan
Foot Mounting Spacer
Cap Screw
AVR Access Cover
AVR Anti-Vibration Mount
Auxiliary Terminal Assembly
PMG Exciter Rotor
PMG Exciter Stator
PMG Bolt
PMG Pillar
PMG Clamp
PMG Dowel

N.D.E. Non Drive End
D.E. Drive End
PMG Permanent Magnet Generator
AVR Automatic Voltage Regulator

PARTS LIST
TYPICAL TWO BEARING GENERATOR
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Fig. 12.
TYPICAL TWO BEARING GENERATOR
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PARTS LIST
TYPICAL TWO BEARING (SERIES 5) GENERATOR

Plate Ref.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Description

Stator
Rotor
Exciter Rotor
Exciter Stator
N.D.E. Bracket
Cover N.D.E.
Bearing 'O' Ring N.D.E.
Bearing N.D.E.
Bearing Wave Washer D.E.
D.E. Bracket
D.E. Screen
Bearing D.E.

Foot
Frame Cover Bottom
Frame Cover Top
Air Inlet Cover
Terminal Box Lid
Endpanel D.E.
Endpanel N.D.E.
Series 5 Control Gear
Side Panel

Main Rectifier Assembly - Forward

Plate Ref.

25
26
27
28
29
30
31
32
33
34
35
36
37

Description

Main Rectifier Assembly - Reverse
Varistor
Diode - Forward Polarity
Diode - Reverse Polarity
Lifting Lug - D.E.
Lifting Lug - N.D.E.
Frame to Endbracket Adaptor Ring
Main Terminal Panel
Terminal Link
Edging Strip
Fan
Foot Mounting Spacer
Cap Screw

N.D.E. Non Drive End
D.E. Drive End
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Fig. 13.
TYPICAL TWO BEARING (SERIES 5) GENERATOR
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Description

Hub
Fin
Diode (fwd)
Diode (rev)
Hx. Screw
Hx. Nut
Pl. Washer
SC. L/Washer
Varistor
Hx. Screw

Fig. 14.
ROTATING RECTIFIER ASSEMBLY

3
8

NOTES:
Fitting of Diodes.

1. Underside of diodes to be smeared with Midland Silicone
'Heat Sink' compound type MS2623. This compound
must not  be applied to the diode threads.

2. Diodes to be tightened to a torque of 2.03 - 2.37 Nm.

3. For Nupart rectifier service kit see page 28.

Plate Ref.

1
2
3
4
5
6
7
8
9

10

Qty

1
2
3
3
6
6
8
8
1
2
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A.C. GENERATOR WARRANTY

WARRANTY PERIOD

A.C. Generators
In respect of a.c. generators the Warranty Period is eighteen months 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.I.
recommended installation practices as detailed in the publications 'N.I. Installation, Service and
Maintenance Manual' and 'N.I. Application Guidelines', or which have been improperly stored
or which have been repaired, adjusted or altered 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.

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.

Our judgement in all 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.

Our 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
quality or 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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NEWAGE INTERNATIONAL LIMITED
REGISTERED OFFICE AND ADDRESS:
PO BOX 17
BARNACK ROAD
STAMFORD
LINCOLNSHIRE
PE9 2NB ENGLAND

Telephone: 44 (0) 1780 484000
Fax: 44 (0) 1780 484100
Web site: www.newagestamford.com

SUBSIDIARY COMPANIES

6

8

4

3

10

7

9

2

1  AUSTRALIA: NEWAGE ENGINEERS PTY. LIMITED
PO Box 6027, Baulkham Hills Business Centre,
Baulkham Hills NSW 2153.
Telephone: Sydney (61) 2 9680 2299
Fax: (61) 2 9680 1545

2  CHINA: WUXI NEWAGE ALTERNATORS LIMITED
Plot 49-A, Xiang Jiang Road
Wuxi High - Technical Industrial Dev. Zone
Wuxi, Jiangsu 214028
PR of China
Tel: (86) 510 5216212
Fax: (86) 510 5217673

3  GERMANY: NEWAGE ENGINEERS G.m.b.H.
Rotenbrückenweg 14, D-22113 Hamburg.
Telephone: Hamburg (49) 40 714 8750
Fax: (49) 40 714 87520

4  INDIA: C.G. NEWAGE ELECTRICAL LIMITED
C33 Midc, Ahmednagar 414111, Maharashtra.
Telephone: (91) 241 778224
Fax: (91) 241 777494

5  ITALY: NEWAGE ITALIA S.r.I.
Via Triboniano, 20156 Milan.
Telephone: Milan (39) 02 380 00714
Fax: (39) 02 380 03664

6  JAPAN: NEWAGE INTERNATIONAL JAPAN
8 - 5 - 302 Kashima
Hachioji-shi
Tokyo, 192-03
Telephone: (81) 426 77 2881
Fax: (81) 426 77 2884

7  NORWAY: NEWAGE NORGE A/S
Økern Naeringspark, Kabeigt. 5
Postboks 28, Økern, 0508 Oslo
Telephone: Oslo (47) 22 97 44 44
Fax: (47) 22 97 44 45

8  SINGAPORE: NEWAGE ASIA PACIFIC PTE LIMITED
10 Toh Guan Road #05-03
TT International Tradepark
Singapore 608838
Telephone: Singapore (65) 794 3730
Fax: (65) 898 9065
Telex: RS 33404 NEWAGE

9  SPAIN: STAMFORD IBERICA S.A.
Ctra. Fuenlabrada-Humanes, km.2
Poligono Industrial "Los Linares"
C/Pico de Almanzor, 2
E-28970 HUMANES DE MADRID (Madrid)
Telephone: Madrid (34) 91 604 8987/8928
Fax: (34) 91 604 81 66

10  U.S.A.: NEWAGE LIMITED
4700 Main St, N.E.
Fridley
Minnesota 55421
Telephone: (1) 800 367 2764
Fax: (1) 800 863 9243

© 1998  Newage International Limited.
Printed in England.
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Section 5 - GE Fanuc PLC 
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The Series 90™-30 PLCs are a family of

controllers, I/O systems and specialty

modules designed to meet the demand for

versatile industrial solutions. With its

single overall control architecture, the

Series 90-30 has been the PLC of record in

over 200,000 applications, such as high-

speed packaging, material handling,

complex motion control, water treatment,

continuous emissions monitoring, mining,

food processing, elevator control,

injection molding and many more.

Series 90 ™-30 PLCs

Thanks to its modular design, the Series 90-30 offers unmatched versatility. Configure just the system you need, saving critical
space and reducing cost.

With over 100 I/O modules, the Series 90-30 PLC can be adapted to a wide range of applications.

• Digital interfaces for push buttons, switches, proximity sensors, relays, contactors and many other devices 

• Analog modules with varying degrees of resolution for flow, temperature or pressure applications 

• Direct connect wiring or remote termination

• Local or remote I/O systems

Series 90-30 Ethernet communications provide a real-time link between the plant floor and the boardroom. You can begin with an
Ethernet-enabled CPU, or at a later date, choose from our selection of rack-mounted Ethernet modules. The Series 90-30 Ethernet
module supports both SRTP and Modbus TCP/IP application protocols.

The scaleable processing power in the Series 90-30 CPU creates a clear upgrade path. Create the system that’s ideal today, while
leaving open the option of creating a more powerful system tomorrow — without having to change your application software. 

Motion control integrated into the Series 90-30 fosters high performance point-to-point applications.

A variety of Series 90-30 field bus interfaces enables distributed control and/or I/O. Choose from Ethernet EGD, Profibus-DP™,
Genius®, DeviceNet™ and Interbus-S™ modules. Field Bus interface modules are easy to install and quick to configure. Plug them
into an existing system or design a new system around them.

Ease of programming is a strong suit of the Series 90-30. Choose the programming options that meet your needs: Windows®-based
IEC programming, advanced C or State Logic®. Floating point math, PID, indirect addressing, array moves and sequencing are just a
few of the over 200 instructions available.

The Series 90-30 stands out among small controls for offering redundancy options. The Series 90-30 is the low-cost solution for
high availability applications, with redundant CPUs and power supplies.

Easy trouble shooting and machine setup using a handheld PDA. CIMPLICITY® Machine Edition Logic Developer PDA software
allows you to interface a Palm® handheld device to your Series 90-30 controller. With Logic Developer PDA, you can
monitor/change data, view diagnostics, force ON/OFF, and configure machine setup — saving you time and increasing productivity.
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GE Fanuc Automation
GE Fanuc Automation Information Centers

USA and the Americas 1-800-648-2001 or (434) 978-5100 
Europe and Middle East (352) 727979-1 
Asia Pacific 86-21-3222-4555

Additional Resources

For detailed technical specifications 
and product ordering information, please 
visit the GE Fanuc e-catalog at:

www.gefanuc.com GFA-148J
10M 06/03

Ordering Information
Description Catalog Number Catalog Number
Discrete Input IC693MDL230 120 VAC Isolated Input (8 Points) IC693MDL646 24 VDC Input, Neg/Pos Logic, 1 msec Filter (16 Points)

Modules IC693MDL231 240 VAC Isolated Input (8 Points) IC693MDL648 48 VDC Input, Neg/Pos Logic, 1 msec filter, Neg/Pos Logic (16 Points)
IC693MDL240 120 VAC Input (16 Points) IC693MDL653 24 VDC Input, Neg/Pos Logic, 2msec Filter (32 Points)
IC693MDL241 24 VAC/VDC Input (16 Points) IC693MDL654 5/12 VDC (TTL) Input, Neg/Pos Logic, (32 Points)
IC693MDL632 125 VDC Input (8 Points) IC693MDL655 24 VDC Input, Neg/Pos Logic, 1 ms, (32 Points)
IC693MDL634 24 VDC Input, Neg/Pos Logic (8 Points) IC693ACC300 Input Simulator Module (8 Points)
IC693MDL645 24 VDC Input, Neg/Pos Logic (16 Points)

Discrete Output IC693MDL310 120 VAC Output, 0.5 Amp (12 Points) IC693MDL740 12/24 VDC Output, 0.5 Amp, Positive Logic (16 Points)
Modules IC693MDL330 120/240 VAC Output, 2 Amp (8 Points) IC693MDL741 12/24 VDC Output, 0.5 Amp, Negative Logic (16 Points)

IC693MDL340 120 VAC Output, 0.5 Amp (16 Points) IC693MDL742 12/24 VDC Output, 1 Amp, Positive Logic (16 Points), Fused
IC693MDL390 120/240 VAC Isolated Output, 2 Amp (5 Points) IC693MDL748 48 VDC Output, 0.5 Amps, Positive Logic (8 Points)
IC693MDL730 12/24 VDC Output, 2 Amp, Positive Logic (8 Points) IC693MDL750 12/24 VDC Output, Negative Logic (32 Points)
IC693MDL731 12/24 VDC Output, 2 Amp, Negative Logic (8 Points) IC693MDL751 12/24 VDC Output, Positive Logic (32 Points)
IC693MDL732 12/24 VDC Output, 0.5 Amp, Positive Logic (8 Points) IC693MDL752 5/12/24 VDC (TTL) Output, Negative Logic, (32 Points)
IC693MDL733 12/24 VDC Output, 0.5 Amp, Negative Logic (8 Points) IC693MDL753 12/24 VDC Output, Positive Logic (32 Points)
IC693MDL734 125 VDC Output, (6 Points)

Relay Output IC693MDL930 Relay Output, Isolated, 4 Amp (8 Points) IC693MDL940 Relay Output, 2 Amp (16 Points)
Module IC693MDL931 Relay Output, 8 Amp Form B/C contacts, Isolated in 2 Groups of 4 (8 Points)

Mixed Discrete IC693MDR390 Mixed I/O, 24 VDC Input (8 points), Relay Output (8 points) IC693MAR590 Mixed I/O, 120 VAC Input (8 Points), Relay Output (8 Points)
Module

Analog Input IC693ALG220 Analog Input, Voltage/Current, 4 Channels IC693ALG222 Analog Input, Voltage 16 Single/8 Differential Channels
Modules IC693ALG221 Analog Input, Current, 4 Channels IC693ALG223 Analog Input, Current, 16 Single Channels

Analog Output IC693ALG390 Analog Output, Voltage, 2 Channels IC693ALG392 High Density Analog Output (8 Channels)
Modules IC693ALG391 Analog Output, Current, 2 Channels

Mixed Analog IC693ALG442 Analog Combo Module 4IN/2OUT
Modules

Motion Modules IC693APU300 High Speed Counter (HSC) IC693APU305 High Speed Counter with Gray Code Encoder or an A QUAD B Encoder Input
IC693APU301 Axis Positioning Module (APM), 1 Axis IC693DSM302 Digital Servo Motion Controller, 2 Axis
IC693APU302 Axis Positioning Module (APM), 2 Axis IC693DSM314 Digital Servo Motion Controller, 1-2 Axis of Digital Servo or 1-4 Axis Analog Servo

Specialty IC693MDL760 Solenoid Valve Output (11 Points)/24 VDC Output, 0.5 Amp, Positive Logic (5 Points) IC693PTM101 Power Transducer Module, CT and PT Interface 120/240 VAC (1m cable)
Modules IC693PCM301 Programmable Coprocessor Module, 192 KB (47 KB Basic or C Program), 2 Serial Ports IC693TCM302 Temperature Control Module, (8) TC In and (8) 24 VDC Solid State Outputs

IC693PCM311 Programmable Coprocessor Module, 640 KB (640 KB Basic or C Program), 2 Serial Ports IC693TCM303 Temperature Control Module Extended Temperature Range, (8) TC In and  
IC693PTM100 Power Transducer Module, CT and PT Interface 120/240 VAC (0.5m Cable) (8) 24 VDC Solid State Outputs

Communications IC693BEM331 Genius Bus Controller (Supports I/O and Datagrams) IC693PBM200 Profibus DP Master Module
Modules IC693CMM302 Communication Module, Genius (1 Kbyte) GCM+ (No Datagram Support) IC693PBM201 Profibus DP Slave Module

IC693CMM311 Communications Module, CCM, RTU, SNP, and SNPx Protocols IC693DNM200 DeviceNet Master Module
IC693CMM321 Ethernet Interface TCP/IP Module, 10Mbs (Supports SRTP and Modbus TCP/IP, No EGD) IC693DNS201 DeviceNet Slave Module

Controllers IC693CPU311 5-Slot Base with CPU in Base (6KBytes User Program), Not Expandable IC693CPU360 CPU 360 Module (240KBytes Configurable User Memory, 4K I/O, 8 Racks), 
No Built-In Serial Ports, Logic Execution is .22msec/K

IC693CPU313 5-Slot Base with Turbo CPU in Base (Logic Execution is .6 msec), 1K Registers, IC693CPU363 CPU 363 Module (240KBytes Configurable User Memory 4K I/O, 8 Racks), 
(12KBytes User Program), Not Expandable 2 Built-In Serial Ports, Logic Execution is .22msec/K

IC693CPU323 10-Slot Base with Turbo CPU in Base (Logic Execution is .6 msec) 12Kbytes IC693CPU364 CPU 364 Module (240KBytes Configurable User Memory 4K I/O, 8 Racks), No Built-In Serial Ports, 
User Program, Not Expandable Built-In 10Mbs Ethernet, Supports SRTP, Channels and EGD, Logic Execution is .22msec/K

IC693CPU350 CPU 350 Module (32KBytes User Memory, 4K I/O, 8 Racks), No Built-In Serial Ports, IC693CPU374 CPU 374 Module (240KBytes Configurable User Memory), No Built-In Serial Ports,  
Logic Execution is .22msec/K Built-In 10/100Mbs with Built-In Switch, Ethernet Supports SRTP, EGD and No Channel 

Support; Logic Execution is .22msec/K.
Backplanes IC693CHS391 Base, CPU, 10 Slots, Use with CPU331/CSE331 and above IC693CHS397 Base, CPU, 5 Slots (use with CPU331/CSE331 and above)

IC693CHS392 Base, Expansion, 10 Slots IC693CHS398 Base, Expansion, 5 Slots
IC693CHS393 Base, Remote Expansion, 10 Slots (700 ft.) IC693CHS399 Base, Remote Expansion, 5 Slots (700 ft.)

Power Supplies IC693PWR321 Power Supply, 120/240 VAC, 125 VDC, Standard, 30 Watts IC693PWR332 Power Supply, 12 VDC, High Capacity, 30 Watts
IC693PWR322 Power Supply, 24/48 VDC, Standard, 30 Watts IC693ACC340 Redundant Power Supply Base (RPSB) with 0.1 meter cable to connect to Power Supply Adapter Module
IC693PWR328 Power Supply, 48 VDC, Standard, 30 Watts IC693ACC341 Redundant Power Supply Base with 0.5 meter cable to connect to Power Supply Adapter Module
IC693PWR330 Power Supply, 120/240 VAC, 125 VDC, High Capacity, 30 Watts IC693ACC350 Redundant Power Supply Adapter (RPSA) Module. The RPSA replaces the power supply 
IC693PWR331 Power Supply, 24 VDC, High Capacity, 30 Watts on a CPU base or expansion base and connects to a Redundant Power Supply Base.

Accessories IC693ACC301 Replacement Battery, CPU & PCM (Qty. 2) IC693CBL301 Rack to Rack Expansion Cable, 2 Meters
IC693ACC302 High Capacity Battery Pack IC693CBL302 Rack to Rack Expansion Cable, 15 Meters
IC200ACC003 EZ Program Store Flash Device (for CPU374 only) IC693CBL312 Rack to Rack Expansion Cable, 0.15 Meters, Shielded
IC693ACC310 Filler Module, Blank Slot IC693CBL313 Rack to Rack Expansion Cable, 8 Meters
IC693CBL300 Rack to Rack Expansion Cable, 1 Meter IC693CBL314 Rack to Rack Expansion Cable, 15 Meters, Shielded

Programming and IC646MPP001 Logic Developer - PLC Professional IC646MPH101 Logic Developer PDA Software Tool with Cable Adapter
Trouble Shooting IC646MPS001 Logic Developer - PLC Standard
Tools

© 2003 GE Fanuc Automation Americas, Inc. All Rights Reserved.
Series 90, VersaPro and LogicMaster are trademarks and Genius is
a registered trademark of GE Fanuc Automation Americas, Inc.
Profibus-DP is a trademark of Profibus International. DeviceNet is a
trademark of the Open DeviceNet Vendor Association, Inc. Interbus-
S is a trademark of Phoenix Contact. Windows is a registered
trademark of Microsoft Corporation. State Logic is a registered
trademark of Adatek, Inc. Palm is a trademark of Palm, Inc.

Sinnamon Road Sinnamon Park SPS SP181 Backup Generator Operation and Maintenance Manual (SE Power)

Q-Pulse Id TMS567 Active 13/12/2013 Page 227 of 393



���������	��
�

����������������������������������� �

 �!#"�$&%�')()*�+ ,�-/.�-�021)3)%�%)3

Sinnamon Road Sinnamon Park SPS SP181 Backup Generator Operation and Maintenance Manual (SE Power)

Q-Pulse Id TMS567 Active 13/12/2013 Page 228 of 393



465�798&:;:=<

>@?BA/C9D�CFE

G@H2I/J	KLJ�MNJ�O=PQKLR/S/TBH;I/S�U�TLS/V9KWJ9PYXZKWT)[�U	\�] KLR/H=PQKLO2J9PYONS	^9[�X�H2T K _)S`PYX�HaPbX�Ha_)H2I/V�O;U�Tdc#O=] PYH2M;S/TLe
R/U�I/I/S/J	PYTLeaPYS	^9[�S/I/HaPYU�I/S/TLe;O2IFO=PYX�S/I�R/O;J�V	K PQKWO;J�TdPYX�HaPbR/O;U	]WVfR/H2U�TLS#[�S/I/TLO2J�Ha]dKLJ	gYU�IihjSik2KWT P`KLJFPYX	KLT
S/l�U	K [b^fS/J	P�O2I9^mH=hN\�SFH2TLTLO;RiKLH=PYS/V9noK PYX9K PYT�U�TLS/p
qrJmT K PYU�H=PQKLO2J�T)nsX�S/I/S`KWJ�HaPQPYS/J	PQKWO;JmR/O;U	]WVfR/H2U�TLSFSiK PYX�S/I#[�S/I/T=O2J�Ha]dKWJ	gYU�IihjO2IFV�Ht^mH2M;S`PYO
S/l�U	K [b^fS/J	PYe;H�GuH;I/J	KWJ�MNJ�OaPQKWR/S`KLT�U�TLS	V)p

v ?�wFxLD&yFC

z H;U	PQKWO;JmJ�OaPQKWR/S/T�H2I/S�U�TLS/V9nsX�S/I/S�S/l�U	K [�^fS/J	PF^9KWM;X	P{\�S�V�Ht^fH;M2S/V9KW|`R/H2I/S`KLTBJ�OaP{PYH;}dS/J�p

~�yFxL�

�f�a�W�/���j�i�Y�/� ���Y�	� �d�i� �W���2�L� �a���L�N� �`�&�a�i���Q�L� �a�����`�Q�B� ���	� �`�/�/� �Y� � ���=� �=�`� �Q� �/���2�t�L���;�`�;�i�����W���`�;� �#���i�`�
�a�`�i�Y�i�L� �`��� �`���/���`� �t�j���2�W�

�t�`� ���2�;�i�;�j�i�;�B� �)�#�/�L�/�N�a�j� �#�&�a�i�j���L� �a�����`�/� � �i�#� ���i�d� �`�#�W� �����t��� �W�)�;�2�#� � �Y�i�=� �a�`�����`� � ���	�&�&�a�Q�W�
�`�i�`�`�`�	�i�N���/�;�`�L���`�F�/�/�i�2�Y�i�L�/�=� �`��� �#�&�a�i�j���L� �a���/�a�2�W�	� �`�/���`�i�Y�/� ���2�;�/�)�{�a�d�;�2�Q�`�a�Q�d�L�N�/�=�`�i���/� �
�;�i�W�/� � �B�a�`�`�Q�/� �i�W� �a�{��� ���`�i�Y���f�i�Y���a���L�2� � �f�i�Y�/�a�{�a�`�W���;�Y�a�`� �2�F�&�a���i�{�i���o�#�;�W�L� �#� ���/�a�2�W� �`�r���`���j� �
�/�a�r�`�/�i�W� ���N�m� � ��� �#� �L�Y� � �i�L� ���`�;�a�`�i�Y�i�L� �a�`�;�a�{�j�/� �2�W���`�i�`�/�Y� 5 �/�i� �2�/�/�)�����o�#���;�/�L�i�Y� �`�/���`�Q�Y�/� �
�F�#� ���j�i���#�`�=�d�;�Y�/�=�i�r�B� ���/� �Y�`�i�Y���m�i�Y���i�`�N�=�;� � �m�i�Y�����{���W�����=� 46 �5 ���;�`�#¡F�2�L�a���i�W� �a�j�	�L���;���/���{�
�a�`� � �2�i�L� �a���;�2�{�a�L� �/�`�L���`�;� �;�i�Y�B�;�r� �#� �B�;�;�i�;���i�2���m� � ���Y�	� �#�/�i�d�W�N�i�`�i�#�2�/�����r�#�L�/���`�i�2�L� �N���/�;�/�
46 �5 �i�2�`�6¡F�2�W�����i�L� ���N�j��¢`�/�)�`���Y�i�;�Y�/�L���2�W�i�L� �a���a�`�f�i�Q�Y�i�2�����;��£2�;�Y�/�L�L�/�;�;� �N�#� � �/�2�;�a�b���W�i� �2�L�=�i�
�m� � ���Y�/� �#�/�i�d�W�;�;�i�`�N�/�L���;���/���`���Y�/���`�a�`�=� �#� � � ���j�&�a�{� �`���/�/�i�2�Y�Y�i�`�;�/���N�6� �i�W�i�`�	�=�L�;� �#�Q�Q� �/� �i�`�i�`�;�a�
�`�L�	� �`� �`�	�L���;�r� �`��� �`�Q�a�i�j�i�W� �a���/���r�L�/� �`�/���`�i�Y�/� �`���f�b�m�i�Q�Y�i�2�W� �	���;�2�j�i�Y���`���r�L�i�#� � � � ���=���Q� � �`�	�L���Q�a�
�;�r�i�`�;�L�F� �`�/� �d�i�;�#� �{�

�t�`�F�&�;� � ���¤� �`�N�Q�/�`� �/�Y�;���j�i�i¢`���2� 46 �5 ���;�`�#¡F�;�L�a���i�W� �����f�a�Q� ��¡9���i�Y� �/�/�;¥ �`�/�
¦B§ ¨=©�ª�«m¨a¬i­ ®=© ¯2° ®=§ ±�²{³	´	­ © ³	§ «f³/±	®=§ ªb¨=¬�­ ®=© µ;®=©�° ®=¬�¶	·
²`¸�«m¹;º)¸�²#¸�»)¼ ½�¾�´/®a­ «m³	­ ° ³	´�«m¨=­ ® µ;®=©�° ®a¬�¿�´	®
²`¸�«¤¹tº)¸�²#¸�»)¼�²#³/´	­ ©�³	§ ½B®a´/° À	¬ ¹;³	Á�®=©�«m³	­ ° ³/´ µ;®=©�° ®=¬{µ;° Â
²`¸�«¤¹tº)¸�²#¸�»)¼�¹t³/Á�®=©�»dÃ6¦�²Ä½�®=´	° À	¬{¹;³	ÁB®a©�»)Ã#¦�²Å¹t©�³/º)³	³	Æ µ;®=©�° ®=¬�»)Ç	©�®=®
²�¸ «N¹rº2¸ ²�¸ »;¼È¶�·aÉ�¦#Ê#µ Ë�®=§ Æ	ª�¨=­ ® ¹tÃ#¿�«m¦�²`Ã#¿ Ì�À/«m¨a¬i­ ®=©
²`¸�«mµ;»)¦BÃ º)³	Í/° ÎaªF¨=¬i­ ®=© µ;®=©�° ®=¬�¯;° Ï/® Ð�³	©�Ñ	ª�¨a¬i­ ®=©

Ò�Ó�Ô/ÕrÖ	×=Ø Ù	Ú2ÛdÜ/Ý	Ý	Þ	ßáà/â	â/àbã�ä�å�æYç2è2éBê�è2Û�ÔZëoæ/Û�Ø Ô	ç9ì�Ô/×aÛ�Ú9êbëoí=×=Ø éaæ/î	ïiç;é=ð
ê�ñ ñrò�Ø Ù	Ú2Û�ó{ò�í=óií=×=ô	íaõ2ð

Sinnamon Road Sinnamon Park SPS SP181 Backup Generator Operation and Maintenance Manual (SE Power)

Q-Pulse Id TMS567 Active 13/12/2013 Page 229 of 393



ö)÷�ø`ùaú�û/ü�ý	þ ÿ ÿ ÿ

���������	��
 �
�������������������	����
 � ���
�!�!"�#

 �	� �
�%$&"��('�) �
�*���	+���,-�
�.�/�!�
� � �
���	���102"3'������ "%$4�
�	��"3���	5�#
�
�
��� ���
���
67'�
 ���.$4�.���!�8"�0:9%�%�<;%'�) �
=7���.�2�8>�?�=��@'�,�A-�	�2��B�C��D�E�-9��
���.���
)D��"7$1$F'���
 #
�.� 
 "7������"($1$&
G�!�!
 "(�IH 9��%��J
���
63'�
 ���
�D� ���K0�"�) ) "7L<
 �-M���"7� �-� "�,-��A�'�,�) 
 �N�E�
���
#
#
"7����
 ��M��!"�9��%��M7'�
 ���
) 
 ���
�!C

OQP%RKS
����
 ���
67'�
 A�$4�.���8M��.���	���	� �
�!=('��!�
�!=��.����#
�	�/���
��
 �	�!�����
��
 "�0 ���
63'��	��#.TU�.���	��M7TI�.����
 0V��"7�8
 ���G�!�
) ) �
��
 �
�
#
#
"3�����	��#
�-LW
 � �/� �-
 ��
 ��� � �	'�#	�!
 "3��$X�.�V'��
) =($&�.TU#
�.'��!�-���	�	$X0 '�)D
 ��� �	��02�	���.��#
���!"����
��
 "�#
"3$1$1'��-
 #
�	�!
 "7���!C
Y �D���
�D,-�
�	�/�!�
�G� �
���	����0�"7'������!"�#
"7$1A-) T/LZ
 � �/�G����) 
 $&
 � ��0�"7������) �
�3�*[\��
 M�
 � �@)D���	+�
 #
�-A�'����G'��.���D� "��%�	�2�
>�?�"�0:� ����9��]�<;%'�) �
�!=(LK�-
 #.�4�	�������
�!
 M7���
��� "�A���"7+�
 �������
�
�!"7���	,�) �-A��("7�!�
#	� 
 "7�I�
M��

 ��� �*���	�	$&0 '�)

 ��� �	��02�	���	��#
�^LK�-�	�I"7A-�	���2�!�
��
 �I��#
"($1$&�	��#

 �
)D�	��+�
 ��"3��$&�	���!C�_8A-�	���2�!
 "7�4"�0V� ��
 ���
67'E
 A�$&�.���8
 �I�
�����3
 ���	���!
 �
)D�	���
��
 ��) 
 `E�
) T/�!"�#
�	'E�3�-���	�	$X0 'E)D
 ��� �	��0��	���.��#
�
=�
 ��LQ��
 #.�I#
�
�3��� ����'��!�	�-LZ
 ) )�,-�����
67'�
 ���
���!"
#
"3�2���
#	�D� �E�K
 ���!�	��0��	���.��#
���	�D��
 ��"(LK�I�.5�A-�	���!�
C
������02"�) ) "(LZ
 ��M���"7� ��
 �*���
63'�
 ���
��� "%,��-A�'V,-) 
 �G�����%,�Ta� �����%�.���
��
 �	�/bU�	A��	�2�G$&�	���^"�0E�%"($1$1'��-
 #
�	� 
 "(�E�!C

OQP%RKS
����
 �8��
 M�
 � �
)D�	A�A��	���	� '��8��"��
�*�E"7�8�.5�#
�
�
��� �E�K��) �@�!�*[\) 
 $&
 �!��02"7�E���
��
 "���"�
 �!�K�	$&
 �!�3
 "7�E��0 ��"($c��
GM�
 �!�
)
�	A�A-�	���.� '��8�!�	�8"7'��^
 �/� ���-���
��
 "�
 �V�!�	�
0��	�
�	��#
�����@M3'�) �	�3
 "7���8"�0V� �����]�	������
 �	��b<�	A-�	�2� $&�.�V�8"�0
��"($1$1'���
 #
�.�!
 "7���!C
������02"�) ) "7LZ
 ��M�� �!�	� �.$&�.���!�8�	���-���
63'�
 ���
��� "��	A�A��
�	��
 ��� ���%d�e@f!g e
h�i�j
k^l2m�j�n�o�h!p q�r r q�p g s�o�tuq�o�v�q�r��	����� �E�
d�e
f!g e
h8i�j
k^l2m�j�n2w!xyd3z-e
{
g |Vg {
q�p g s�o�hDt}q�o�v�q�r�0�"7����) �
�3�8Y�b<
 +/~��U�	�*�	����"3'��*��"�#
�	�!
 "3�-�!C
>�C��Q�^�<Y �����-�<�F��[Q�%�8���^by��Y	���y;%�-9��^;%�-�<�����8_����^[<���ZY2=��^;1_8�a���Q[Z=7�1=��%=��	�E�%b<=

bUY �<C7~��Q[a�-[a;�bU_^�U�Q�K_a��[<�^Y2_8�<�<Y2�Z�@�<Y2�D[K�]���&9�_8;��U�@��Y �\�E�-[U���ZY2=7b<Y �UY2��Y�_8�y~�=
�8;1_^�Q�%�Q[Z=7�F=���=7b�_^;��U_^�U� �/[Q�-[a;�bU_8�<�a��_a��[Z�8Y2_^�U�Z_^�/���UC

~�C���[Q;%�<Y �U���V�-�a���K_Q��Y2_8���a[Q�-[a;%b��E�@�Q�1���8Y2���<�^Y2_8��_^9��%_8�X�%_^�a�-�<�8�K��[Q�
Y ����[<Y ;��
�UY2��[Q�1Y �KY2�D�y9�_8;��E�-[U�*�ZY	=3bUY �UY2��Y2_^�y~-�

��C���[Q;%�<Y �U���V�-�a���K_Q��Y2_8���a[Q�-[a;%b��Vb<_X�<_a�1bUY2���%_^�Q�a�Q�%�F�Q�^�<Y �����-�<�1�a�Q�-�K���
�%_^���^;��Q[<�K�%�^�-���@��Y��8���Q�^b\_89�9�_^;��D�Q�&[Q;%�8[\Y��Q�Q�<_8���\�8_X�%�
�U_^�<� �/[Q�-[a;%b<_^�U��C

� C�[a�-�4�a�Q�U�@�^b\�:�K_Q�8�ZY �y[K�^�4��[Z�@�-���^[Z�D�K�K���U���F�%�&�%_-���Q�-[Z�D�-by��Y��D��9�Y �-�-�^;
��_8bQ�a�-�Q�*=�Y2�%�����7[<�%����>���=�_8;��K�8�<Y �a[a���^�<�8C

Sinnamon Road Sinnamon Park SPS SP181 Backup Generator Operation and Maintenance Manual (SE Power)

Q-Pulse Id TMS567 Active 13/12/2013 Page 230 of 393



Sinnamon Road Sinnamon Park SPS SP181 Backup Generator Operation and Maintenance Manual (SE Power)

Q-Pulse Id TMS567 Active 13/12/2013 Page 231 of 393



�*�� �¡7¢.£
¤�¥@¦ §

¨�©�ª «�¬4­	®�¯�­
°D±�²
«3³2´
ª µ-²
«D¶G©�²�·8¸&¹�­.®�¯�³�º�²	´�ª ²@«8»�¼�½2¾�¼�¿�´�À�Á3´�­	¬1¬&­	µ-° ²-ÂKÀ�Á�ª ³�Ã%À7®�¶ ´�À�° ° ²	´�Ä ¿�ÂKÃ�Å
Æ�Ç ¶
³
À3®�¶!­
ª ®-«8­K±�²
«!³	´�ª È�¶ ª À7®IÀ�É:©�­	´�±7ÊZ­.´�²K³
À(¬�È-À3®�².®�¶!«8­.®�±�È�´�À3Ë�ª ±�²
«Dµ-­
«!ª ³-©�­	´�±(ÊZ­	´�²Kª ®�«G¶ ­
° ° ­	¶ ª À7®
È�´�À�³
²
±3¯�´
²
«!Æ�¨�©�²�º�²	´�ª ²
«�»�¼�½�¾�¼�¿�Â�Ã�ª «8­^¬4².¬1µ-²	´�À�ÉV¶ ©�²Qº�²	´�ª ²
«8»�¼7ÌuÉ�­.¬&ª ° ÍIÀ�É:¿�´�À�Á3´�­.¬1¬&­	µ-° ²-Â�À�Á�ª ³
Ã�À7®�¶ ´�À�° ° ²	´�«�É ´�À(¬c·^¸&¹�­.®�¯�³
Æ
¹�À7´�­�° ª « ¶8À�É:È�´�À�±3¯�³	¶8« ¶!­	®�±�­	´
±�«!Î7´�²@É�²	´E¶!À�±�­	¶ ­K« ©�²
²	¶8·^¹�ÏU½�¼�Ð�Ñ�Ò7Ó�À7´�° ­	¶ ²	´�Î:Ô8Õ&ÖK×�Ø�Ù�Ú�Û^Ü�Ü�Ý3Þ�ß
×�à á!â
ã�ä ×�Ø�å�×�Ý!å�á!â�ÔQæ@Ø�æ
Ý!×�à ã Ü�æ@Ú
ç èVç Ú
× ä ç Þ�Ø�á�ÊQ©Eª ³.©I° ª « ¶!«�­
° °DÀ�É:¶G©E²K« ¶!­	®�±�­	´�±�«�É�À7´]·8¸&¹�­	®�¯�³�È�´�À�±7¯E³.¶ «!Æ
Ç ®�«G¶ ­
° ° ­	¶!ª À7®Iª ®�« ¶ ´	¯�³	¶ ª À7®�«�ª ®/¶ ©�ª «�¬4­.®�¯�­
°�­	´�²-È�´
À3Ë�ª ±�²�±1É�À7´]ª ®E«G¶ ­
° ° ­	¶!ª À(®�«D¶G©E­	¶8±�À�®�À7¶D´�²
é7¯Eª ´�²�«GÈ�²
³
ª ­�°
È�´�À�³
²
±7¯�´�²
«8É2À3´�®�À�ª «GÍIÀ3´�©�­	ê*­	´�±�À3¯�«�²	®�Ë�ª ´�À3®�¬&².®�¶!«!Æ7¹�À3´�ª ®�« ¶!­
° ° ­	¶3ª À3®-«*¶ ©�­	¶*¬F¯�« ¶8³
À7®-É�À3´.¬�¶!À%¬4À7´�²
« ¶ ´�ª ®�Á�²	®�¶D´�²
é7¯�ª ´�².¬4².®�¶!«�Ä2« ¯�³.©I­
«�Ã�¸&ë�­.´2ì�Å�Î�«!²
²K·^¹�ÏU½�í�í�Ò�»�Î î�Ø�á ä ×�à à × ä ç Þ�Ø�ïKæ
ð�Ù�ç Ý!æ
ñQæ
Ø ä á
è:Þ�Ý
ò Þ�ØNè:Þ�Ý!ñQ×�Ø�Ú
æ ä Þ ã�ä ×�Ø�å�×�Ý3å�á Æ

óõôXö�÷�ø ùûú}üWýÿþ����yôXþ ù���ö����Xö
	

�
� ±�±�²
±�¶ ©�²-¬4À�±�²
°D¾�Ò��4Ã�¿��UÎ(Ê�©�ª ³.©I«G¯�È�È�À7´2¶!«8³
À7®�®�²
³	¶!ª À7®/¶ À1­	®/¸^¶ ©�²	´2®�²	¶*®�²	¶ ÊZÀ7´2ì/¶G©�´�À7¯�Á3©/¶GÊZÀ
µ�¯�ª ° ¶!½�ª ®Ií�¼3Ó1­@«!²
¨��!í�¼�¼3Ó1­
«!²
¨��I­	¯�¶ À�½ ®E²@Á�À7¶ ª ­	¶ ª ®�Á�É ¯�° ° ½�±7¯�È-° ²���¸-¶ ©-²	´	®E².¶�È-À7´2¶ «!Æ%ë�À�±�²
° «8¾�Ñ��&Ä ´�²
° ²@­
«!²
»�Æ í�¼�­	®�±�° ­	¶ ²	´2Å]­	®�±�¾�Ò��4­	´�²-¶ ©�²�À7®�° ÍIº*²	´�ª ²
«8»�¼�½�¾�¼�Ã�¿��<«*¶ ©�­	¶8« ¯�È�È�À7´2¶D¸^¶ ©�²	´	®�²	¶8·Q° À7µ-­
°��<­	¶ ­
Æ
�UÀ7¶ ²�¶ ©�­	¶�¶ ©�²KÃ�¿��U¾�Ò��4ª «8« ¯�È�È-À3´	¶ ²
±�À7®�° Íaµ�Í/¶ ©�²���ª ®�±�À7ÊZ«��1½ µ-­
«!²
±%È�´�À�Á3´�­	¬F¬&²	´�«!Æ
� � ¶ ©�²	´�³
À3´2´
²
³	¶ ª À3®�«�­	®�±�³
° ­	´�ªGÉ�ª ³
­	¶ ª À3®-«�­
«*®�²
³
²
«!«!­	´	Í�Æ

!}ü"	!ö�÷:ü�#%$&�('(	!þ�)WöK÷�þ�*(�Fù

¹�À7´�¬4À7´�²Kª ®�É�À7´	¬4­.¶!ª À7®IÀ7®4º�²	´�ª ²
«�»�¼�½�¾�¼�È�´�À�±3¯�³	¶!«!Î7´�²
É�²	´�¶ À%¶ ©�²
«!²-È�¯�µ-° ª ³
­	¶ ª À3®-«!Æ�Ä ¹�À7´]­-È�¯�µ-° ª ³
­	¶ ª À3®�¶ À
È�´�À�±7¯E³	¶�³
­	¶ ­
° À�Á�®�¯�¬1µ-²	´]³	´
À�«!«!½ ´�²@É�²	´�²	®�³
²�´
²@É�²	´E¶!À � È�È-²	®�±�ª �I·8Å�+
·^¹�Ï<½�¼�,.-/-1½�º�²	´�ª ²
«8»�¼

  
¿�Ã�ë ­	®�±�º@¯�È�È-À7´2¶8º*À�É ¶GÊW­	´�².�<«!².´10�«Dë�­.®�¯�­
°

·^¹�Ï<½�¼�,.-�Ñ1½:ë�²@ÁV­	ÓF­
«!ª ³
  

¿�´�À�Á3´�­.¬1¬&ª ®-Á321²@É�²	´�²	®�³
²-ë�­.®V¯�­@°
·^¹�Ï<½�¼�,-»�¾1½�º�²	´�ª ²
«8»�¼

 
½2¾�¼54Uª Á3©Iº@È-²
²
±�Ã%À3¯�®�¶ ²	´��<«!²	´60�«Dë�­.®�¯-­
°

·^¹�Ï<½�¼��-¼�í�½7��À7´2ì�¬4­@« ¶!²	´��
 
Ç2ÇV¿�Â�ÃU¿�´
À�Á3´�­.¬1¬Xª ®-Á3�a®�ª ¶8·8¯�ª ±�²-¶ À � È�²	´�­	¶!ª À7®

·^¹�Ï<½�¼��-¼�,&½�º�²	´�ª ²
«8»�¼
 

½2¾�¼�­.®�±�»�¼�½ ,-¼�¿�Â�Ã84<­	®�±�½ 4U²
° ±�¿�´�À�Á!´
­.¬1¬4²	´��U«!².´�02«*ë�­	®�¯�­
°
·^¹�Ï<½�¼��-í�,4½E·Q²	®-ª ¯-«��

 
Ã�À(¬F¬1¯�®-ª ³
­	¶3ª À7®�«Dë�À�±7¯�° ²��I«!²	´�02«*ë�­	®�¯�­
°

·^¹�Ï<½�¼��-Ñ�Ñ1½:ÂKÀ�Á�ª ³.¬&­
« ¶!²	´]»�¼
  

º�²	´�ª ²
«�»�¼
 

½�¾�¼�� ,�¼�� ë�ª ³	´(À�¿�´�À�Á3´�­	¬1¬&ª ®�Á�º*À�É ¶GÊZ­	´�².�<«!².´�02«Dë�­	®�¯�­
°
·^¹�Ï<½�¼��-Ñ�Ò1½�º�²	´�ª ²
«8»�¼

 
½2¾�¼�� ,-¼�� ë�ª ³	´�À�¿�´�À�Á3´
­	¬F¬&­	µ-° ²KÃ�À7®�¶ ´�À�° ° ²	´�«921²
É�²	´�².®�³
²-ë�­	®�¯�­
°

·^¹�Ï<½�¼��-Ð�Ò1½�º�²	´�ª ²
«8»�¼
  

¿�Ã�ë:�U²	ËE²
° À7È�¬&².®�¶^º�À�É ¶ Ê<­	´�²�Ä ¿%Ã � ¿�Å;�U«!²	´�0�«*ë�­.®V¯�­
°
·^¹�Ï<½�¼��-»�»�½EÃ�Ç ë�¿�ÂKÇ	Ã�Ç2¨�<8�

 
»�¼�½ � �<º � ° È�©�­.®�¯�¬X²	´�ª ³.�<ª «GÈ�° ­.ÍUº@Í�«G¶ ².¬=�U«!².´�02«*ë�­	®�¯�­
°
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>/? @1A�B1? A�C;D�E6FHGJI�E;K�L.MON P6C�Q R1S S R6QT? U1PVR1P6WVX3R6B�W6Y�R6B�A[Z\R6P1]1R6S_^V`9]1a1]6CbQ7c�E1E�c d�e�f�G�EbI1g�h6i

jlk�m8nporqrs�tun�v�w�x�y w1z[{ro
  |�}�~ v�w�x�y �1� ~5���H�H�r� y �1����y ��� z��8z�w�x1�pz9��� �/� �1�

jlk�m8npor�r�/�Hn�v�w�x�y w1z[{ro
 
nT�/o�� ��� } � ��m�� � ��w�x��p�1�1w���z�w�x��Tz9��� �_� �1�

jlk�m8npor���.��n ~ � � |�} � ~ �T���8�  {ro/n ���8v����  r¡�� �/�/� w�x�y �.�8y zJ �� �b¢�v6¢�zJ�£w �¥¤ w1�pw�x1w � �1w��¦� �/� �6�
jlk�m8npor�r���un�v�w�x�y w1z[{ro


nT�ro |�}§~ �O¨�y z |©� z�y ��y ��� y �.ª � �r«�� � w | x �rª x�� �H� w�x��Tz9��� �r� ���

jlk�m8npor�rs/qHn�v�w�x�y w1z[{ro
 | x �rª x�� �H� ��¬.� w ~©��� � x � � � w�x�z�k5� ��­�~5���   � �£w�x��8z�w�x��Tz���� �r� �1�

jlk�m8npor�r{/qHn�v�w�x�y w1z[{ro

np�ro3® � ¡�� � �1w « j�w � y � z ) ~5���¯�H�r� y �1����y ��� z�� �r«�� � w���z�w�x��Tz9��� �r� �6�

jlk�m8npor°�t��Hn�v�w�x�y w1z[{ro

np�ro |�}�~ v6�����£w }§�rª y � | x � �1w1z�z � x��8z�w�x��Tz[j � y « w

jlk�m8npor°r��tun�v�w�x�y w1z[{ro

np�ro |�}�~ ® ~�} y | v���z�w�x���z���� �/� �1�

jlk�m8npor°���°Hn�v�w�x�y w1z[{ro

np�ro |�}�~ � � �[� | �8z�w�x1�pz[j � y « w

jlk�m8npor°rq/oHn�� � � �  ±� � x§v9w�x1y w1z3{/o  nT�/o\²Tv6�£����w }��/ª y ��³ | x �rª x�� � �8z�w�x1�Tz���� �/� �1�
jlk�m8npor°rs/�Hn7� � �£y ��� ������w   

� | ���roro\� � x§v9w�x1y w1z3{/o  np�/o |�}�~ k � � � ��­ w�x;� �r« w.�8z�w�x��Tz9��� �/� �1�
jlk�m8npors�t��Hn�v�w�x�y w1z[{ro

 
nT�/oH� �£� } � ��m´���1z ��w�x;� �r«�� � w���z�w�x1�Tz���� �/� �1�

jlk�m8npors�t�sHn�v�w�x�y w1z[{ro
 
nT�ro5�8y � ª���� z �£y ��v7¢�z �£w � �8z�w�x1�Tz���� �/� �1�

jlk�m8npors���oHn7� � �£y ��� ������w   
� | ���roro\� � x§v9w�x1y w1z3{/o  

np�ro |�}§~ v6�£� �;« ��x « � �/« w.�8z�w�x��Tz���� �/� �1�
jlk�m8nporsr�/°�n;jl®uk5� �/� � | x �/«�� ����� ª w � �b¢\�� r rx ��µ �6� z�¶rv6�£� ��« �bx « z�¶/jOw � w�x��1��v1 .w1�6y �py �6���£y ��� z
jlk�m8nporsr{/sHn�v�w�x�y w1z[{ro

 
nT�/o |�}§~ � ���(� �/«�� � w�v6 �w6�1y �py �1���£y ��� z

jlk�m8np�ro�t�sHn�v�w�x�y w1z[{ro
 
nT�/o�� �£� | x � �1w6z�z � x;� �r«�� � w���z�w�x��pz9��� �r� �1�

jlk�m8np�ror���un�v�w�x�y w1z[{ro
 
nT�ro�j�w � y � z��  ·V� z ~5��� � x � � � w�x;��z�w�x1�pz9��� �/� �1�

jlk�m8np�ror�/°Hn�v�w�x�y w1z[{ro
 
nT�/o5k5� |8¤ w �u� �£w§� �£�´v9�1� �/� w�x��8z�w�x1�Tz���� �r� �1�

jlk�m8np�rorq/�Hn�v�w�x�y w1z[{ro
 
nT�/o�v6�����£w }§�rª y � ~5��� � x � ��v7¢�z �£w � �8z�w�x1�Tz���� �r� �1�

jlk�m8np�r�rs/�Hn�� ~�| ��� | ®.� ¡�w�x � w�� ~5���¯�H�r� y �1�b�£y ��� z3� � x;� ¡;w�v�w�x�y w1z3{ro�¸5np�ro |�}�~ v6�£���£y ��� ��� � � ª w�x;��� �r� �1�
jlk�m8np�r�r°/{Hn�v�w�x�y w1z[{ro

  |�}�~ � � z �£�1� � ����y ����¤ w1¹ � y x�w � w � ��z[� � x ~©��� � � x � � � �1w.� � v1��� ��« ��x « z
jlk�m8np���.���±n_� � �£y ��� �����£w.�8v6���ro�tu� � xVv�w�x�y w1z[{ro  np�ro |�}�~ z���z�w�x1�pz9��� �/� �1�
jlk�m8np���.�/��n;�[w �  .w�x���� � x�w ~5��� � x � ��� �r«�� � w§� � x�� ¡�w�v9w�x�y w1z[{ro  nT�/o |�}�~ �8z�w�x��Tz���� �r� �1�
jlk�m8np�rq����Hn�� ~�| ��� | ®.� ¡�w�x � w�� ~5���¯�H�r� y �1�b�£y ��� z3� � x;� ¡;w�v�w�x�y w1z3{ro  |�}�~ ��z�w�x��pz9��� �/� �1�

Sinnamon Road Sinnamon Park SPS SP181 Backup Generator Operation and Maintenance Manual (SE Power)

Q-Pulse Id TMS567 Active 13/12/2013 Page 233 of 393



º9»�¼�½�¾b¿1À�Á6Â Ã/Ä Ä

ÅuÆ©Ç.È©É�Ê�Ë�Ì Í�Î�Ê�Ë�Î�ÏTÊ�ÐÒÑ.Ó�É�Æ©Ê�Ô©Ê�Ë�ÏTÊ�ÕHÖ.×�Ø�Ù�×"ÚOÛ
Å:ÜJÜÝÜJÜJÜÝÜJÜJÜJÜÝÜJÜJÜÝÜJÜJÜJÜÝÜJÜJÜÝÜJÜJÜJÜÝÜJÜJÜÝÜJÜJÜJÜÝÜJÜJÜÝÜJÜJÜJÜÝÜJÜJÜÝÜJÜJÜJÜÝÜJÜJÜÝÜJÜJÜJÜÝÜJÜJÜÝÜJÜJÜJÜÝÜJÜJÜJÜÝÜJÜJÜÝÜJÜJÜJÜ�Ì�Ø�Ì
Þ§ß�à�áOâ/ã�äÝå¯æ.â_ç£èJã�é�ê[âuë�à_ç£äÝà_ã�ì�í9îbï9í�ælðVñ�ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò�ó6î1ó
ô ã�ã�à_õ�ö�÷ÝäÝø�ù8âHáOâ/ã�äJåuë�à_ç£äJà/ã�ì�í9îbï9í�æ.ðVñúë�û�ã�èÝà/õ:ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò�ó6î�ü
ýþß�â_è;à/÷Jã�àHÿ
é���÷���ö�à�ø�à_à���à��8èÝé�õ�â��9àHèÝß�äÝã�ö9â/ã�äÝåHã�û�ã�èÝà/õúê���ø�å_èÝäJé�ø�â_÷	�±ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò�ó6î�

ýþß�â_è;äJê5èÝß9àHâ��
�9÷ÝäÝå_â_èÝäÝé�ø8ç£à�����äÝç£à/ã�õ�é�çbàHèÝß9â/ø8ê£ä��9àHõ�é����9÷Ýà/ã���ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò�ó6î�

ýþß�â_è;äJê5èÝß9àHâ����9÷ÝäÝå_â_èÝäÝé�ø8ç£à��
�9äJç�à_ã�õ�é9ç£à�èÝß�â/ø8èÝà/ø�õ�é����9÷Ýà_ã���ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò�ó6î��
ýþß�â_è;äÝã§èÝß�à��
äJê£ê£à_ç£à/ø9å_àHá\à_èÝÿ�à/à/ø����
�9â/ø�ã�äÝé�ø8â_ø����\à/õ�é9èÝàHö�â_ã�à���÷pâ_èÝà/ã��[ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò�ó6î��
ýþß�â_è;äJê��lø�à/à���èÝé�å/é
�9à/ç3õ�é9ç£àHèÝß�â/ø���í9í�ê£à_à_è! £ü[ó6ï�õ�à/èÝà/ç£ã�"#�Oò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò�ó6î�ì

ÅuÆ©Ç.È©É�Ê�Ë�$ %'&©Õ7É�Ç!()(TÇ.É�ÏTÑ*& ÜJÜJÜÝÜJÜJÜÝÜJÜJÜJÜÝÜJÜJÜÝÜJÜJÜÝÜJÜJÜJÜÝÜJÜJÜÝÜJÜJÜÝÜJÜJÜÝÜJÜJÜJÜÝÜJÜJÜÝÜJÜJÜÝÜJÜJÜJÜÝÜJÜJÜÝÜJÜJÜÝÜJÜJÜJÜÝÜJÜJÜÝÜJÜJÜÝÜJÜJÜÝÜJÜJÜJÜÝÜJÜJÜÝÜJÜJÜÝÜJÜJÜJÜÝÜJÜJÜÝÜJÜJÜÝÜJÜJÜÝÜJÜJÜJÜÝÜJÜJÜÝÜJÜJÜÝÜJÜJÜJÜÝÜJÜJÜÝÜJÜJÜÝÜJÜ+$.Ø�Ì
�\à/å/à_ä��9äÝø�ù8û9é��9ç3ælç£é�����å/èJã�î-,
äpã���â_÷!��ø�ã���à/å/èJäÝé�ø�ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò òTü9î1ó
ælç£à/î�äÝø9ã�èÝâ_÷Ý÷Ýâ_èJäÝé�ø�ñ\ß9à_å���ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò òTü�î1ó
ýþâ/çbç£â_ø9èÝû8ñ\÷Ýâ/äJõ±ã9ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò òTü9î6ó
ýþé�ç#�9äÝø�ù8ÿ�äÝèÝß ërà/çbäÝà/ã§ì�í�î�ï�í�.´é�����÷Jà_ã;ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò òTü�î�ü

/103254!6 7!8�7�9�: 4�;�7�<�= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =�>!? >
@ A!< :�9'6 6 B A*CD9*/10�2+4!6 7'= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =�>*?�E
FG7�HI0�JKB A!CD9!/103254!6 7K= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =�>!? L
@ A!< :�9'6 6 B A*CD9*/10�2+4!6 7�M)<ONP7�;)HQB A!9�6�RG039�;�2S= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =�>*?�T
FG7�HI0�JKB A!CD9!/103254!6 7'M�<ON-7�;�HIB A!9'6�RG039�;�2K= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =�>*?�U
@ VXWY/10�2+4!6 7ZNP7);�HQB AK9�6�RG0�9�;�2�[\03< :�<*= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =�>!?�]
@ A!< :�9'6 6 B A*CD9�A!2�F�7#HY0+J!B A!C�N-7�;)HIB A!9�6�RG039�;�2�<�^_B : `�a�036 23B A!CDbdc�;�7�^�<�= = = = = = = = = = = = = = = = = = = = = = = = = = = = =�>!?�]

á\â/ã�à���÷Jâ/èJàG.�é
�9ø�èÝäJø�ù�ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò òTü�î��
.�é��9ø9èÝäÝø�ù8âHá\â_ã�à���÷Jâ/èÝà�èÝé8âHælâ/ø�à/÷.ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò òTü9î'�
.�é��9ø9èÝäÝø�ù8âHá\â_ã�à���÷Jâ/èÝà�èÝé8âuó6ìOe-�\â/å��±ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò òTü�î��

f ç£é��9ø���äJø�ù8ælçbé�å/à��
�9ç£à_ã�ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò òTü�î1ó�ó
ë�û9ã�èÝà_õ f ç£é���ø
��äÝø�ù8ælçbé�å/à��
��ç£à_ã�ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò òTü�î1ó�ó

g ;�054�A!2�h\0+AK2�4!c�:X05;�<d= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =�>!?�i3i
ë�à/ç£äJà/ã�ì�í9î�ï�í�ælðVñj�\����ä��9õ�à/ø�è f çbé
��ø��9äÝø9ù\ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò òTü9î6ó1ü

RG9�<X7�k*6 9#:�7Zb�9�l�7�: m g ;�0+4�A!2�B A*CK= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =�>!?�i+>
g ;�054�A!23B A!CDi3n3odFG9�c�p!? /10�4�A�:X7�2�RG9�<X7�k*6 9�:X7�<
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =�>*?�i�E
[d;�03CX;�9�HGHI7�; g ;�0+4�A!2�B A*C3= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =�>*?�i�E

.�é��
�9÷Ýàuë�ß9äJà/÷	� f ç£é��9ø
��äÝø9ù
ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò òTü�î1ó'q
b'`!B 7�6 2 g ;�0+4�A!23B A*CD@ A*l�0+;�HQ9�:XB 0+AQl�0+;�hd[�r�<
^�B : `DsPt�:X7�;)A!9�6�[\0+;):Ph�0+A3AK7�c#:�B 05A*<5= = = = = = = = = = = = = =�>*?�i+L
hd[�r�E�T3i�9�A!2�E�T5>Ib�`!B 7�6 2 g ;�054�A!23B A*C-= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =�>*?�i+L
hd[�r�E�U3E3u�hd[dr�E�U+L!u39�A!2�hd[�r�E�]5LIb�`!B 7�6 2 g ;�054�A!23B A*Cv= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =�>!?)i�U
w 2323B :XB 05A!9�6�/103254*6 7'<
^xB : `ybz`!B 7�6 2 g ;�0543A!23B A*COFG7�{�4!B ;�7#HQ7#A�:X<*= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =�>!?�i3U

f à/ø�à_ç£â_÷;ý äÝçbäpø9ù f ��ä��9à_÷päJø�à_ã\ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò òTü�î1ó'�
�
äÝã�å_ç£à_èÝàG��|�}~.�é��
��÷ÝàHñ\é�ø�ø�à/å7èpäJé�ø�.´à_èÝß9é���ã9ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò òTü�î1ó��
ñ\é�ø�ø9à/å/èJäÝé�ø�ã�èÝé���|�}~.�é��
��÷Ýà�ÞVà_ç£õ�äÝø�â/÷;á\é�â/ç��9ã\ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò òTü�î1ó��
Þ§à_ç£õ�äÝø9â/÷;á\÷Ýé9å����x��äÝå���ñOé�ø�ø�à/å7è!��ø�ã�èÝâ/÷J÷Ýâ_èÝäÝé�ø8ê£é�ç�ó�
�î�ælé�äÝø�èK�
äJã�å/çbà/èJàG.�é��
�9÷Ýà_ã\ò ò ò ò ò ò ò ò ò ò òTü�î1ó6ì
�bø9ã�èÝâ/÷Ý÷Ýâ_èÝäÝé�ø�é9ê3ï9ü�î�ælé�äÝø�èK�
äÝã�å_ç£à7èÝà��
��í�î�æläÝø�ñ\é9ø�ø�à/å/èJé�çP.�é
���9÷Ýà/ã�ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò òTü�î1ó6ì

r�<XB A*CO��7�B 2�HG4!6 6 7�;K�*n3i5>3>!U�EDNP7�;)HQB AK9'6�RG6 0�c#p_= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =�>*?�i3n
r�<XB A*CD9 g 7#A!7�;�B c�NP7�;)HQB A!9�6�RG6 03c�py05;�b': ;�B k\= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =�>!? >!�
��B ;�7�c�:
/17�: `!032�= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =�>*? >*�

�bø9ã�èÝâ/÷Ý÷Ýâ_èÝäÝé�ø�é�ê��¯äÝã�å_ç£à_èJà¯ï9ü�î�ælé�äÝø�è����_�9â/÷;ü
q�î�æ.äÝø�ñ\é�ø�ø�à_å/èJé�çO.´é����9÷Jà/ã�ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò òTü�î�ü�í
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�3� � � �'�5��� �5�d���'�G�	���K���*�S�	�'��� ��� � �'��� �������'�� O�'���'¡!�'���P¢D�'�'£�����¤\¥
£'¦�£'����§
����§ ¨�©�ª!�+����«�¬'­

®°¯ ± ²y³�´Sµ�¶!µ�·�¯ ¸�¹Pµ�·)ºQ¯ ¶!³�»�¼G» ½3¸�¾�¿5À'± ·�¯ Á-Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â�Ã*Ä Ã!Å
Æ�¯ ·�µ�¸�±
Ç1µ�± ²!½3È�Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â�Ã*Ä Ã*É

ÊxË�Ì�Ë�Í�Î�ÏKÐ°Ñ�Í#Ñ�Ì
Ò�Ó1Ë�Ô�Õ
Ö�×
ØZÙ�Ö�ÍPÚxÌ�Î�Ï�Ö�Ò�ÓÛÖ�×�ÜÝÏ�Ë�Ø!Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ)ß�à�ß�á
ÚxÌ�Î�Ï�Ö�Ò�â�Ì�ã�Ü�ÔKÓÛÖ�×�Ü�Ï	ËGÐ°Ñ�Í#Ñ�Ì�Ò�Ó1Ë�Ô�Õ
Ö�×�Ø�Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ)ß
à#ßOá

ä�åX¯ ¶*æD³Z´�µ#¶!µ�·�¯ ¸�¹Pµ�·)ºQ¯ ¶!³�»�¼G» ½3¸�¾y½5·�À'± ·�¯ Á\Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â�Ã!Ä Ã!É
Æ�¯ ·�µ�¸�±
Ç1µ�± ²!½3È�Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â�Ã*Ä Ã*É
¹v¼Gç�è�¶!½+±Ýé�µ�¸�½�ºGºIµ#¶!È3µ�È�ê�½+·!ë�¶!³�» ½�æ�Ç1½�È+ì!» µ�åvÂ Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â�Ã!Ä Ã�Ã

ÚxÌ�Î�Ï�Ö�Ò�íxÜ�Ô	ã�Ü
ÔKÓ1Ö�×
Ü
Ï�Ë�Ð°Ñ�Í�Ñ	Ì�ÒîÞ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ)ß�à�ß�ß
´Sµ�¶Kµ�·�³�»�Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â�Ã*Ä Ã3Ã
ä�åX¯ ¶*æD³Z´�µ#¶!µ�·�¯ ¸�¹Pµ�·)ºQ¯ ¶!³�»�¼G» ½3¸�¾y½5·�À'± ·�¯ Á\Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â�Ã!Ä Ã�Ã
Æ�¯ ·�µ�¸�±
Ç1µ�± ²!½3È�Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â�Ã*Ä Ã3Ã
¹v¼Gç�è�¶!½+±Ýé�µ�¸�½�ºGºIµ#¶!È3µ�È�ê�½+·!ë�¶!³�» ½�æ�Ç1½�È+ì!» µ�åvÂ Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â Â�Ã!Ä Ã�Ã

Ú_ïjð-Ö�ñ_Ë�ÍDòvÖ�Ü
Í�ó�ËGïDÖ�Ì
Ì
Ë�ó�Ô�Ñ	Ö�Ì
Ø!Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ)ß
à�ß�ô
Úxïõâ�Ì�ã�Ü
Ô!Ð°Ñ	Í�Ñ�Ì�Ò�Ô�Ö�Ú_ïSö	÷xïjð-Ö
ñxË�ÍDòvÜÝã�ã�Ï	Ñ�Ë�Ø_Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ)ß�à�ß�ô
ð-Ö�ñxË�ÍDòvÜ�ã�ãÝÏ�ø�íxù
Ë�Í�ù
Ö�Ï�Ô�Î�Ò
ËGð-Í�Ö�Ô	Ë�ó�Ô�Ñ	Ö�Ì�÷xË�ùÝÑ�ó�Ë�ØÝÞ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ)ß
à�ß�ú

ò3ã�Ë�ó�Ñ	Î�ÏKâ#Ì
Ø�Ô�Î�Ï�Ï�Î�Ô�Ñ	Ö�Ì�â�Ì�Ø�Ô�Í�Ü�ó�Ô�Ñ	Ö�Ì�Ø�Ù�Ö�ÍOû*Ï�Ö�Î�Ô�Ñ	Ì�Ò�üxË�Ü�Ô�Í�Î�ÏKý�â�þ�ÿSòvø
Ø�Ô�Ë��yØ�Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ)ß�à�ß��
÷xË�Ù�Ñ	Ì
Ñ�Ô�Ñ�Ö�Ì�Ö
ÙOû*Ï�Ö�Î�Ô�Ñ	Ì�Ò�üxË�Ü
Ô�Í#Î�Ï�òvø
Ø�Ô�Ë��yØ!Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ)ß�à�ß��
� Ø�Ë�þ�Õ�Ë�Ø�ËIòvã�Ë�ó�Ñ�Î�ÏKâ�Ì�Ø�Ô�Î�Ï	Ï�Î�Ô�Ñ�Ö
Ì�â�Ì�Ø�Ô�Í�Ü
ó�Ô�Ñ�Ö�Ì
ØZÙ�Ö
ÍOû*Ï�Ö�Î�Ô�Ñ�Ì�Ò�üxË�Ü�Ô�Í�ÎzÏ�òvøÝØ�Ô�Ë��yØ�Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ)ß�à�ß��

÷_ïjð-Ö�ñ_Ë�ÍDòvÖ�Ü
Í�ó�ËGïDÖ�Ì
Ì
Ë�ó�Ô�Ñ	Ö�Ì
Ø!Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ)ß
à�ß��
÷xïõâ�Ì�ã�Ü
Ô!Ð°Ñ	Í�Ñ�Ì�Ò�Ô�Ö�Ú_ïSö	÷xïjÎ�Ì
×�÷xïDà�í_Ì�Ï�ø�ð-Ö
ñxË�ÍDò3Ü�ã�ã�Ï	Ñ�Ë�ØPÞ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ)ß�à�ß��
� ß�ú
	x÷_ïjíxÜ
Ô�ã�Ü
ÔKý�Ú_Ï�Ï�òvÜ�ã
ã
Ï�Ñ�Ë�Ø�ÿÝÞ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ)ß�à�ß��

� Î�Ø�Ñ�óGâ�Ì�Ø�Ô�Î�Ï�Ï�Î�Ô	Ñ�Ö�Ì�ð*Í�Ö�ó�Ë�×
Ü
Í�ËQÞ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ)ß�à�ß�


��������������� ����� ����!"�������$#%#%#&#%#%#%#&#%#%#&#%#%#%#&#%#%#&#%#%#&#%#%#%#&#%#%#&#%#%#%#&#%#%#&#%#%#&#%#%#%#&#%#%#&#%#%#%#&#%#%#&#%#%#%#&#%#%#&#%#%#&#%#%#%#&#%#%#&#%#%#%#&#%#%#&#%#%#&#%#%#%#&#%#%#&#%#%#%#&#%#%#&#%#%#&#%#%#%#&#%#%#&#%#%#%#&#%#%#'��(�)
� Î�Ø�Ë�ã�Ï	Î�Ô�Ë�þ�ø
ã
Ë�ØSÞ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ�ô�à�á

ïDÖ��*�yÖ�Ì � Î�Ø�Ë�ã
Ï�Î�Ô�Ë�û-Ë�Î�Ô�Ü
Í#Ë�Ø�Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ)ô�à�á
þ�ñ_Ö � Î�Ø�Ë�ã
Ï�Î�Ô	ËIòvÑ&+�Ë�ØdÞ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ)ô
à#ß

� Î�Ø�Ë�ã�Ï	Î�Ô�Ë�þ�Ë�Í,�yØ-Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ�ô�à�ô
ïSð �-� Î�Ø�Ë�ã
Ï�Î�Ô�Ë�ØdÞ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ�ô�à�ú

. �0/�Ë�×
×�Ë�×�ïSð �-� Î�Ø�Ë�ã�Ï	Î�Ô�Ë�ØZý�û!Ñ�Ò
Ü�Í�Ë�Ø�ô�à�ßyÎ�Ì�×�ô�à�ô�ÿOÞ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ)ô�à�ú
Ó1Ö�×
Ü
Ï�Î�ÍOïDð �-� Î�Ø�Ë�ã
Ï�Î�Ô	Ë�Ø�ý�û-Ñ�Ò
Ü
Í�Ë�ØZô�à�ú�Î�Ì�×�ô�à1��ÿSÞ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ)ô�à1�
.32 ã�Î�Ì�Ø�Ñ�Ö�Ì � Î�Ø�Ë�ã
Ï�Î�Ô	Ë�Ø�ý�û*Ñ�Ò
Ü�Í�Ë�ØZô�à1��Î�Ì
×yô
à1��ÿOÞ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ)ô
à1�
4 Ë��yÖ�Ô	Ë � Î�Ø�Ë�ã�Ï�Î�Ô�Ë�ØZý�û*Ñ�ÒÝÜ�Í�Ë�Ø�ô�à5
SÎ�Ì�×�ô
à76
ÿ�Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ)ô�à5

â#ö�í � Ü�Ø .32 ã
Î�Ì�Ø�Ñ	Ö�Ì�ïSÎ�/�Ï	Ë�Ø!Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ)ô�à�á98
÷xÑ�Ù�Ù#Ë�Í#Ë�Ì�ó�Ë�Ø � Ë�Ô�ñxË�Ë�Ì 4 Ë��yÖ�Ô�ËGÎ�Ì
× .32 ã�Î�Ì
Ø�Ñ�Ö
Ì 4 Î�ó�:
ØKÞ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ)ô�à�á�á

ÓÛÑ 2 Ñ�Ì�Ò .32 ã�Î�Ì�Ø�Ñ�Ö
Ì�Î�Ì�× 4 Ë��yÖ
Ô�Ë � Î�Ø�Ë�ã
Ï�Î�Ô�Ë�Ø�Ñ	Ì�ÎIòvø
Ø�Ô�Ë�� Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ)ô
à'á
á
þ�Ë�Í,�yÑ�Ì
Î�Ô�Ñ	Ö�Ì 4 Ë�;�ÜÝÑ�Í�Ë��yË�Ì�ÔKÙ�Ö
Í .32 ã�Î�Ì�Ø�Ñ	Ö�Ì�Ö�Í 4 Ë��yÖ�Ô�ËIò3ø
Ø�Ô�Ë�� Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ)ô
à�á'ß
ð*Ö�ñxË�Í�Ñ�Ì�Ò�÷xÖ
ñxÌ�â�Ì�×�Ñ	ù
Ñ�×�Ü�Î�Ï .32 ã
Î�Ì�Ø�Ñ�Ö
Ì�Ö
Í 4 Ë��yÖ�Ô�Ë � Î�Ø�Ë�ãÝÏ�Î�Ô�Ë�Ø_Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ)ô�à�á'ß
ò3Ë�Í�Ñ	Ë�Ø<6�8
à#ô�8�ð>=�ï � Î�ó�:
ã
Ï�Î�Ì�Ë_Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ)ô�à�á'ß
4 Î�ó�:�ü_Ü?�0/�Ë�ÍO÷_â�ð ò3ñxÑ�Ô�ó�Õ�Ö�Ì .32 ã
Î�Ì
Ø�Ñ�ÖÝÌ�Î�Ì�× 4 Ë��yÖ�Ô�Ë � Î�Ø�Ë�ã
Ï�Î�Ô�Ë�ØKÞ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ)ô
à'á�ô
.�2 ã�Î�Ì�Ø�Ñ�Ö�Ì�Î�Ì�× 4 Ë��yÖ�Ô�Ë � Î�Ø�Ë�ã�Ï	Î�Ô�ËzØ�ïDÖ
Ì�Ì�Ë�ó�Ô�Ñ�Ö
Ì .32 Î��yã
Ï�ËZÞ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ)ô
à'á5�
� Î�Ø�Ë�ã�Ï�Î�Ô�ËGÓÛÖ
Ü�Ì
Ô�Ñ�Ì
Ò�÷xÑ&�yË�Ì�Ø�Ñ�Ö�Ì�ØZÞ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ)ô
à�á9�

. �0/�Ë�×�×�Ë�×�ïSð � ý�ô�á
á9@�ôOá'ô�@
Î�Ì�×�ô
ß�ô
ÿ � Î�Ø�Ë�ã
Ï�Î�Ô�ËG÷xÑ&�yË�Ì
Ø�Ñ�Ö
Ì�ØSÞ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ)ô
à'á5�
Ó1Ö�×
Ü
Ï�Î�ÍOïDð � @ .�2 ã�Î�Ì
Ø�Ñ�Ö�Ì�@�ÎzÌ�× 4 Ë��yÖ
Ô�Ë � Î�Ø�Ë�ãÝÏ�Î�Ô�ËG÷_Ñ&�yË�Ì�Ø�Ñ�Ö
Ì
Ø�Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ Þ)ô
à�á�
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¿ªÀ Á[À ÂiÃrÄ À Å�Ã\Á[ÅHÆJÇ Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç[È"É"Ê.ÈbË
ÌRÍ�ÎpÏ$Ð ÌiÑ�Ð�Ò�Ñ2Ó9Ô/Ô7Õ�Ñ�ÍqÓ9Ö	×$Õ'Ø�Ù	ÚGÏ$Ó�×$×$Ó�Ï:Û$Ð	Ù/Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü[Ý�Þ	ß�Ý�à

ØHÍqá	â�Þ	Í�ã�ä�å	Þ	à æªÐ	Ñ2ç,Ô7Ó9Ú[Ï$Õ9ÑrØHØRè2Ìêé0ë$ì�írÏ$Ð ÌRÍqÎ�î�ï�ð�Íqî	Í�ÎBÎpÍ�Ó9Ö,×.Õ�Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü[Ý�Þ	ß�Ý�á
ñ	ò"Âió�ô2À õ\Â/õ0ö ó�Å�÷Pø ù0Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç�È"É9Ê.È"ú
û ÅD÷Pø ù�ü�ýPù�ó�À ö.À ó�Å�ô\À õbÂiþ9Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç�È"É9ÊDÈ9ú
¿ªÀ Á[À ÂiÃrÄ À Å�Ã\Á[ÅHÆJÇ Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç[È"É"Ê.È"ú

ÌRÍ�ÎpÏ$Ð ÌiÑ�Ð�Ò�Ñ2Ó9Ô/Ô7Õ�Ñ�ÍqÓ9Ö	×$Õ'Ø�Ù	ÚGÏ$Ó�×$×$Ó�Ï:Û$Ð	Ù/Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü[Ý�Þ	ß�Ý�å
ØHÍqá	â�Þ	Í�ã�ä�å�Ý�ÿ�ï�Î���×$Ï$Û���Ñ2Ð�� ÍqÓ�Ö	×$Õ Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü[Ý�Þ	ß�Ý��

� ò9ÁDýiõ"þ�ù0Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç�È"É"Ê.È	�
ü�ýPù�ó�À öDÀ ó�Å�ô�À õGÂiþ	Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç�È9É"Ê.È
�
� û ú	�"É û�
���� È\Ë
���wòiø ô2À Ê ÄêÁ�õ\ý û Å�÷iø ùi¿�À Á[À ÂiÃrÄ�À Å�Ã\Á[ÅHÆJÇ Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç�È"É9Ê.È
�

Í�Ð	Ù	Ù�Õ	�9Ï:Û$Ð	Ù ðzÛ$Ó9Ò�ÑHÓ9Ô7Ú��HÐ	ÑrØ�Í�á�â	Þ	Í�ãqä)å�Ý�ÿ	ï�Í�Ó9Ö�×$ÕiÜ Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü[Ý�Þ	ß�ì	Þ
ØHÍqá	â���Í�ã�ä��	Þ	Þ�ë��	Þ�Ý[ë��	Þ	ì�ë���Ý�ì�ë���Ý���ë���Ý�ÿ Ø�ë�� ã��	Ú�� �!�	Ó9Ù�Ú[Û:Ð	Ù�Í�Ó9Ö�×$Õ�Ú<Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü Ü[Ý�Þ	ß�ì	ì

Ä ù�þ�ó�Á[À ý"ô�À õbÂ?Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç�È9É"Ê "
"
û ÅD÷Pø ù � ùHÂiÃ\ô #PþbÇ Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç Ç�È"É9Ê "	"
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ã�ç
Ì�Í#Î�Ï�Ð@Ñ�Ñ1Ó&Ñ�Ô ß�Ð"×�ÙFÜ�à�Í¡Ï7á Ü�è�é�ê�Ú�Ð"×�ë
à�Ú�Ð#×�Û�Í#â"Ð2á�Í"×�ì�á Ü�è�é�Í#×�Ö�ÙFÜ�à,Ì�Í#Î�Ï�Ð8Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô ÔFÑ�Ñ1Ó
í
Ì�Í#Î�Ï�Ð@Ñ1Ý�Ó&Ñ�Ô ß�Ü�î�Ð#×�ï�ê�é�é�Ï�ð,ñ�Ð"Í"Ú�ê�×�Ð2á�Ü�è�é�Í"×�Ö�ÙEÜ�à,Ì�Í#Î�Ï�Ð6Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô ÔFÑ1Ý�Ó
ã
Ì�Í#Î�Ï�Ð@Ñ1Ý�Ó
Ý�Ô ò±Í#ó�Ö�è�ê�èõô�ê�è@Î�Ð#×�Ü�Û�ò²Ü�ì�ê�Ï�Ð"ÙAß7Ð#×�ï�ð�ÙFÚCÐ#è¢Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô ÔFÑ1Ý�Ó&Ñ�Ñ
Ì�Í#Î�Ï�Ð@Ñ1Ý�Ó
ç�Ô Ø�Ü�Í#ì�æ�Ð#ö�ê�ÖC×�Ð#è�Ð#à�ÚCÙ�÷�Ö�à�è�Ö/ÏCÏ�Ö�Í"è@é�ÙFø�Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô ÔFÑ&Ý�Ó&Ñ1Ý
Ì�Í#Î�Ï�Ð@Ñ1ç�Ó&Ñ�Ô ñ�ê�ÙFÐ2Ø�Ö�ÙEÚ7Û�Ü�×=ï�Ð"×�ÖCÐ#Ù�ù�Ò�Ó
ç�Ò�ò±Ü�ì�ê�ÏCÐ"Ù>Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô ÔFÑ1ç�Ó
ã
Ì�Í#Î�Ï�Ð@Ñ1ç�Ó
Ý�Ô�ï�é�Í#×�Ð#ú�æAÐ#é�Ï�Í#â"Ð#è�Ð#à�Ú7ß)Í"×�ÚCÙ�Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô ÔFÑ1ç�Ó
í
Ì�Í#Î�Ï�Ð2û�Ó&Ñ�Ô á�Ü�à�à�Ð"â"Ú/Ü�×�úCá�Í#Î�ÏCÐüï�é�Ð"â#ÖCÛ�ÖCâ#Í#ÚCÖ�Ü�à3Ù=Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô�û�Ó
Ý
Ì�Í#Î�Ï�Ð2û�Ó
Ý�Ô�ï�Ð"×�ÖCÐ#Ù�ù�Ò,ß�Ø6á�ý�æ�ï�Ó
Þ�Ý�Ý�ï�Ð"×�Ö�Í"Ï7ß)Ü�×�Ú7ß7Ö/à�Ó�Ü�ê�Ú�Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô�û�Ó
Þ
Ì�Í#Î�Ï�Ð2û�Ó
ç�Ô Õ¥Ü�×�þ�è�Í#ÙEÚ�Ð#×�æ�ï�Ó
Ý�ç�Ý�ï�Ð#×�ÖCÍ#Ï'ß�Ü�×�Ú'ß)Ö�à�ÙFÓ
Ü�ê�Ú#Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô�û�Ó
ÿ
Ì�Í#Î�Ï�Ð2û�Ó
Þ�Ô ë�ä ò Ó
û�Ì�ú���Ì�ï�Ð#×�Ö�Í"Ï7ß�Ü�×�Ú7ß)Ö�à�ÙEÓ�Ü�ê�ÚIÔ Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô�û�Ó
ã
Ì�Í#Î�Ï�Ð2ä�Ó&Ñ�Ô æ�ï�Ó
Ý�ç�Ý�ë
à�Ú�Ð"×�Û�Í#â#Ð=Û�Ü�×�á�Ü�à���Ð#×�ÚCÐ#×�Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô ÔEä�Ó
Þ
Ì�Í#Î�Ï�Ð2ä�Ó
Ý�Ô æ�ï�Ó
Þ�Ý�Ý�ú�æ�ï�Ó
Þ��1ÿ�ë
à�Ú�Ð"×�Û�Í#â"Ð2Û�Ü�×�á�Ü�à��3Ð#×�Ú�Ð#×IÔ Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô ÔEä�Ó
ÿ
Ì�Í#Î�Ï�Ð2ä�Ó
ç�Ô	�Fê�è�é�Ð#×�á�Ü�à�Û�Ö�
3ê�×�Í#ÚCÖ�Ü�à�Û�Ü�×�æ�ï�Ó
Þ�Ý�Ý�ú�æ�ï�Ó
Þ��1ÿ�Ú�Ü�æ�ï�Ó
Ý�ç�Ý�á Ü�à��3Ð#×�Ú�Ð#×�Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô ÔEä�Ó��
Ì�Í#Î�Ï�Ð2ä�Ó
Þ�Ô�ï�é�Ð"â#ÖCÛ�ÖCâ#Í"Ú�Ö�Ü�à3ÙAÛ�Ü�×�ë�á ã�ù�Ò�û�á á�ù�Ò�Ò�á Ü�à���Ð"×�Ú�Ð#×�Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô ÔEä�Ó
ù
Ì�Í#Î�Ï�Ð2á�Ó&Ñ�Ô ë
ÙFÜ�Ï�Í#ÚCÐ#ì�æ�Ð#é3Ð#Í#Ú�Ð"×�ú�á Ü�à���Ð"×�ÚCÐ#×�ß)Ö�à�û�ÙEÙFÖ�
�à�è�Ð#à�Ú�Ù2Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô ÔEá�Ó
Þ
Ì�Í#Î�Ï�Ð�
�Ó&Ñ�Ô ò±Ö�à�Ö�â#Ü�à��3Ð#×�Ú�Ð"×�æ�ï�Ó
Ý�ç�Ý�ß�Ü�×�Ú)Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô�
�Ó
Ý
Ì�Í#Î�Ï�Ð�
�Ó
Ý�Ô ò±Ö�à�Ö�â#Ü�à��3Ð#×�Ú�Ð"×�æ�ï�Ó
Þ�Ý�Ý�ß�Ü�×�Ú)Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô�
�Ó
Ý
Ì�Í#Î�Ï�Ð�
�Ó
ç�Ô ò²ÖCà�Ö�â#Ü�à��3Ð#×�Ú�Ð"×�ï�é�Ð"â"Ö�Û�Ö�â"Í"Ú�Ö�Ü�à�Ù>Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô�
�Ó
Þ
æ�ï�Ó
Þ��1ÿ�á�Ü�à�à�Ð"â#ÚCÜ�×�Ù)Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô ��Ó
Ý
Ì�Í#Î�Ï�Ð���Ó&Ñ�Ô Ì�ä�å>á Ì9Ð#×�è�Ö�à�Í#ÏIä�Ï�Ü�â"þ�ï�Ð#Ï�Ð#â¡Ú/ÖCÜ�à,Ì�Í#Î�Ï�Ð>Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô���Ó
Ý
Ì�Í#Î�Ï�Ð2ë�Ó1Ñ�Ô�á Ü�à�à�Ð#â#Ú�Ü3×�Í#à3ì�á�Í#Î�Ï�Ðüï�é�Ð"â#ÖCÛ ÖCâ#Í"Ú�Ö�Ü�à�Ù Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô ë�Ó�Ý
Ì�Í#Î�Ï�Ð��,Ó&Ñ�Ô�ï�Ú�Í#à�ì�Í"×�ì�û ï�á�ë
ë8÷�û�è�Ð#×�Ö�â#Í#à�ï#Ú/Í"à�ì�Í#×�ì�á Ü�ì�Ð2Û�Ü�×�ë
à�Û�Ü�×�è�Í"Ú�Ö�Ü�à�ë
à�Ú�Ð#×�â���Í#à�
�Ð"ø�á Ü�ì�Ð#Ù�Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô���Ó&Ñ
Ì�Í#Î�Ï�Ð���Ó�Ý�Ô û�Õ��®Ú�Ü�ò±Ð#ÚC×�Ö�â2Õ¢Ö/×�Ðüï�Ö��"Ð2á Ü�à���Ð"×�ÙEÖ�Ü�à Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô���Ó
Ý
Ì�Í#Î�Ï�Ð���Ó�ç�Ô�á Ð#Ï�ÙEÖ�ê�Ù�Ú�Ü�ñ)Í���×�Ð#à���Ð#ÖCÚ7á�Ü�à���Ð#×�ÙEÖ/Ü�à�Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô���Ó
ç
Ì�Í#Î�Ï�Ð���Ó�Þ�Ô	��Ð#à�Ð"×�Í"Ï'á�Ü�à���Ð#×�ÙEÖ�Ü�à3Ù2Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô���Ó
Þ
Ì�Í#Î�Ï�Ð���Ó�ÿ�Ô Ø�Ð#à�
3Ú�����ö�ê�Ö���Í#Ï�Ð"à�Ú�Ù)Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô���Ó
ÿ
Ì�Í#Î�Ï�Ð���Ó�ã�Ô û�×�Ð#Í��6ö�ê�Ö���Í#ÏCÐ#à�ÚCÙ=Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô���Ó
ÿ
Ì�Í#Î�Ï�Ð���Ó�í�Ô	�,Ü3Ï�ê�è�Ð���ö�ê�Ö���Í#Ï�Ð"à�Ú�ÙAëIÔ Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô���Ó
ã
Ì�Í#Î�Ï�Ð���Ó���Ô	�,Ü3Ï�ê�è�Ð���ö�ê�Ö���Í#Ï�Ð"à�Ú�ÙAë�ë"Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô Ô���Ó
ã
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·�¶�Ì�� Õ/ö(µ0È��FÉ�¹ Ð�É�¹fË3µ1Ì�É�Æ ·�Ê�Ç��0È µ�É�¶�Ì�º�¹V¹ Í�·FË�µ1Ì0É�Æ ·*·@¶�Ì�ÕOÖ9·�·*õ�öf÷qø Ø Ä�½1Ä1Ç\Ù1Ú�Û�Ü Ú�Ý�Þ1ß1à4á1ßLâ+ã(äKå4æ�ç
èêé1ë�ì1í ÚEÙ0î+Ú�ï�Ü ð\Ü ï�ñ1ò Ü é�ó1Ý��fÏ�µ�ÈAË3µ�È ·*Ê%Í�Ò ·�Æ Ì��0È µ�É1¶AÌ1Ò ¶���Ò ¶+Ï�µ�È�Ë3º�¹�Ò µ�¶��

�qúEûLü�²Eþ���ú����E¯E°ô²[³��[ü�­�ý�«�¬ «�úEþi°T­L¯'±E²E³Eÿ

´(µ�È4È ·�¸�¹'Ò ¶��>·�Æ ·�¸@¹ È Ò ¸�º�Æ ¶�µ1Ò Ê0·�Ð1È µ�Å+Æ ·@Ë3ÊL¸�º@¶gÊ0µ�Ëa·�¹'Ò Ëa·�ÊVÅ+·Eº�¹ È Ò º�Æ ø�º�¶+Ì1ø�·�È4È µ�ÈAÈ µ�É�¹'Ò ¶�·�Õ��KµBÑv·�Ô�·�È Ç1Ò ¶
�M·�¶�·�È º�Æ Ç1Ò ¹FÒ%Ê���·@¶�·�È º�Æ Æ ÓyÅ+·�Ê%¹�¹�µ��0È µ�É1¶�Ì(¹ Í�·E¸ º�Å+Æ ·*Ê Í+Ò ·�Æ Ì�º�ÊL¸�Æ µ1Ê�·�¹�µ(¹ Í�·*Ê�µBÉ�È ¸�·*µ1ÏM¹ Í�·+¶�µ1Ò Ê0·*º�ÊfÐ+µ1Ê�Ê�Ò Å+Æ ·�Ç
ÑEÍ+Ò ¸@ÍgÒ Ê9É�Ê%ÉAº�Æ Æ Ó3º4¹V¹ Í�·*Ì1·�Ô�Ò ¸�·*·�¶�Ì�ÕO» ¶>¹ È µ�É�Å+Æ ·�Ê%Í�µ1µ0¹�Ò ¶��L¶�µ1Ò Ê�·�Ð1È µ�Å+Æ ·@Ë3Ê0Ç�Ê�µBË3·�¹'Ò Ë�·HÊLÒ ¹�Ò ÊfÅ+·�¶�·�Ï4Ò ¸�Ò º Æ ¹�µ
· 
�Ð+·�È Ò Ë�·@¶M¹fÑKÒ ¹ Í>¹%Í�·*Ê Í+Ò ·�Æ Ì��0È µ�É1¶�Ì1Ò ¶��LÐ+µ1Ò ¶�¹�Æ µ1¸�º�¹'Ò µ�¶AÕ"!O·�Ëa·�ËOÅF·�ÈBÇ�¹ ÍA·E¸�º4Å+Æ ·*Ê Í+Ò ·�Æ Ì�Ê%Í�µ�É�Æ Ì(Å+·
��È�µ0É�¶�Ì1·�Ì�º�¹�µ0¶�·E·�¶�Ì�µ0¶�Æ Ó�Õ"#KÆ Ê�µ1Ç1Ò ¹LÒ ÊfÅ�·�Ê%¹V¹�µ�$�·�·�Ð�¹ Í�·EÆ ·@¶��0¹ Í3µ�Ï�Ê ¹ È Ò Ð�Ð+·�Ì�¸�º�Å+Æ ·EÆ ·�º�Ì1ÊLº�Ê�Ê Í�µ�È4¹�º�Ê
Ð�µ1Ê0Ê�Ò Å�Æ ·�¹�µ(Ë�Ò ¶�Ò Ë�Ò %f·�¹%Í�·*Æ ·@¶���¹ Í3µ�Ï�É1¶�Ê%Í�Ò ·�Æ Ì�·�ÌO¸ µ�¶�Ì�É�¸�¹'µ�È Êf¹ Í�º�¹fÑvÒ Æ Æ Å+·*·&
�Ð+µ1Ê�·�Ì(¹'µ(¹ Í�·�¶�µ1Ò Ê%Ó
·�¶MÔ�Ò È µB¶�Ë3·@¶�¹�Õ�Ö9·�·+¹ Í�·(Ù�Ú�Û0Ü Ú�Ý�Þ1ß1à4á�ß(âFã(äKå4æ�ç�èôé1ë�ì1í ÚEÙ0î+Ú�ï�Ü ð\Ü ï�ñ1ò Ü é�ó�Ýfèêñ1ó�ì1ñ1í �fõ�öf÷qø Ø Ä1½�ÄOÏ�µ�È
º Ì1Ì1Ò ¹�Ò µ�¶�º�ÆVÌ�·�¹�º�Ò Æ Ê0Õ

'qÿ�«�ú[þiû ù ­�úE­L¬�«�®)(E­L¬+*C«�úEû�ü�,Kü�²[®�-�²E¬/.�¯�¬ «0�

421
µ�É�¶�¹Fº+¹'·�È@Ë�Ò ¶�ºHÆVÊ ¹ È�Ò Ð3Ò ¶�Ê�Ò Ì�·+¹ Í�·E¸�µ0¶�¹ È µ1ÆV·@¶�¸�Æ µ1Ê É�È ·Eº�¶�Ì(È4É�¶3º*Ê%Í�Ò ·�Æ Ì1·�Ì�¸�º�Å�Æ ·*Ï È�µ�ËC¹ Í�·+¹'·�È@Ë�Ò ¶�º�Æ
Ê%¹ È Ò Ð>¹�µ�·�º�¸�ÍgÒ ¶�Ð�É�¹�¸�Ò È ¸@É�Ò ¹�µ�¶>¹ Í�·+Ë�µ1Ì�É�Æ ·HÎ�Êf¹'·�È�ËaÒ ¶�ºHÆ Å�µ1º�È Ì(¹'·�È4Ë�Ò ¶�ºHÆ Ê�Õ

4.´/µ0¶1¶�·�¸�¹�·�º�¸�Íg¸�º�Å�Æ ·HÎ�ÊLÊ%Í�Ò ·�Æ Ì(¹'µ(¹ Í�·+Ë�·�¹�º�Æ Ð�º�¶�·�Æ�¶�·�
�¹V¹'µ(¹ Í�·�¹�·�È4Ë�Ò ¶�ºHÆVÊ ¹ È Ò Ð�Õ"3Kµ(¶�µ�¹�¸�µ0¶�¶�·�¸�¹V¹ Í�·
Ê%Í�Ò ·�Æ Ì�ÊLº�¹V¹ Í�·+Ë�µ�ÌBÉ�Æ ·E·�¶AÌ��4¸4É1¹�Ê Í+Ò ·�Æ Ì�µ1Ï�ÏAº�¹fË�µ1Ì�ÉAÆ ·*·@¶�Ì�µ1ÏA¸ º�Å+Æ ·*º�¶�Ì�Ò ¶+Ê É�Æ º@¹'·+ÑKÒ ¹ Í3Ê Í�È Ò ¶�$
¹ É�Å�Ò ¶�����Õ

424RÒ È ·�¹ ÍA·EÏ�Ò ·�Æ Ì�Ì1·�ÔAÒ ¸�·�¹�µ(¹ Í�·+¹'·�È4Ë�Ò ¶+º�ÆVÊ ¹ È Ò ÐOÑvÒ ¹%Ígº*Ê%Í�Ò ·�Æ Ì1·�Ì�¸�º�Å�Æ ·�Ç��0È µ0É�¶�Ì1Ò ¶��L¹%Í�·*Ê%Í�Ò ·�Æ Ì�º�¹V¹ ÍA·
Ì1·�Ô�Ò ¸H·*·�¶�Ì�µ�¶�Æ Ó5�4¸@É�¹FÊ%Í�Ò ·�Æ Ì�µ1Ï4Ï�º@¹�¹�·�È�Ë�Ò ¶AºHÆVÊ ¹ È Ò Ð3·@¶AÌOµ�ÏA¸�º�Å+Æ ·Eº�¶�Ì�Ò ¶+Ê É+Æ º�¹�·+ÑvÒ ¹ ÍgÊ%Í�È Ò ¶6$�¹ É�Å�Ò ¶�����Õ
#KÆ Ê�µ1Ç7$�·�·�Ð�¹ Í�·EÆ ·@¶���¹ Ígµ�ÏA·�
�Ð�µ1Ê�·�Ì��4µ�É�¹'Ê�Ò Ì�·Eµ�ÏAÊ%Í�Ò ·�Æ Ì7�;Æ ·�º�Ì�ÊLº�¹V¹ Í�·�¹�·�È�Ë�Ò ¶�º�ÆVÊ ¹ È Ò Ð3º�¶AÌ�Ì1·�Ô�Ò ¸�·E·@¶�Ì�Ê
ºHÊ�Ê Í�µ�È4¹�º�ÊVÐ+µ1Ê�Ê�Ò Å+Æ ·�Õ

ªq«�¬�­L®�¯E°T­�¯�±E²E³

82!/É1¶gº*Ê%Í�Ò ·�Æ Ì�·�Ì�¸�º�Å+Æ ·EÏ È µBËC¹ Í�·*Ï�Ò ·�Æ Ì�Ì�·�Ô�Ò ¸�·�� ¹ È º�¶�Ê�Ì�É�¸�·�È Ç�Ð�µ�¹'·�¶�¹�Ò µBË�·�¹�·�È Ç1·�¹'¸�Õ �;Ì1Ò È ·�¸�¹�Æ Óy¹�µ(¹ Í�·
Ë�µ�ÌBÉ�Æ ·�Õ

8.´/µ�¶1¶�·�¸�¹V¹ Í�·*¸�µB¶�Ì�ÉA¸�¹�µ�È Êf¹'µ(¹ Í�·*º�Ð1Ð+Æ Ò ¸�º4Å+Æ ·*Ê0¸�ÈB·@ÑKÊ�µ�¶>¹%Í�·+Ë3µ1ÌBÉ�Æ ·�Î4Êf¹'·�È�ËaÒ ¶�º�Æ Å+µ1º�ÈBÌ1Õ
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c

8ed�fhg7ikj�l�m n�o�p n�q o>r l�s&mYm n�o�t&q o+r l�l6o&u�q v+o�o&j�l6w�o&x6y�g6p�q j�zVs�{|q j�q {�i�{}s�{|g�i�j6m�g6t�v+g7j�l7i�v&m�g�f�m~g�m n�o
j�g�q p;��o�j�u�q fhg7j6{�o&j6m�����g"j�g7m�v+g7j6j�o+v&mYm n�o�pLn�q o+r l�s&mYm n�o�{|g6l7i�r o�o�j�l�� v&i6m�pLn�q o+r l�g�t t�s&mY{|g6l7i�r o�o&j�l
g�t�v+s&��r o�s&j�l�q j�pLi�r s&m~o���q m n�p n6fhq j��Vm i6��q j�z��h�

�������}�������5���S�������S�����S�������������� 0��¡�¢£����¤�  ��¥

¦ n�o ¦ o&f {�q j�s>rh§�r g�v&�5¨�i�q v&��©"g�j�j�o+v&m�� ¦ §/¨�©ª��«�p�p�o�{���r �|q p�j�g�mYf+o+v+g�{�{�o�j�l�o+l�t0g7f�i�p�o���q m n5s�j�s+r g6z
{�g�l7i�r o+p�l¬i�o�m�g�v+s&��r o�pLn�q o+r l�q j�z�f¬o+­7i�q fho�{|o�j6m�p��

������ 0��¡�®�¤��~¯�¤���¢�����¤� 0��°²±0�+±0��¡

³ �����S�+�� 

´ s+v&n�g�i6m y6i6mSp n�g¬i�r l���o�v+g�j6j�o+v&m�o+l�i�p�q j�zVs�z6g6g�l�­7i�s>r q mL�5pLn�q o+r l�o+l"��q fho���q mLnVm n�o�v+s&��r o�pLn�q o+r l�z�fhg7i�j�l6o+l
s&m	m n�o�{�g�l7i�r o�o&j�l���µ�o+o�d�¶E·5¸0¹�º6»�º�w\¼�½+¾�¿ ½+ÀSÁ6Â�Ã Ä6Â�Å�Æ"Ç�È&É~Ê�ËÍÌ�Î�Ï6Ð ½�¼�Ñ�½+Ò+¿ Ó\¿ Ò+Ô6Õ ¿ Ì6Ö�À�×Et0g7f�{�g7f+o
q j�t0g7f&{�s&m~q g7j�Ø

Ù�¥�±0��¡�� ³ �����S�+±0�)���S�+��±0���� ��� 0����Ú����/Û����h±0¯

Ü2ÝÞg7i6j6m�s�m~o&f�{|q j�s>rYp m f+q y�q j�p�q l6o�m n�o�v+g�j6m fhg�rYo�j�v+r g�p i6fho�s&j�l�f i6j�s�pLn�q o+r l�o+l�v+s&��r o�t f+g7{�m n�o�m~o&f�{|q j�s+r
pLm fhq y�m~g�o+s+v&n�g�i6m y6i6m�v+q fhv�i�q m�g7jVm n�o�{�g�l�i�r o>ß pYm�o&f&{�q j�s+rh��g�s&fhl�m�o&f {�q j�s+rLp��

Üed�fhg�i6j�l�o+s+v&n�v+s&��r o+ß pSpLn�q o+r l�s&mYm n�o�{|g6l7i�r o�o�j�l�g�j�r ������g�j�g7m�v+g�j�j�o+v&mYm n�o�pLn�q o+r l�pSs&mYm n�o�m�o&f&{�q j�s+r
pLm fhq y�o&j�l�� v&i6m�pLn�q o+r l�pSg�t tªs&mYm�o&f0{�q j�s>rYp m fhq y�o&j�l�g�t�vhs&��r ohpSs�j�l�q j�pLi�r s&m~o���q m n�pLnkfhq jk��m i6��q j�z��h�

Ü2àáq f¬o�m n�o�t q o+r l�l6o&u�q v+o�m~g"m n�o�m�o&f0{�q j�s+rYp m f¬q y���q m n�pLn�q o+r l�o+l�v+s&��r o+p�w6z�fhg7i�j�l�q j�zSm n�o�p n�q ohr l�pSs mYm n�o
m�o&f&{�q j�s>r	p m fhq y�o�j�l�g�j�r ��� v&i6mSp n�q o+r l	pSg6t&tªs&m�t0q o+r l�l�o&u�q v+o�o�j�l�g�t�v+s&��r o+p�s�j�l�q j�p i�r s&m~o���q m n�p n6f+q j6�
m i6��q j�z��+��«�r p�g�w7��o+o&y�m n�o�r o�j�z7m n�g�t�o&x6y�g�p�o+l�� g7i6m~p�q l�o�g�t�pLn�q o+r l���r o+s+l6pSs&mYm n�o�m~o&f&{�q j�s+rYp m fhq y�s&j�l
l�o&u�q v+o�o&j�l6pSs+pSp n�g7f m�s+pEy�g�p�p�q ��r o+�

â�±0�+�S����¢)����ã����

Ü2ä"i�j5s�pLn�q o+r l6o+l�v+s&��r o�t fhg¬{åo+s+v&n�t0q o+r l�l�o&u�q v+o�� m fhs&j�p�l�i�v+o&fhw7y�g7m�o&jkm�q g7{|o�m~o&fhw�o&m�v+� ��l6q fho+v&m~r �Jm�g�m n�o
{|g6l¬i�r o+�

Üe©"g7j�j�o+v&mYm n�o�v+g¬j�l7i�v&m�g7fhpEm~g�m n�o�s&y�y�r q v+s ��r o�p�v&f¬o���p�g7jVmLn�o�{�g�l¬i�r o+ß pEm~o&f&{�q j�s+rh��g�s&f¬l��

Üed�fhg7ikj�l"m n�o�pLn�q o>r l�s&mYm n�o�{�g�l�i�r o�o&j�l�g�j�r ��w�o&x6y�g6p�q j�z�s�{|q j�q {�i�{æs�{�g¬i6j6m�g�tªv+g7j�l¬i�v&m�g7f�m�g�m n�o
j�g�q pL��o�j�u�q fhg7j6{|o�j6m�����g�j�g7m�v+g7j6j�o+v&mYmLn�o�pLn�q o+r l�s&mYmLn�o�l6o�u�q v+o�o&j�l�� v&i6mSp n�q o>r l�g6t tªs&m�l�o&u�q v+o�o&j�lVg�t
v+s&��r o�s&j�l�q j�pLi�r s&m�o���q m n5pLn6fhq jk��m i6��q j�z��h�

�������}�������5���S�������S�����S�������������� 0��¡�¢£����¤�  ��¥

¦ n�o ¦ o&f {�q j�s+r+§�r g�v&�5¨�i�q v&��©"g�j�j�o+v&m�� ¦ §/¨�©ª��«�p�p�o�{���r �5q pEj�g7mYfho+v+g7{�{|o�j�l�o+l�t0g7f�i�p�o���q m n5s�j�s+r g�z
{�g�l7i�r o+p�l¬i�o�m�g�v+s&��r o�pLn�q o+r l�q j�z�f¬o+­7i�q fho�{|o�j6m�p��
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C4DFE3G�H G�I
JLKNMPORQ�S3TVU�QXW8Y�Z\[�] Q.^�S3[`_R^.a.QXb3Sc_RSdQPefMP[)Z\^.[dg`bheRQXW Y�Z\[�] Q.^?MP[�[dMPORQ.^?i\T`S3QjZRk3TdMPQ.S
bhlmT4nRQP^jb3QPS�oqp�rjstp4uVvfYwnyx�S MPQ.U{z;Q.lRSd_R^.Q|MPORT�M}T�k k�W Y
bhlyZ\_yM}aP[`lRlRQ.ajM-bh[`lRS�T`^.Q
b3eRQ.lyM-bha.T�k~T�M�Q.T`a.O8^.T`a.�N��� [�lR[dM�a.^.[qS3S�v\b3lRQ���� vf����T`lRe6vcbhlRQ?��� vc�q�.��W�^.Q.S3_yk M-b3lR�
eyb3K-K-QP^.Q.lRa.Qfb3l|Z\[dMPQ.lyM-b3Tdk�a.Tql|b3ly�P_R^.Q6Z\Q.^.S3[`l�lRQjk�[`^�aPT`_RS3Q�eRTVU{Tq�`QfMP[�Q.�R_yb Z\U{Q.lyMP�
�;T`aPO�i\TqSdQjZFk3T�MPQ%U{_�S Mti\Q)a.[`lFlRQ.ajMPQ.e%MP[;Tfa.[VU{U{[`l��`^.[q_RlReR�
�;lFSd_R^.Q�MPORTdM�MPORQ~Z\^P[�MPQ.ajM-b g�Q�a.[3g�Q.^�b3S>bhlRS M.Tdk khQ.e�[dg�Q.^�T�k k�M.QP^yU�bhlRT�k�i\[qT`^.eRS3�
� _F^�bhlR�8lR[`^.U Tdk�[�Z?Q.^yTdM-b3[`l�]6b MPO>T`l�W{Y}Z\[�] Q.^;S3[`_R^.a.Q�Qjb MPORQ.^����tp6��W{Ym[`^��t�qp
��W{Y�bhS�Z\^PQ.SdQyl.M�[`l�MPORQ8W{Y�u�[�] Q.^�nR_yZRZRk x����cORQ~a.[dg�Q.^�Z\^.[dM.QPajMPS>T`�qT�bhlRS�M
T`a.ajbheRQ.lyMPT�k�S3OR[`ay�1ORT��FTq^.e~] Oyb3a.O�a.[`_yk3e�a.T`_RS3Q�S3QjgtQ.^.Q�[`^�K-TdMPT�k;b3ly�P_R^jx�MP[>MPORQ
[�Z\Q.^.TdMP[`^)[`^)U�T�b3lyMPQ.lRTqlRa.QtZ\Q.^yS3[`lRlRQjk3�

�; �¡ ¢6¡ ¢�£%¤y¡h¥�¦t§`¥j¨P§f©jª-«\¬`­`®d¯R°~±f®�²t³�´�¥�¦�§cµ{¶ ·d¢8«c¥j¸�¥.¹.¶ ¡�º8©-ªj«\¬`­`®d¯�°�±;®q®q»�´t¼�«�½ ¾ «{¸� À¿�£j¨)Á Âq¸`¸�Ã ¶ £.Á
¹jÂq¨-¨P£j¦q¡hÃ º6¢t¥�Ät£)Á3¶ Åf¡h£j¨jÆ|¶ ¦t¥yÃ Á?Ç- �¨�ÂtÁ3£j¨)¹. �¦q¦t£.¹�¡h¶  �¦�Á3È\É�¥j¨PÃ º6Ät£-¨.Á3¶  À¦tÁX `ÇtÁ3 ÀÆ�£)¤R£j¨P¶ £yÁ?­`»qÊ-®q»\¸� �¿�£j¨
Á Âq¸q¸�Ã ¶ £.ÁF¢t¥.§fÇ#¶ Ä�£�¡h£j¨jÆ|¶ ¦t¥.Ã Á?©-Á3£.£�¦t£�Åq¡XÇ-¶ ·�ÂL¨.£j´PÈfËN¢t£�¿�¶ ¨P¶ ¦t·cÆ|£j¡ ¢t `§qÁ\Ç# �¨tÌt �¡ ¢�Ç#¶ Ät£yÊ ¡3£j¨jÆ�¶ ¦�¥.ÃN¥�¦t§fÁ3¶ ÅtÊ
¡h£j¨jÆ�¶ ¦�¥.ÃP¡�ºÍ¸�£.Á?¶ Á?Á3¶ Æ|¶ Ã ¥j¨PÎq£jÅt¹.£j¸q¡N¡ ¢�¥-¡XÁ�¡3£j¸�®\Ì�£.Ã  �¿�§` `£.ÁN¦t �¡X¥j¸`¸tÃ º�¡h c¡ ¢t£%Ç-¶ Ät£yÊ ¡h£j¨jÆ|¶ ¦t¥.ÃP¡ ºq¸�£.È
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This document is based on information available at the time of its
publication.  While efforts have been made to be accurate, the in-
formation contained in this document does not purport to cover all
details or variations in hardware and software, nor to provide for
every contingency in connection with installation, operation and
maintenance.  This document may describe features not present in
all hardware and software systems.  GE Fanuc Automation as-
sumes no obligation of notice to holders of this document with re-
spect to changes subsequently made.

GE Fanuc Automation makes no representation or warranty, ex-
pressed, implied, or statutory with respect to, and assumes no re-
sponsibility for the accuracy, completeness or usefulness of the in-
formation contained in this document.  No warranties of
merchantability of fitness for purpose shall apply.

The following are trademarks of GE Fanuc Automation North
America, Inc.
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Stand clear of controlled equipment when power is applied.  If the
problem is intermittent, sudden unexpected machine motion could
occur, causing injury.  Also reference NFPA 70E Part II for addi-
tional guidelines for safety practices.

Never reach into a machine to operate a switch since unexpected
motion could occur, causing injury.

Remove all electrical power at the Main Power Disconnect to en-
sure total power removal.

Always remove power before inserting or removing modules, or
before connecting I/O cabling.

Sinnamon Road Sinnamon Park SPS SP181 Backup Generator Operation and Maintenance Manual (SE Power)

Q-Pulse Id TMS567 Active 13/12/2013 Page 297 of 393



| | |

|__ __|__ __|

����
��

This guide describes a logical sequence for troubleshooting your
Series 90–30 programmable controller.  It includes the procedure
for changing or adding a EPROM or EEPROM to your CPU.  The
Series 90–30 PLC is a member of the Series 90TM  family of pro-
grammable logic controllers from GE Fanuc Automation.

��������� �� ���� ���������������
���
�

This is the first release of this Troubleshooting Guide.  Included are
models CPU 311, 313, 321, 323, 331 and 341.

���
��
 ������
�����

Series 90TM–30 Programmable Controller Installation Manu-
al (GFK–0356).

Series 90TM–30 and 90–20 PLC Hand–Held Programmer
User’s Manual (GFK–0402)

LogicmasterTM 90 Series 90–30 and 90–20 Programming
Software User’s Manual (GFK–0466)

Series 90TM–30/90–20 Programmable Controllers Reference
Manual (GFK–0467)

�� ������� 	��� �������� 
�

�����������

At GE Fanuc Automation, we strive to produce quality technical
documentation.  After you have used this troubleshooting guide,
please take a few moments to write us with your comments and
suggestions.  Our address is: Manager Technical Publications, GE
Fanuc Automation. PO Box 8106,  Charlottesville, VA 22906

Drake C. Fink

Sr. Staff Systems Engineer
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Application programs are normally developed in the CPU’s RAM memory and executed
from RAM memory.  If additional program integrity is desired, or operation of the PLC with-
out a battery is desired, an optional EEPROM or EPROM can be installed in a spare socket
(labeled PROGRAM PROM) on the Model 311/313 backplane or in a socket on the model
331/341 CPU module.  EEPROMs can be written to and read from. EPROMs can be read
when installed in the PLC; however, they must be written to using an external PROM pro-
gramming device.

Following is the procedure for adding or changing the EEPROM or EPROM. For clarity, the
term PROM is used to refer to either an EEPROM or an EPROM.

1. Remove power from the system.

2. If 311/313

� Remove all modules, including the power supply.

� Remove the plastic cover.

3. If 331/341:

� Remove CPU from backplane.

� Remove front plate and bezel.  Unsnap circuit board and remove from case.

4. If the socket is the type which has a screw near the top edge (some versions of  311/331),
loosen screw at top of PROM socket  (CCW twist;).

5. If present, remove old PROM from socket.  Replace with or install new PROM.   Orient
the PROM so the end with a notch (the top of the prom)  is toward the top edge of the
backplane. Pin 1 of the prom is the first pin on the left as you move counter–clockwise
from the notch.  On the 311/331,  correct installation orients the notch toward the screw.

6. When present, tighten screw at top of PROM socket (CW twist).

7. If 311/313:

� Replace the plastic cover.

� Replace all modules, including the power supply.

8. If 331 CPU:

� Assure jumper JP1, located at the bottom of the PROM socket, is in the 1–2
position for EPROM  and the 3–2 position for EEPROM.  This informs the
CPU firmware which type of device is present.

9. If 331/341 CPU:

� Replace circuit board in case.

� Reinstall front plate and bezel.

� Replace CPU in backplane.
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10. Apply power.  The PLC follows the flowchart found in the ”Power–Up Sequence” figure
in the Power–Up and Power–Down Section of the Series 90–30/90–20 Programmable
Controllers Reference Manual (GFK–0467) to determine if a program will be loaded
from PROM to RAM.

11. For the EEPROM to be used by the CPU, the CPU configuration must be set to use EE-
PROM as the ”Program Source”.  You may use the LM90 Configuration software or the
HHP to accomplish this.

12. To store the program in RAM, you may use either the Hand–Held Programmer or Logic-
master 90–30, Rev 3.5 or higher.  Refer to the instructions in the HHP User’s Manual
(GFK–0402) for HHP.  To use Logicmaster 90–30, follow these instructions:

� Start the LM90–30 Programmer Package

� Activate the Utilities Menu (F9)

� Select the EEPROM function (F10)

� Select the WRITE operation

� Verify the items you want to write to EEPROM are selected.

� Press ENTER to start the operation.  Refer to the Logicmaster 90 Series 90–30
and 90–20 Programming Software User’s Manual (GFK–0466) for more
information.
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1. WARNING : Do not discard the lithium–manganese dioxide battery in fire.  Do not at-
tempt to discharge the battery.  The battery may burst or burn or release hazardous mate-
rials.  Dispose of the battery as you would any hazardous material.

2. CAUTION : After a power fault, the system will come back on in the mode (STOP, RUN/
ENABLED, RUN/DISABLED) in which it was operating before power loss, unless the
power up configuration specifies a particular mode.

3. Not having a battery installed will not prevent the PLC from running.  It will generate a
PLC fault on power cycle that prevents the PLC from entering RUN mode automatically.
Clearing this fault will enable the PLC to be placed in RUN mode.

4. To short the ’super cap’ on a 311/321 PLC:

� Remove power from the system.

� Remove all modules, including the power supply.

� Remove the plastic face plate.

� Find component C20 along the left edge of the module.  This is the ’super cap’.
Short the positive (+) and negative (–) leads of  this device.

� Replace the plastic face plate.

� Replace all modules.

� Restore power to the system.

5. Supply (input) voltage tolerances for Series 90–30 power supplies:

IC693PWR321: 100 to 240 VAC
100 to 250 VDC (125 VDC nominal)

IC693PWR322: 18 to 56 VDC, 21 VDC 
minimum to start
24 VDC OR 48 VDC nominal

6. Total cable length must not exceed 50 feet  between a CPU rack and an expansion rack.
Length must not exceed 700 feet between a CPU rack and a remote rack.  No termination
plug is needed on a one–rack system.
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SP181 

 
Section 6 - Functional Description 
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ABBREVIATIONS 

 

G1 Generator 1 Diesel 
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1. GENERAL 

1.1. The PLC for the above operation is a GE Fanuc IC693CPU350. This 
program has been designed for the use on G1. The operation below controls 
G1. 

1.2. A mode selector switch selects how G1 shall operate : 

1.2.1. Off 

1.2.2. Manual Mode 

1.2.3. Test Mode. 

1.2.4. Automatic Mode. 

2. MANUAL MODE 

2.1. To operate G1 in MANUAL Mode. 

2.2. Select this operation by turning the AUTO – TEST – MAN- OFF selector 
switch to the MANUAL position. 

2.3. Press the MANUAL START push button to start the generator. 

2.4. The generator will begin to crank. 

2.4.1. If it fails to start within the 10 seconds, the starter motor is stopped and 
a delay of 10 seconds before it will attempt to restart.  

2.4.2. The generator set is allowed 3 attempts to start.  

2.4.3. If it fails to start on the third attempt, the generator is locked out on 
FAIL TO START Alarm. 

2.4.4. When the generator starts, the starter motor is stopped by a stop 
cranking input which measures the speed of the generator. 

2.4.5. Once the generator has started, there is a 10 second time delay for 
the oil pressure to stabilise. 

2.4.6. If the oil pressure is not up to pressure after the 10 second time delay, 
the generator shall shut down on LOW OIL PRESS Alarm. 

2.4.7. Once the generator is running there is a 5 second warm up time 
before it is ready to accept load. 
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2.5. To Manual Transfer to Generator in the MANUAL Mode. 

2.5.1. Start the generator and wait for the generator to run up to speed and 
voltage and ready to accept load. 

2.5.2. Press the MANUAL TRANSFER TO GEN push button. 

2.5.3. The MAINS ATS shall Open. 

2.5.4. After a 30 second delay the GEN ATS shall Close. 

2.5.5. If the MAINS ATS fails to Open. 

2.5.5.1. After a 5 second delay an Alarm shall be generated and the 
MAINS CONNECTED indicator shall flash to indicate the 
Alarm. 

2.5.5.2. The system shall return back to MAINS ATS operation. 

2.5.6. If the GEN ATS fails to Close. 

2.5.6.1. After a 5 second delay an Alarm shall be generated and the 
GENERATOR CONNECTED indicator shall flash to indicate 
the Alarm. 

2.5.6.2. The system shall return back to MAINS ATS operation. 

2.6. To Manual Transfer to Mains in the MANUAL Mode. 

2.6.1. The GENERATOR ATS is Closed.  

2.6.2. Press the MAN TRANSFER TO MAINS push button. 

2.6.3. The GEN ATS shall Open. 

2.6.4. After a 30 second delay the MAINS ATS shall Close. 

2.6.5. If the GEN ATS fails to Open. 

2.6.5.1. After a 5 second delay an Alarm shall be generated and the 
GENERATOR CONNECTED indicator shall flash to indicate 
the Alarm. 

2.6.5.2. The system shall return back to GEN ATS operation. 

2.6.6. If the MAINS ATS fails to Close. 
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2.6.6.1. After a 5 second delay an Alarm shall be generated and the 
MAINS CONNECTED indicator shall flash to indicate the 
Alarm. 

2.6.6.2. The system shall return back to GEN ATS operation. 

2.7. To stop the generator in the MANUAL Mode. 

2.7.1. When the generator is running, it may be stopped by pressing the 
MANUAL STOP push button. 

2.7.2. If the generator is still GEN ATS operation. The MANUAL TRANSFER 
TO MAINS is initiated. 

2.7.3. When the GEN ATS is Open, the generator will enter the cool down 
time of 1 second. 

2.7.4. After the cool down time, the generator will shut down. 

2.7.5. Once the generator has shut down there is a 15 second delay before it 
may be restarted. This is to ensure the engine has mechanically 
stopped. 
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3. NON-PERMANENT SITE, MANUAL MODE 

3.1. To operate G1 in a Non-Permanent Site Location in MANUAL Mode. 

3.2. Connect the generator cables to the site generator CB ensuring the site 
generator CB is OFF. See BCC procedures. 

3.3. A plug with shorting links is required to be installed. It is required to be 
plugged into the 27 Pin Station Plug. 

3.3.1. Pins 11 and 12 are required to be connected. This is to indicate that 
the Mains ATS is Closed. If they are not connected a MAINS ATS 
Alarm shall be indicated. 

3.4. Select from the AUTO – TEST – MAN- OFF selector switch to the MANUAL 
position. 

3.5. Press the MANUAL START push button to start the generator. 

3.6. The generator will begin to crank. 

3.6.1. If it fails to start within the 10 seconds, the starter motor is stopped and 
a delay of 10 seconds before it will attempt to restart.  

3.6.2. The generator set is allowed 3 attempts to start.  

3.6.3. If it fails to start on the third attempt, the generator is locked out on 
FAIL TO START Alarm. 

3.6.4. When the generator starts, the starter motor is stopped by a stop 
cranking input which measures the speed of the generator. 

3.6.5. Once the generator has started, there is a 10 second time delay for 
the oil pressure to stabilise. 

3.6.6. If the oil pressure is not up to pressure after the 10 second time delay, 
the generator shall shut down on LOW OIL PRESS Alarm. 

3.6.7. Once the generator is running there is a 5 second warm up time 
before it is ready to accept load. 

3.7. To connect the generator to the site load. 

3.7.1. Manually switch over to the generator supply via the site CB’s. See 
BCC procedures. 

3.7.2. Do not use the MANUAL TRANSFER TO GEN or the MAN 
TRANSFER TO MAINS push buttons. 
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3.8. To disconnect the generator from the site load. 

3.8.1. Manually switch over to the mains supply via the site CB’s. See BCC 
procedures. 

3.8.2. Do not use the MANUAL TRANSFER TO GEN or the MAN 
TRANSFER TO MAINS push buttons. 

3.9. To stop the generator in the MANUAL Mode. 

3.9.1. When the generator is running, it may be stopped by pressing the 
MANUAL STOP push button. 

3.9.2. The generator will enter the cool down time of 1 second. 

3.9.3. After the cool down time, the generator will shut down. 

3.9.4. Once the generator has shut down there is a 15 second delay before it 
may be restarted. This is to ensure the engine has mechanically 
stopped. 
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4. TEST OPERATION 

4.1. To operate the generator in the TEST Mode. 

4.2. Select this operation by turning the AUTO – TEST – MAN- OFF selector 
switch to the TEST position. 

4.3. If the selector is changed to MAN while the generator is operating on TEST, 
the system shall change to MANUAL TRANSFER TO GEN. 

4.4. The generator shall begin to crank. 

4.4.1. If it fails to start within the 10 seconds, the starter motor is stopped and 
a delay of 10 seconds before it will attempt to restart. 

4.4.2. The generator is allowed 3 attempts to start. 

4.4.3. If it fails to start on the third attempt, the generator is faulted on FAIL 
TO START Alarm. 

4.5. When the generator starts, the starter motor is stopped by a stop cranking 
input which measures the speed of the generator. 

4.6. The MAINS ATS shall Open. 

4.7. Once the generator has started, there is a 10 second time delay for the oil 
pressure to stabilise. 

4.8. If the oil pressure is not up to pressure after the 10 second time delay, the 
generator shall shut down on LOW OIL PRESS Alarm. 

4.9. Once the generator is running there is a 5 second warm up time before it is 
ready to accept load. 

4.10. After the warm up time has expired and the MAINS ATS has been open for 
30 seconds the GEN ATS shall Close. 

4.11. If the MAINS ATS fails to Open. 

4.11.1. After a 5 second delay an Alarm shall be generated and the MAINS 
CONNECTED indicator shall flash to indicate the Alarm. 

4.11.2. The system shall shut down and return back to MAINS ATS operation. 

4.12. If the GEN ATS fails to Close. 
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4.12.1. After a 5 second delay an Alarm shall be generated and the 
GENERATOR CONNECTED indicator shall flash to indicate the 
Alarm. 

4.12.2. The system shall shut down and return back to MAINS ATS operation. 

4.13. To stop the generator in the TEST Mode. 

4.13.1. Select this operation by turning the AUTO – TEST – MAN- OFF 
selector switch to the AUTO or OFF position. 

4.13.2. The GEN ATS shall Open. 

4.13.3. After a 30 second delay the MAINS ATS shall Close. 

4.13.4. If the GEN ATS fails to Open. 

4.13.4.1. After a 5 second delay an Alarm shall be generated and the 
GENERATOR CONNECTED indicator shall flash to indicate 
the Alarm. 

4.13.4.2. The system shall return back to GEN ATS operation. 

4.13.5. If the MAINS ATS fails to Close. 

4.13.5.1. After a 5 second delay an Alarm shall be generated and the 
MAINS CONNECTED indicator shall flash to indicate the 
Alarm. 

4.13.5.2. The system shall return back to GEN ATS operation. 

4.13.6. When the GEN ATS is Open, the generator will enter the cool down 
time of 5 minutes. 

4.13.7. After the cool down time, the generator will shut down. 

4.13.8. If a Mains Failure occurs during the cool down period the generator 
shall transfer back to the GENERATOR ATS without shutting down. 

4.13.9. Once the generator has shut down there is a 15 second delay before it 
may be restarted. This is to ensure the engine has mechanically 
stopped. 
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5. AUTOMATIC OPERATION 

5.1. To operate the generator in the AUTO Mode. 

5.2. Select this operation by turning the AUTO – TEST – MAN- OFF selector 
switch to the AUTO position. 

5.3. The Phase Failure Relay from the clients switch board shall give a Start 
Signal for the generators to run. 

5.4. The Remote Start Command. 

5.4.1. The generator shall begin to crank. 

5.4.1.1. If it fails to start within the 10 seconds, the starter motor is 
stopped and a delay of 10 seconds before it will attempt to 
restart. 

5.4.1.2. The generator is allowed 3 attempts to start. 

5.4.1.3. If it fails to start on the third attempt, the generator is faulted on 
FAIL TO START Alarm. 

5.4.2. When the generator starts, the starter motor is stopped by a stop 
cranking input which measures the speed of the generator. 

5.4.3. The MAINS ATS shall Open. 

5.4.4. Once the generator has started, there is a 10 second time delay for 
the oil pressure to stabilise. 

5.4.5. If the oil pressure is not up to pressure after the 10 second time delay, 
the generator shall shut down on LOW OIL PRESS Alarm. 

5.4.6. Once the generator is running there is a 5 second warm up time 
before it is ready to accept load. 

5.4.7. After the warm up time has expired and the MAINS ATS has been 
open for 30 seconds the GEN ATS shall Close. 

5.4.8. If the MAINS ATS fails to Open. 

5.4.8.1. After a 5 second delay an Alarm shall be generated and the 
MAINS CONNECTED indicator shall flash to indicate the 
Alarm. 
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5.4.8.2. The system shall shut down and return back to MAINS ATS 
operation. 

5.4.9. If the GEN ATS fails to Close. 

5.4.9.1. After a 5 second delay an Alarm shall be generated and the 
GENERATOR CONNECTED indicator shall flash to indicate 
the Alarm. 

5.4.9.2. The system shall shut down and return back to MAINS ATS 
operation. 

5.5. To stop the generator in the AUTO Mode. 

5.5.1. The Phase Failure Relay from the clients switch board shall give a 
Stop Signal for the generators to run. 

5.5.2. The Remote Stop Command. 

5.5.3. There is a 2 minute proving time for the Phase Failure Relay. 

5.5.4. After the 2 minute proving time the GEN ATS shall Open. 

5.5.5. After a 30 second delay the MAINS ATS shall Close. 

5.5.6. If the GEN ATS fails to Open. 

5.5.6.1. After a 5 second delay an Alarm shall be generated and the 
GENERATOR CONNECTED indicator shall flash to indicate 
the Alarm. 

5.5.6.2. The system shall return back to GEN ATS operation. 

5.5.7. If the MAINS ATS fails to Close. 

5.5.7.1. After a 5 second delay an Alarm shall be generated and the 
MAINS CONNECTED indicator shall flash to indicate the 
Alarm. 

5.5.7.2. The system shall return back to GEN ATS operation. 

5.5.8. When the GEN ATS is Open, the generator will enter the cool down 
time of 5 minutes. 

5.5.9. After the cool down time, the generator will shut down. 

5.5.10. If a Mains Failure occurs during the cool down period the generator 
shall transfer back to the GENERATOR ATS without shutting down. 
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5.5.11. Once the generator has shut down there is a 15 second delay before it 
may be restarted. This is to ensure the engine has mechanically 
stopped. 
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6. FAULT OPERATION 

6.1. Emergency Stop Operation. 

6.1.1. Operation of the Emergency Stop push button immediately shuts down 
the generator and Opens the Generator CB. The Emergency Stop is 
latched, and requires manual resetting to release the Emergency Stop 
push button. 

6.1.2. After the Emergency Stop push button is released, a fault reset will 
need to be initiated to reset the PLC. 

6.2. HIGH HIGH Alarm Operation. 

6.2.1. The Generator CB is Opened  immediately. 

6.2.2. The generator is shut down immediately. 

6.2.3. The following alarms will initiate a HIGH HIGH Alarm condition :- 

6.2.3.1. Emergency Stop Fault 

6.2.3.2. MEN Fault 

6.2.3.3. Low Oil Pressure Shutdown Fault, 10 Seconds Startup Delay 

6.2.3.4. High Engine Temperature Shutdown Fault, 30 Second Startup 
Delay 

6.2.3.5. Low Radiator Level Fault, 5 Second Delay 

6.2.3.6. Over Speed Fault 

6.3. HIGH Alarm Operation 

6.3.1. The Generator CB is Opened  immediately. 

6.3.2. Once the generator circuit breaker is opened, the generator will run 
through its normal cool down time and shut down. 

6.3.3. The following alarms will initiate a HIGH Alarm condition:- 

6.3.3.1. Generator Under Speed Fault, 5 Second Delay 

6.3.3.2. Alternator Under Voltage Fault, 5 Second Delay 

6.3.3.3. Alternator Over Voltage Fault, 5 Second Delay 
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6.3.3.4. Generator CB Tripped Fault 

6.3.3.5. Alternator High Temperature Fault, 30 Second Startup Delay 

6.4. MEDIUM Alarm Operation. 

6.4.1. A Normal Shutdown shall be Initiated. 

6.4.2. If the GEN ATS does not Open then the Generator CB is Opened. 

6.4.3. The following alarms will initiate a MEDIUM Alarm condition :- 

6.4.3.1. Fuel Empty Level Fault, 5 Second Delay 

6.4.3.2. Fail To Start Fault, 3 Attempts 

6.5. LOW Alarm Operation. 

6.5.1. A Warning has occurred on the generator. The generator will not shut 
down. 

6.5.2. The following alarms will initiate a LOW Alarm condition :- 

6.5.2.1. Low Oil Pressure Warning Alarm, 10 Seconds Startup Delay 

6.5.2.2. High Engine Temperature Warning Alarm, 30 Second Startup 
Delay 

6.5.2.3. Fuel Low Level Alarm, 5 Second Delay 

6.5.2.4. Battery Charger AC Supply Failed Alarm, 60 Second Delay 

6.5.2.5. Control Battery Low Volts Alarm, 30 Second Delay 

6.5.2.6. Start Battery Low Volts Alarm, 60 Second Delay 
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NTB Design

Folder Name BCC_4000_2..............................................................................
Nickname C4000_2..........................................................................................
Location.................... C:\Program Files\GE Fanuc Automation\VersaPro

\Project\BCC_4000_2
Created 27-Jun-03, 16:36:03............................................................................
Modified 03-Jul-03, 18:02:02............................................................................
Description BCC, Standby Generator, 4000.....................................................
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���-XO������������ 17%�'HVLJQ��9HUVD3UR��WP� 3DJH���

Block Name: AUD_ALM.blk.......................................................................................................
Description: Control Logic for the Audiable Alarm Logic............................................................
Block Type: Ladder.....................................................................................................................
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1 Audible Alarm Control Logic

2 NEW_ALM

%M00400
New Alarm

AAR

%Q00042
Audible Alarm

Relay

3 Mutes the New Audible Alarm

4 ALM_MUTE_PB

%I00007
Alarm Mute PB

R

NEW_ALM

%M00400
New Alarm

5 Sets the New Alarm Bit

6 EM_STP_ALM

%M00301
Emergency Stop

Alarm

%M00401

%M00401

7 %M00401

%M00401

S

NEW_ALM

%M00400
New Alarm

8 MEN_ALM

%M00302
MEN Alarm

%M00402

%M00402

9 %M00402

%M00402

S

NEW_ALM

%M00400
New Alarm

10 OIL_P_SD_ALM

%M00303
Low Oil Pressure
Shutdown Alarm

%M00403

%M00403

11 %M00403

%M00403

S

NEW_ALM

%M00400
New Alarm

12 ENG_T_SD_ALM

%M00304
High Engine
Temperature

Shutdown Alarm

%M00404

%M00404

13 %M00404

%M00404

S

NEW_ALM

%M00400
New Alarm

14 RAD_WATER_LOW
_ALM

%M00305
Low Radiator

Water Level Alarm

%M00405

%M00405

15 %M00405

%M00405

S

NEW_ALM

%M00400
New Alarm

16 SPD_OVER_ALM

%M00306
Over Speed Alarm

%M00406

%M00406
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17 %M00406

%M00406

S

NEW_ALM

%M00400
New Alarm

18 SPD_UNDER_ALM

%M00321
Under Speed

Alarm

%M00421

%M00421

19 %M00421

%M00421

S

NEW_ALM

%M00400
New Alarm

20 VOLTS_UNDER_AL
M

%M00322
Alternator Voltage

Under Alarm

%M00422

%M00422

21 %M00422

%M00422

S

NEW_ALM

%M00400
New Alarm

22 VOLTS_OVER_ALM

%M00323
Alternator Voltage

Over Alarm

%M00423

%M00423

23 %M00423

%M00423

S

NEW_ALM

%M00400
New Alarm

24 GEN_CB_TRIP_AL...

%M00324
Generator CB
Tripped Alarm

%M00424

%M00424

25 %M00424

%M00424

S

NEW_ALM

%M00400
New Alarm

26 ALT_TEMP_ALM

%M00325
Alternator High
Temperature

Alarm

%M00425

%M00425

27 %M00425

%M00425

S

NEW_ALM

%M00400
New Alarm

28 FUEL_LEV_EMPTY_A
LM

%M00341
Fuel Empty Alarm

%M00441

%M00441

29 %M00441

%M00441

S

NEW_ALM

%M00400
New Alarm

30 FAIL_TO_STR_ALM

%M00342
Fail to Start Alarm

%M00442

%M00442
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31 %M00442

%M00442

S

NEW_ALM

%M00400
New Alarm

32 OIL_P_W_ALM

%M00361
Low Oil Pressure
Warning Alarm

%M00461

%M00461

33 %M00461

%M00461

S

NEW_ALM

%M00400
New Alarm

34 ENG_T_W_ALM

%M00362
High Engine
Temperature

Warning Alarm

%M00462

%M00462

35 %M00462

%M00462

S

NEW_ALM

%M00400
New Alarm

36 FUEL_LEV_LOW_AL
M

%M00363
Low Fuel Level

Alarm

%M00463

%M00463

37 %M00463

%M00463

S

NEW_ALM

%M00400
New Alarm

38 BAT_CHG_AC_AL
M

%M00364
Battery Charger

AC Alarm

%M00464

%M00464

39 %M00464

%M00464

S

NEW_ALM

%M00400
New Alarm

40 BAT_CONT_LOW_
V_ALM

%M00365
Control Battery
Charger Low

Voltage Alarm

%M00465

%M00465

41 %M00465

%M00465

S

NEW_ALM

%M00400
New Alarm

42 BAT_STR_LOW_V_A
LM

%M00366
Start Battery
Charger Low

Voltage Alarm

%M00466

%M00466

43 %M00466

%M00466

S

NEW_ALM

%M00400
New Alarm

44 MAINS_ATS_OPN_
ALM

%M00381
Mains ATS Failed
to Open Alarm

%M00481

%M00481
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45 %M00481

%M00481

S

NEW_ALM

%M00400
New Alarm

46 MAINS_ATS_CLS_A
LM

%M00382
Mains ATS Failed
to Close Alarm

%M00482

%M00482

47 %M00482

%M00482

S

NEW_ALM

%M00400
New Alarm

48 GEN_ATS_OPN_AL
M

%M00383
Generator ATS
Failed to Open

Alarm

%M00483

%M00483

49 %M00483

%M00483

S

NEW_ALM

%M00400
New Alarm

50 GEN_ATS_CLS_AL
M

%M00384
Generator ATS
Failed to Close

Alarm

%M00484

%M00484

51 %M00484

%M00484

S

NEW_ALM

%M00400
New Alarm
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Block Name: ALARM.blk............................................................................................................
Description: Control Logic for the Generator Alarms..................................................................
Block Type: Ladder.....................................................................................................................
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1 Generator High High Alarms

2 EM_STP_ALM

%M00301
Emergency Stop

Alarm

HIGH_HIGH_ALM

%M00300
High High Alarm

MEN_ALM

%M00302
MEN Alarm

OIL_P_SD_ALM

%M00303
Low Oil Pressure
Shutdown Alarm

ENG_T_SD_ALM

%M00304
High Engine
Temperature

Shutdown Alarm

RAD_WATER_LO
W_ALM

%M00305
Low Radiator
Water Level

Alarm

SPD_OVER_ALM

%M00306
Over Speed Alarm

3 Generator High Alarms

4 SPD_UNDER_ALM

%M00321
Under Speed

Alarm

HIGH_ALM

%M00320
High Alarm

VOLTS_UNDER_AL
M

%M00322
Alternator

Voltage Under
Alarm

VOLTS_OVER_AL
M

%M00323
Alternator

Voltage Over
Alarm

GEN_CB_TRIP_AL
M

%M00324
Generator CB
Tripped Alarm

ALT_TEMP_ALM

%M00325
Alternator High
Temperature

Alarm

5 Generator Medium Alarms
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6 FUEL_LEV_EMPTY_A

LM

%M00341
Fuel Empty Alarm

MEDIUM_ALM

%M00340
Medium Alarm

FAIL_TO_STR_ALM

%M00342
Fail to Start Alarm

MAINS_ATS_OPN_
ALM

%M00381
Mains ATS Failed
to Open Alarm

GEN_ATS_CLS_AL
M

%M00384
Generator ATS
Failed to Close

Alarm

7 Generator Low Alarms

8 OIL_P_W_ALM

%M00361
Low Oil Pressure
Warning Alarm

LOW_ALM

%M00360
Low Alarm

ENG_T_W_ALM

%M00362
High Engine
Temperature

Warning Alarm

FUEL_LEV_LOW_A
LM

%M00363
Low Fuel Level

Alarm

BAT_CHG_AC_AL
M

%M00364
Battery Charger

AC Alarm

BAT_CONT_LOW_
V_ALM

%M00365
Control Battery
Charger Low

Voltage Alarm

BAT_STR_LOW_V_
ALM

%M00366
Start Battery
Charger Low

Voltage Alarm

MAINS_ATS_CLS_
ALM

%M00382
Mains ATS Failed
to Close Alarm

GEN_ATS_OPN_A
LM

%M00383
Generator ATS
Failed to Open

Alarm

9 Generator Emergency Stop Alarm
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10 EM_STOP_PB

%I00004
Emergency Stop

PB

EM_STP_ALM

%M00301
Emergency Stop

Alarm

EM_STP_ALM

%M00301
Emergency Stop

Alarm

ALM_RESET_PB

%I00006
Alarm Reset PB

11 EM_STP_ALM

%M00301
Emergency Stop

Alarm

EM_STOP_IND

%Q00010
Emergency Stop

Indicator

LAMP_TEST_PB

%I00005
Lamp Test PB

12 Generator MEN Alarm

13 MEN_FLT

%I00024
MEN Fault Relay

MEN_ALM

%M00302
MEN Alarm

MEN_ALM

%M00302
MEN Alarm

ALM_RESET_PB

%I00006
Alarm Reset PB

14 MEN_ALM

%M00302
MEN Alarm

MEN_FLT_IND

%Q00011
MEN Fault
Indicator

LAMP_TEST_PB

%I00005
Lamp Test PB

15 Generator Low Oil Pressure Shut Down Alarm

16 OIL_P_LOW_SD

%I00041
Low Oil Pressure

Shutdown

OIL_P_DLY

%M00207
Oil Pressure
Alarm Delay

OIL_P_SD_ALM

%M00303
Low Oil Pressure
Shutdown Alarm

OIL_P_SD_ALM

%M00303
Low Oil Pressure
Shutdown Alarm

ALM_RESET_PB

%I00006
Alarm Reset PB

17 OIL_P_SD_ALM

%M00303
Low Oil Pressure
Shutdown Alarm

OIL_P_LOW_SD_IN
D

%Q00012
Low Oil Pressure

Shutdown
Indicator

LAMP_TEST_PB

%I00005
Lamp Test PB

18 Generator High Engine Temperature Shut Down Alarm
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19 ENG_T_HI_SD

%I00043
High Engine
Temperature

Shutdown

STR_UP_DLY

%M00208
Startup Alarm

Delay

ENG_T_SD_ALM

%M00304
High Engine
Temperature

Shutdown Alarm

ENG_T_SD_ALM

%M00304
High Engine
Temperature

Shutdown Alarm

ALM_RESET_PB

%I00006
Alarm Reset PB

20 ENG_T_SD_ALM

%M00304
High Engine
Temperature

Shutdown Alarm

ENG_T_HI_SD_IND

%Q00014
High Engine
Temperature

Shutdown
Indicator

LAMP_TEST_PB

%I00005
Lamp Test PB

21 Generator Low Radiator Water Level Alarm

22 RAD_WATER_LOW

%I00045
Low Radiator
Water Level

TMR TENTHS
RAD_WATER_LOW
_DLY

%M00315
Radiator Water
Level Low Delay

50

%R00300

PV
%R00300

23 RAD_WATER_LOW
_DLY

%M00315
Radiator Water
Level Low Delay

RAD_WATER_LOW
_ALM

%M00305
Low Radiator

Water Level Alarm

RAD_WATER_LOW
_ALM

%M00305
Low Radiator

Water Level Alarm

ALM_RESET_PB

%I00006
Alarm Reset PB

24 RAD_WATER_LOW
_ALM

%M00305
Low Radiator
Water Level

Alarm

RAD_WATER_LOW
_IND

%Q00016
Low Radiator
Water Level

Indicator

LAMP_TEST_PB

%I00005
Lamp Test PB

25 Generator Over Speed Alarm

26 GCR

%Q00041
Governor Control

Relay

TMR TENTHS
SPD_OVER_DLY

%M00316
Over Speed Delay

Timer

50

%R00339

PV
%R00339
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27 SPD_OVER

%I00019
Over Speed Relay

SPD_OVER_DLY

%M00316
Over Speed
Delay Timer

SPD_OVER_ALM

%M00306
Over Speed Alarm

SPD_OVER_ALM

%M00306
Over Speed Alarm

ALM_RESET_PB

%I00006
Alarm Reset PB

28 SPD_OVER_ALM

%M00306
Over Speed

Alarm

SPD_OVER_IND

%Q00019
Over Speed

Indicator

LAMP_TEST_PB

%I00005
Lamp Test PB

29 Generator Under Speed Alarm

30 SPD_UNDER

%I00018
Under Speed

Relay

STR_UP_DLY

%M00208
Startup Alarm

Delay

TMR TENTHS
SPD_UNDER_DLY

%M00331
Under Speed
Alarm Delay

50

%R00303

PV
%R00303

31 SPD_UNDER_DLY

%M00331
Under Speed
Alarm Delay

SPD_UNDER_ALM

%M00321
Under Speed

Alarm

SPD_UNDER_ALM

%M00321
Under Speed

Alarm

ALM_RESET_PB

%I00006
Alarm Reset PB

32 SPD_UNDER_ALM

%M00321
Under Speed

Alarm

SPD_UNDER_IND

%Q00020
Under Speed

Indicator

LAMP_TEST_PB

%I00005
Lamp Test PB

33 Generator Under Voltage Alarm

34 VOLTS_UNDER

%I00020
Under Voltage

Relay

STR_UP_DLY

%M00208
Startup Alarm

Delay

TMR TENTHS
VOLTS_UNDER_D...

%M00332
Under Voltage

Alarm Delay

50

%R00306

PV
%R00306
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35 VOLTS_UNDER_D...

%M00332
Under Voltage

Alarm Delay

VOLTS_UNDER_AL
M

%M00322
Alternator Voltage

Under Alarm

VOLTS_UNDER_AL
M

%M00322
Alternator Voltage

Under Alarm

ALM_RESET_PB

%I00006
Alarm Reset PB

36 VOLTS_UNDER_AL
M

%M00322
Alternator

Voltage Under
Alarm

VOLTS_UNDER_IND

%Q00022
Alternator Voltage

Under Indicator

LAMP_TEST_PB

%I00005
Lamp Test PB

37 Generator Over Voltage Alarm

38 VOLTS_OVER

%I00021
Over Voltage

Relay

STR_UP_DLY

%M00208
Startup Alarm

Delay

TMR TENTHS
VOLTS_OVER_DLY

%M00333
Over Voltage
Alarm Delay

50

%R00309

PV
%R00309

39 VOLTS_OVER_DLY

%M00333
Over Voltage
Alarm Delay

VOLTS_OVER_ALM

%M00323
Alternator Voltage

Over Alarm

VOLTS_OVER_ALM

%M00323
Alternator Voltage

Over Alarm

ALM_RESET_PB

%I00006
Alarm Reset PB

40 VOLTS_OVER_ALM

%M00323
Alternator

Voltage Over
Alarm

VOLTS_OVER_IND

%Q00023
Alternator Voltage

Over Indicator

LAMP_TEST_PB

%I00005
Lamp Test PB

41 Generator CB Tripped Alarm

42 GEN_CB_TRIP

%I00023
Generator CB

Tripped

GEN_CB_TRIP_AL...

%M00324
Generator CB
Tripped Alarm

GEN_CB_TRIP_AL...

%M00324
Generator CB
Tripped Alarm

ALM_RESET_PB

%I00006
Alarm Reset PB
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43 GEN_CB_TRIP_AL...

%M00324
Generator CB
Tripped Alarm

GEN_CB_TRIP_IND

%Q00025
Generator CB

Tripped Indicator

LAMP_TEST_PB

%I00005
Lamp Test PB

44 Generator High Alternator Temperature Alarm

45 ALT_TEMP

%I00022
Alternator High

Temperature Relay

STR_UP_DLY

%M00208
Startup Alarm

Delay

ALT_TEMP_ALM

%M00325
Alternator High
Temperature

Alarm

ALT_TEMP_ALM

%M00325
Alternator High
Temperature

Alarm

ALM_RESET_PB

%I00006
Alarm Reset PB

46 ALT_TEMP_ALM

%M00325
Alternator High
Temperature

Alarm

ALT_TEMP_IND

%Q00024
Alternator High
Temperature

Indicator

LAMP_TEST_PB

%I00005
Lamp Test PB

47 Generator Fuel Level Empty Alarm

48 FUEL_LEV_EMPTY

%I00047
Fuel Empty

TMR TENTHS
FUEL_LEV_EMPTY_D
LY

%M00351
Fuel Level Empty

Alarm Delay

50

%R00312

PV
%R00312

49 FUEL_LEV_EMPTY_D
LY

%M00351
Fuel Level Empty

Alarm Delay

FUEL_LEV_EMPTY_A
LM

%M00341
Fuel Empty Alarm

FUEL_LEV_EMPTY_A
LM

%M00341
Fuel Empty Alarm

ALM_RESET_PB

%I00006
Alarm Reset PB

50 FUEL_LEV_EMPTY_A
LM

%M00341
Fuel Empty Alarm

FUEL_LEV_EMPTY_I
ND

%Q00017
Fuel Empty
Indicator

LAMP_TEST_PB

%I00005
Lamp Test PB

51 Generator Fail To Start Alarm
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52 FAIL_STR_CNT

%M00204
Failed to Start

Counter

FAIL_TO_STR_ALM

%M00342
Fail to Start Alarm

FAIL_TO_STR_ALM

%M00342
Fail to Start Alarm

ALM_RESET_PB

%I00006
Alarm Reset PB

53 FAIL_TO_STR_ALM

%M00342
Fail to Start Alarm

FAIL_TO_STR_IND

%Q00021
Fail to Start
Indicator

LAMP_TEST_PB

%I00005
Lamp Test PB

54 Generator Low Oil Pressure Warning Alarm

55 OIL_P_LOW_W

%I00042
Low Oil Pressure

Warning

OIL_P_DLY

%M00207
Oil Pressure
Alarm Delay

OIL_P_W_ALM

%M00361
Low Oil Pressure
Warning Alarm

OIL_P_W_ALM

%M00361
Low Oil Pressure
Warning Alarm

ALM_RESET_PB

%I00006
Alarm Reset PB

56 OIL_P_W_ALM

%M00361
Low Oil Pressure
Warning Alarm

OIL_P_LOW_W_IN
D

%Q00013
Low Oil Pressure

Warning Indicator

LAMP_TEST_PB

%I00005
Lamp Test PB

57 Generator High Engine Temperature Warning Alarm

58 ENG_T_HI_W

%I00044
High Engine
Temperature

Warning

STR_UP_DLY

%M00208
Startup Alarm

Delay

ENG_T_W_ALM

%M00362
High Engine
Temperature

Warning Alarm

ENG_T_W_ALM

%M00362
High Engine
Temperature

Warning Alarm

ALM_RESET_PB

%I00006
Alarm Reset PB

59 ENG_T_W_ALM

%M00362
High Engine
Temperature

Warning Alarm

ENG_T_HI_W_IND

%Q00015
High Engine
Temperature

Warning Indicator

LAMP_TEST_PB

%I00005
Lamp Test PB

60 Generator Fuel Level Low Alarm
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61 FUEL_LEV_LOW

%I00046
Low Fuel Level

TMR TENTHS
FUEL_LEV_LOW_DL
Y

%M00373
Fuel Level Low
Alarm Delay

50

%R00315

PV
%R00315

62 FUEL_LEV_LOW_DL
Y

%M00373
Fuel Level Low
Alarm Delay

FUEL_LEV_LOW_AL
M

%M00363
Low Fuel Level

Alarm

FUEL_LEV_LOW_AL
M

%M00363
Low Fuel Level

Alarm

ALM_RESET_PB

%I00006
Alarm Reset PB

63 FUEL_LEV_LOW_AL
M

%M00363
Low Fuel Level

Alarm

FUEL_LEV_LOW_IN
D

%Q00018
Low Fuel Level

Indicator

LAMP_TEST_PB

%I00005
Lamp Test PB

64 Generator Battery Charger AC Fail Alarm

65 BAT_CHG_AC

%I00025
Battery Charger

AC Relay

TMR TENTHS
BAT_CHG_AC_DLY

%M00374
Battery Charger
AC Failure Delay

600

%R00318

PV
%R00318

66 BAT_CHG_AC_DLY

%M00374
Battery Charger
AC Failure Delay

BAT_CHG_AC_AL
M

%M00364
Battery Charger

AC Alarm

BAT_CHG_AC_AL
M

%M00364
Battery Charger

AC Alarm

ALM_RESET_PB

%I00006
Alarm Reset PB

67 BAT_CHG_AC_AL
M

%M00364
Battery Charger

AC Alarm

BAT_CHG_AC_IND

%Q00026
Battery Charger

AC Indicator

LAMP_TEST_PB

%I00005
Lamp Test PB

68 Generator Control Battery Low Voltage Alarm
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69 BAT_CONT_LOW_

V

%I00026
Control Battery
Charger Low

Voltage

TMR TENTHS
BAT_CONT_LOW_
V_DLY

%M00375
Control Battery

Low Voltage
Delay

300

%R00321

PV
%R00321

70 BAT_CONT_LOW_
V_DLY

%M00375
Control Battery

Low Voltage
Delay

BAT_CONT_LOW_
V_ALM

%M00365
Control Battery
Charger Low

Voltage Alarm

BAT_CONT_LOW_
V_ALM

%M00365
Control Battery
Charger Low

Voltage Alarm

ALM_RESET_PB

%I00006
Alarm Reset PB

71 BAT_CONT_LOW_
V_ALM

%M00365
Control Battery
Charger Low

Voltage Alarm

BAT_CONT_LOW_
V_IND

%Q00027
Control Battery
Charger Low

Voltage Indicator

LAMP_TEST_PB

%I00005
Lamp Test PB

72 Generator Start Battery Low Voltage Alarm

73 BAT_STR_LOW_V

%I00027
Start Battery
Charger Low

Voltage

TMR TENTHS
BAT_STR_LOW_V_D
LY

%M00376
Start Battery Low

Voltage Delay

600

%R00324

PV
%R00324

74 BAT_STR_LOW_V_D
LY

%M00376
Start Battery Low

Voltage Delay

BAT_STR_LOW_V_A
LM

%M00366
Start Battery
Charger Low

Voltage Alarm

BAT_STR_LOW_V_A
LM

%M00366
Start Battery
Charger Low

Voltage Alarm

ALM_RESET_PB

%I00006
Alarm Reset PB

75 BAT_STR_LOW_V_A
LM

%M00366
Start Battery
Charger Low

Voltage Alarm

BAT_STR_LOW_V_I
ND

%Q00028
Start Battery
Charger Low

Voltage Indicator

LAMP_TEST_PB

%I00005
Lamp Test PB

76 Mains ATS Fail to Open Alarm
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77 MAINS_ATS_OPN_

CMD

%Q00033
BCC Mains ATS

Open Command

MAINS_ATS_CLS

%I00034
BCC Mains ATS

Closed

GEN_RUNNING

%M00201
Generator

Running

TMR TENTHS
MAINS_ATS_OPN_
ALM

%M00381
Mains ATS Failed
to Open Alarm

MAINS_ATS_OPN_
ALM

%M00381
Mains ATS Failed
to Open Alarm

ALM_RESET_PB

%I00006
Alarm Reset PB

50

%R00327

PV
%R00327

78 Mains ATS Fail to Close Alarm

79 MAINS_ATS_OPN_
CMD

%Q00033
BCC Mains ATS

Open Command

MAINS_ATS_CLS

%I00034
BCC Mains ATS

Closed

MAINS_FAILED

%I00033
BCC Mains Failed

TMR TENTHS
MAINS_ATS_CLS_A
LM

%M00382
Mains ATS Failed
to Close Alarm

MAINS_ATS_CLS_A
LM

%M00382
Mains ATS Failed
to Close Alarm

ALM_RESET_PB

%I00006
Alarm Reset PB

50

%R00330

PV
%R00330

80 Generator ATS Fail to Open Alarm

81 GEN_ATS_CLS_CM
D

%Q00034
BCC Generator

ATS Close
Command

GEN_ATS_CLS

%I00035
BCC Generator

ATS Closed

MAINS_FAILED

%I00033
BCC Mains Failed

TMR TENTHS
GEN_ATS_OPN_AL
M

%M00383
Generator ATS
Failed to Open

Alarm

GEN_ATS_OPN_AL
M

%M00383
Generator ATS
Failed to Open

Alarm

ALM_RESET_PB

%I00006
Alarm Reset PB

50

%R00333

PV
%R00333

82 Generator ATS Fail to Close Alarm

83 GEN_ATS_CLS_CM
D

%Q00034
BCC Generator

ATS Close
Command

GEN_ATS_CLS

%I00035
BCC Generator

ATS Closed

GEN_RUNNING

%M00201
Generator

Running

TMR TENTHS
GEN_ATS_CLS_AL
M

%M00384
Generator ATS
Failed to Close

Alarm

GEN_ATS_CLS_AL
M

%M00384
Generator ATS
Failed to Close

Alarm

ALM_RESET_PB

%I00006
Alarm Reset PB

50

%R00336

PV
%R00336
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Block Name: SEQ.blk.................................................................................................................
Description: Control Logic for the Generator Operation Sequences..........................................
Block Type: Ladder.....................................................................................................................
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1 Generator OFF State

2 SEL_AUTO

%I00001
Selector Switch

Auto

SEL_TEST

%I00002
Selector Switch

Test

SEL_MAN

%I00003
Selector Switch

Manual

TMR TENTHS
GEN_OFF

%M00101
Generator OFF

25

%R00100

PV
%R00100

3 GEN_OFF

%M00101
Generator OFF

MOVE INT

1

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

4 Generator Automatic Start and Stop Logic

5 MAINS_FAILED

%I00033
BCC Mains Failed

MAINS_FAIL_STP

%M00104
Mains Failed Stop

GEN_OFF

%M00101
Generator OFF

HIGH_HIGH_ALM

%M00300
High High Alarm

HIGH_ALM

%M00320
High Alarm

MEDIUM_ALM

%M00340
Medium Alarm

TMR TENTHS
AUTO_TEST_STR

%M00102
Auto & Test Start /

Stop

REMOTE_STR

%M00103
Remote Start

REMOTE_STR

%M00103
Remote Start

REMOTE_STP

%M00105
Remote Stop

5

%R00103

PV
%R00103

TEST_STR

%M00106
Test Start

TEST_STP

%M00107
Test Stop

AUTO_TEST_STR

%M00102
Auto & Test Start /

Stop

6 MAINS_FAILED

%I00033
BCC Mains Failed

TMR TENTHS
MAINS_FAIL_STP

%M00104
Mains Failed Stop

1200

%R00106

PV
%R00106

7 SEL_AUTO

%I00001
Selector Switch

Auto

REM_STR

%I00036
BCC Remote Start

REMOTE_STP

%M00105
Remote Stop

TMR TENTHS
REMOTE_STR

%M00103
Remote Start

MAINS_ATS_CLS_A
LM

%M00382
Mains ATS Failed
to Close Alarm

GEN_RUNNING

%M00201
Generator

Running

5

%R00109

PV
%R00109

REMOTE_STR

%M00103
Remote Start
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8 SEL_AUTO

%I00001
Selector Switch

Auto

REM_STP

%I00037
BCC Remote

Stop

TMR TENTHS
REMOTE_STP

%M00105
Remote Stop

HIGH_HIGH_ALM

%M00300
High High Alarm

5

%R00112

PV
%R00112

HIGH_ALM

%M00320
High Alarm

MEDIUM_ALM

%M00340
Medium Alarm

9 SEL_TEST

%I00002
Selector Switch

Test

TMR TENTHS
TEST_STR

%M00106
Test Start

10

%R00115

PV
%R00115

10 SEL_TEST

%I00002
Selector Switch

Test

TMR TENTHS
TEST_STP

%M00107
Test Stop

10

%R00118

PV
%R00118

11 Generator Sequence 1 -- 2
Starting the Generator

12 GEN_RUN_OFF

%M00108
Generator Run Off

HIGH_HIGH_ALM

%M00300
High High Alarm

HIGH_ALM

%M00320
High Alarm

MEDIUM_ALM

%M00340
Medium Alarm

SEL_AUTO

%I00001
Selector Switch

Auto

AUTO_TEST_STR

%M00102
Auto & Test Start

/ Stop

STEP_1

%M00001
Step Sequence

No.1

MOVE INT

SEL_TEST

%I00002
Selector Switch

Test

AUTO_TEST_STR

%M00102
Auto & Test Start

/ Stop

2

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

SEL_MAN

%I00003
Selector Switch

Manual

MAN_STR_PB

%I00008
Manaul Start PB

13 SPD_STP_CRK

%I00017
Crank Cutout

Relay

OFDT TENTHS
GEN_RUN_OFF

%M00108
Generator Run Off

150

%R00121

PV
%R00121
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14 STEP_1

%M00001
Step Sequence

No.1

R

ENABLE_OFFLINE

%M00109
Enable Generator

to go Offline

15 Generator Sequence 2 -- 3
Generator Running at Rated Speed
Generator Warmup Time

16 SEL_AUTO

%I00001
Selector Switch

Auto

GEN_RUNNING

%M00201
Generator

Running

STEP_2_E

%M00002
Step Sequence

No.2

TMR TENTHS MOVE INT

SEL_TEST

%I00002
Selector Switch

Test

50

%R00124

PV
%R00124

3

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

17 SEL_MAN

%I00003
Selector Switch

Manual

GEN_RUNNING

%M00201
Generator

Running

STEP_2_E

%M00002
Step Sequence

No.2

TMR TENTHS MOVE INT

50

%R00127

PV
%R00127

3

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

18 SEL_AUTO

%I00001
Selector Switch

Auto

SPD_STP_CRK

%I00017
Crank Cutout

Relay

AUTO_TEST_STR

%M00102
Auto & Test Start /

Stop

STEP_2_E

%M00002
Step Sequence

No.2

MOVE INT

SEL_TEST

%I00002
Selector Switch

Test

1

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

19 SEL_AUTO

%I00001
Selector Switch

Auto

SPD_STP_CRK

%I00017
Crank Cutout

Relay

AUTO_TEST_STR

%M00102
Auto & Test Start /

Stop

STEP_2_E

%M00002
Step Sequence

No.2

MOVE INT

SEL_TEST

%I00002
Selector Switch

Test

9

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

20 SEL_MAN

%I00003
Selector Switch

Manual

SPD_STP_CRK

%I00017
Crank Cutout

Relay

MAN_STP_PB

%I00009
Manual Stop PB

STEP_2_E

%M00002
Step Sequence

No.2

MOVE INT

1

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

21 SEL_MAN

%I00003
Selector Switch

Manual

SPD_STP_CRK

%I00017
Crank Cutout

Relay

MAN_STP_PB

%I00009
Manual Stop PB

STEP_2_E

%M00002
Step Sequence

No.2

MOVE INT

9

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

22 Generator Sequence 3 -- 4
Generator Running at Rated Speed
Transfer to Generator ATS
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23 SEL_AUTO

%I00001
Selector Switch

Auto

GEN_RUNNING

%M00201
Generator

Running

STEP_3

%M00003
Step Sequence

No.3

MOVE INT

SEL_TEST

%I00002
Selector Switch

Test

4

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

24 SEL_MAN

%I00003
Selector Switch

Manual

GEN_RUNNING

%M00201
Generator

Running

MAN_TRF_GEN_PB

%I00011
Manual Transfer to

Generator PB

STEP_3

%M00003
Step Sequence

No.3

MOVE INT

4

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

25 SEL_AUTO

%I00001
Selector Switch

Auto

AUTO_TEST_STR

%M00102
Auto & Test Start /

Stop

STEP_3

%M00003
Step Sequence

No.3

MOVE INT

SEL_TEST

%I00002
Selector Switch

Test

9

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

26 SEL_MAN

%I00003
Selector Switch

Manual

MAN_STP_PB

%I00009
Manual Stop PB

STEP_3

%M00003
Step Sequence

No.3

MOVE INT

9

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

27 Generator Sequence 4 -- 5
Generator Running Online

28 SEL_AUTO

%I00001
Selector Switch

Auto

GEN_RUNNING

%M00201
Generator

Running

MAINS_ATS_CLS

%I00034
BCC Mains ATS

Closed

GEN_ATS_CLS

%I00035
BCC Generator

ATS Closed

STEP_4

%M00004
Step Sequence

No.4

MOVE INT

SEL_TEST

%I00002
Selector Switch

Test

5

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

29 SEL_MAN

%I00003
Selector Switch

Manual

GEN_RUNNING

%M00201
Generator

Running

MAINS_ATS_CLS

%I00034
BCC Mains ATS

Closed

GEN_ATS_CLS

%I00035
BCC Generator

ATS Closed

STEP_4

%M00004
Step Sequence

No.4

MOVE INT

5

1

IN Q SEQ_CNT

%R00001
Sequence
Counter
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30 SEL_AUTO

%I00001
Selector Switch

Auto

AUTO_TEST_STR

%M00102
Auto & Test Start /

Stop

STEP_4

%M00004
Step Sequence

No.4

MOVE INT

SEL_TEST

%I00002
Selector Switch

Test

9

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

31 SEL_MAN

%I00003
Selector Switch

Manual

MAN_TRF_MAINS_
PB

%I00010
Manual Transfer to

Mains PB

STEP_4

%M00004
Step Sequence

No.4

MOVE INT

3

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

32 SEL_MAN

%I00003
Selector Switch

Manual

MAN_STP_PB

%I00009
Manual Stop PB

STEP_4

%M00004
Step Sequence

No.4

MOVE INT

9

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

33 Generator Sequence 5 -- 7
Generator Running Online
Transfer to Mains ATS

34 SEL_AUTO

%I00001
Selector Switch

Auto

AUTO_TEST_STR

%M00102
Auto & Test Start /

Stop

STEP_5

%M00005
Step Sequence

No.5

MOVE INT

SEL_TEST

%I00002
Selector Switch

Test

7

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

35 SEL_MAN

%I00003
Selector Switch

Manual

MAN_TRF_MAINS_
PB

%I00010
Manual Transfer to

Mains PB

STEP_5

%M00005
Step Sequence

No.5

MOVE INT

S

ENABLE_OFFLINE

%M00109
Enable Generator

to go Offline

7

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

36 SEL_MAN

%I00003
Selector Switch

Manual

MAN_STP_PB

%I00009
Manual Stop PB

STEP_5

%M00005
Step Sequence

No.5

MOVE INT

7

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

37 Generator Sequence 7 -- 9
Generator Running
Mains ATS Closed

3URJUDP��%&&B����B� &�?3URJUDP�)LOHV?*(�)DQXF�$XWRPDWLRQ?9HUVD3UR?3URMHFW?%&&B����B� 6(4�EON

Sinnamon Road Sinnamon Park SPS SP181 Backup Generator Operation and Maintenance Manual (SE Power)

Q-Pulse Id TMS567 Active 13/12/2013 Page 351 of 393



���-XO������������ 17%�'HVLJQ��9HUVD3UR��WP� 3DJH����
38 MAINS_ATS_CLS

%I00034
BCC Mains ATS

Closed

GEN_ATS_CLS

%I00035
BCC Generator

ATS Closed

ENABLE_OFFLINE

%M00109
Enable Generator

to go Offline

STEP_7

%M00007
Step Sequence

No.7

MOVE INT

9

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

39 Generator Sequence 7 -- 3
Generator Running
Mains ATS Closed
Return to Step 3

40 MAINS_ATS_CLS

%I00034
BCC Mains ATS

Closed

GEN_ATS_CLS

%I00035
BCC Generator

ATS Closed

ENABLE_OFFLINE

%M00109
Enable Generator

to go Offline

STEP_7

%M00007
Step Sequence

No.7

MOVE INT

R

ENABLE_OFFLINE

%M00109
Enable Generator

to go Offline

3

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

41 Generator Sequence 9 -- 1
Generator Cool Down

42 SEL_AUTO

%I00001
Selector Switch

Auto

STEP_9

%M00009
Step Sequence

No.9

TMR TENTHS MOVE INT

SEL_TEST

%I00002
Selector Switch

Test

3000

%R00130

PV
%R00130

1

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

43 SEL_MAN

%I00003
Selector Switch

Manual

STEP_9

%M00009
Step Sequence

No.9

TMR TENTHS MOVE INT

10

%R00133

PV
%R00133

1

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

44 Generator Sequence 9 -- 2
Generator Restart

45 SEL_AUTO

%I00001
Selector Switch

Auto

AUTO_TEST_STR

%M00102
Auto & Test Start /

Stop

STEP_9

%M00009
Step Sequence

No.9

TMR TENTHS MOVE INT

SEL_TEST

%I00002
Selector Switch

Test

3000

%R00136

PV
%R00136

1

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

46 Generator High High Alarm
Generator Shut Down

47 HIGH_HIGH_ALM

%M00300
High High Alarm

HH_ALM_OS1

%M00110
High High Alarm

One Shot
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48 HH_ALM_OS1

%M00110
High High Alarm

One Shot

MOVE INT

1

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

49 Generator High Alarm
Generator Not Running, Move to Stop Mode, Step 1

50 HIGH_ALM

%M00320
High Alarm

SPD_STP_CRK

%I00017
Crank Cutout

Relay

H_ALM_OS1

%M00111
High Alarm One

Shot

51 H_ALM_OS1

%M00111
High Alarm One

Shot

MOVE INT

1

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

52 Generator High Alarm
Generator Running, Move to Cool Down Mode, Step 9

53 HIGH_ALM

%M00320
High Alarm

SPD_STP_CRK

%I00017
Crank Cutout

Relay

H_ALM_OS2

%M00112
High Alarm One

Shot

54 H_ALM_OS2

%M00112
High Alarm One

Shot

MOVE INT

9

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

55 Generator Medium Alarm
Generator Not Running, Move to Stop Mode, Step 1

56 MEDIUM_ALM

%M00340
Medium Alarm

SPD_STP_CRK

%I00017
Crank Cutout

Relay

M_ALM_OS1

%M00113
Medium Alarm

One Shot

57 M_ALM_OS1

%M00113
Medium Alarm

One Shot

MOVE INT

1

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

58 Generator Medium Alarm
Generator Running, Move to Transfer to Mains ATS, Step 7

59 MEDIUM_ALM

%M00340
Medium Alarm

SPD_STP_CRK

%I00017
Crank Cutout

Relay

M_ALM_OS2

%M00114
Medium Alarm

One Shot
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60 M_ALM_OS2

%M00114
Medium Alarm

One Shot

MOVE INT

7

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

61 Mains ATS FAil To Close Alarm
Generator Not Running, Move to Generator Stopped, Step 1

62 GEN_RUNNING

%M00201
Generator

Running

MAINS_ATS_CLS_A
LM

%M00382
Mains ATS Failed
to Close Alarm

M_ATS_ALM_OS1

%M00115
Mains ATS Alarm

One Shot

63 M_ATS_ALM_OS1

%M00115
Mains ATS Alarm

One Shot

MOVE INT

1

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

64 Mains ATS Fail To Close Alarm
Generator Running, Move to Transfer to Generator ATS, Step 4

65 GEN_RUNNING

%M00201
Generator

Running

MAINS_ATS_CLS_A
LM

%M00382
Mains ATS Failed
to Close Alarm

AUTO_TEST_STR

%M00102
Auto & Test Start /

Stop

M_ATS_ALM_OS2

%M00116
Mains ATS Alarm

One Shot

66 M_ATS_ALM_OS2

%M00116
Mains ATS Alarm

One Shot

MOVE INT

4

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

67 Generator Sequence Counter is Out of Range.
Reset to Step 1

68 ALW_ON

%S00007
Always ON

LT INT

SEQ_CNT

%R00001
Sequence
Counter

IN1 Q

MOVE INT

1 IN2 1

1

IN Q SEQ_CNT

%R00001
Sequence
Counter
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69 ALW_ON

%S00007
Always ON

EQ INT

SEQ_CNT

%R00001
Sequence
Counter

IN1 Q

MOVE INT

6 IN2 1

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

70 ALW_ON

%S00007
Always ON

EQ INT

SEQ_CNT

%R00001
Sequence
Counter

IN1 Q

MOVE INT

8 IN2 1

1

IN Q SEQ_CNT

%R00001
Sequence
Counter

71 ALW_ON

%S00007
Always ON

GT INT

SEQ_CNT

%R00001
Sequence
Counter

IN1 Q

MOVE INT

9 IN2 1

1

IN Q SEQ_CNT

%R00001
Sequence
Counter
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Block Name: MAIN.blk...............................................................................................................
Description: Control Logic for the Generator Sequence Steps..................................................
Block Type: Ladder.....................................................................................................................
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1 Generator Sequence No.1

Generator Stopped
2 ALW_ON

%S00007
Always ON

EQ INT

SEQ_CNT

%R00001
Sequence
Counter

IN1 Q

STEP_1

%M00001
Step Sequence

No.1

1 IN2

3 Generator Sequence No.2
Generator Starting

4 ALW_ON

%S00007
Always ON

EQ INT

SEQ_CNT

%R00001
Sequence
Counter

IN1 Q

STEP_2_E

%M00002
Step Sequence

No.2

2 IN2

5 ALW_ON

%S00007
Always ON

GE INT

SEQ_CNT

%R00001
Sequence
Counter

IN1 Q

STEP_2_GE

%M00022
Step Sequence

No.2 GE

2 IN2

6 Generator Running Logic

7 GCR

%Q00041
Governor Control

Relay

SPD_UNDER

%I00018
Under Speed

Relay

GEN_RUNNING

%M00201
Generator

Running

VOLTS_UNDER

%I00020
Under Voltage

Relay

8 Generator Starter Motor and Governor Logic

9 STEP_2_E

%M00002
Step Sequence

No.2

SPD_STP_CRK

%I00017
Crank Cutout

Relay

FAIL_STR_TM

%M00202
Failed to Start Time

CRK_CUTOUT

%M00205
Generator Crank

Cutout

SMR

%Q00040
Starter Motor

Relay
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10 STEP_2_GE

%M00022
Step Sequence

No.2 GE

HIGH_HIGH_ALM

%M00300
High High Alarm

GCR

%Q00041
Governor Control

Relay

11 Generator Fail To Start Timers and Counters

12 STEP_2_E

%M00002
Step Sequence

No.2

SPD_STP_CRK

%I00017
Crank Cutout

Relay

FAIL_STR_DLY

%M00203
Failed to Start
Pulse Delay

TMR TENTHS
FAIL_STR_TM

%M00202
Failed to Start Time

100

%R00200

PV
%R00200

13 FAIL_STR_TM

%M00202
Failed to Start Time

TMR TENTHS
FAIL_STR_DLY

%M00203
Failed to Start
Pulse Delay

100

%R00203

PV
%R00203

14 FAIL_STR_TM

%M00202
Failed to Start Time

UPCTR
FAIL_STR_CNT

%M00204
Failed to Start

Counter

STEP_2_E

%M00002
Step Sequence

No.2

%R00206

R
%R00206

3 PV

15 STEP_2_E

%M00002
Step Sequence

No.2

GCR

%Q00041
Governor Control

Relay

SPD_STP_CRK

%I00017
Crank Cutout

Relay

FAIL_STR_TM

%M00202
Failed to Start Time

TMR TENTHS
CRK_CUTOUT

%M00205
Generator Crank

Cutout

CRK_CUTOUT

%M00205
Generator Crank

Cutout

10

%R00209

PV
%R00209

16 STEP_2_GE

%M00022
Step Sequence

No.2 GE

CRK_CUTOUT

%M00205
Generator Crank

Cutout

STEP_1

%M00001
Step Sequence

No.1

ENB_STR_DLY

%M00206
Enable Start Delay

for Alarms

ENB_STR_DLY

%M00206
Enable Start Delay

for Alarms
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17 ENB_STR_DLY

%M00206
Enable Start Delay

for Alarms

TMR TENTHS
OIL_P_DLY

%M00207
Oil Pressure Alarm

Delay

100

%R00212

PV
%R00212

18 ENB_STR_DLY

%M00206
Enable Start Delay

for Alarms

TMR TENTHS
STR_UP_DLY

%M00208
Startup Alarm

Delay

300

%R00215

PV
%R00215

19 Generator Sequence No.3
Generator Running

20 ALW_ON

%S00007
Always ON

EQ INT

SEQ_CNT

%R00001
Sequence
Counter

IN1 Q

STEP_3

%M00003
Step Sequence

No.3

3 IN2

21 Generator Sequence No.4
Transfer to Generator ATS

22 ALW_ON

%S00007
Always ON

EQ INT

SEQ_CNT

%R00001
Sequence
Counter

IN1 Q

STEP_4

%M00004
Step Sequence

No.4

4 IN2

23 STEP_4

%M00004
Step Sequence

No.4

M_ATS_OPN_1

%M00209
Mains ATS Open

Command

24 STEP_4

%M00004
Step Sequence

No.4

MAINS_ATS_CLS

%I00034
BCC Mains ATS

Closed

TMR TENTHS
G_ATS_CLS_1

%M00210
Generator ATS

Close Command

20

%R00218

PV
%R00218

25 Generator Sequence No.5
Generator Running Online
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26 ALW_ON

%S00007
Always ON

EQ INT

SEQ_CNT

%R00001
Sequence
Counter

IN1 Q

STEP_5

%M00005
Step Sequence

No.5

5 IN2

27 Generator Sequence No.7
Transfer to Mains ATS

28 ALW_ON

%S00007
Always ON

EQ INT

SEQ_CNT

%R00001
Sequence
Counter

IN1 Q

STEP_7

%M00007
Step Sequence

No.7

7 IN2

29 STEP_7

%M00007
Step Sequence

No.7

G_ATS_OPN_1

%M00211
Generator ATS

Open Command

STEP_9

%M00009
Step Sequence

No.9

STEP_1

%M00001
Step Sequence

No.1

STEP_2_E

%M00002
Step Sequence

No.2

STEP_3

%M00003
Step Sequence

No.3
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30 STEP_7

%M00007
Step Sequence

No.7

GEN_ATS_CLS

%I00035
BCC Generator

ATS Closed

TMR TENTHS
M_ATS_CLS_1

%M00212
Mains ATS Close

Command

STEP_9

%M00009
Step Sequence

No.9

20

%R00221

PV
%R00221

STEP_1

%M00001
Step Sequence

No.1

STEP_2_E

%M00002
Step Sequence

No.2

STEP_3

%M00003
Step Sequence

No.3

31 Generator Sequence No.9
Generator Offline
Generator Cool Down

32 ALW_ON

%S00007
Always ON

EQ INT

SEQ_CNT

%R00001
Sequence
Counter

IN1 Q

STEP_9

%M00009
Step Sequence

No.9

9 IN2

33 Mains ATS Control Logic

34 M_ATS_OPN_1

%M00209
Mains ATS Open

Command

M_ATS_CLS_1

%M00212
Mains ATS Close

Command

MAINS_ATS_OPN_
CMD

%Q00033
BCC Mains ATS

Open Command

MAINS_ATS_OPN_
CMD

%Q00033
BCC Mains ATS

Open Command

M_ATS_CLS_ENB

%M00213
Mains ATS Close

Enable

35 GEN_ATS_CLS

%I00035
BCC Generator

ATS Closed

TMR TENTHS
M_ATS_CLS_ENB

%M00213
Mains ATS Close

Enable

300

%R00224

PV
%R00224

36 Generator ATS Control Logic
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37 G_ATS_CLS_1

%M00210
Generator ATS

Close Command

G_ATS_CLS_ENB

%M00214
Generator ATS
Close Enable

G_ATS_OPN_1

%M00211
Generator ATS

Open Command

GEN_ATS_CLS_CM
D

%Q00034
BCC Generator

ATS Close
Command

GEN_ATS_CLS_CM
D

%Q00034
BCC Generator

ATS Close
Command

38 MAINS_ATS_CLS

%I00034
BCC Mains ATS

Closed

TMR TENTHS
G_ATS_CLS_ENB

%M00214
Generator ATS
Close Enable

300

%R00227

PV
%R00227

39 Generator CB Shunt Trip Control Logic

40 HIGH_HIGH_ALM

%M00300
High High Alarm

GEN_ATS_CLS

%I00035
BCC Generator

ATS Closed

TMR TENTHS
SDAR

%Q00043
Generator Shunt

Trip Relay

HIGH_ALM

%M00320
High Alarm

20

%R00230

PV
%R00230

41 BCC Interface Relay Outputs

42 HIGH_HIGH_ALM

%M00300
High High Alarm

GEN_SD_ALM

%Q00035
BCC Generator
Shutdown Alarm

HIGH_ALM

%M00320
High Alarm

MEDIUM_ALM

%M00340
Medium Alarm

43 LOW_ALM

%M00360
Low Alarm

GEN_W_ALM

%Q00036
BCC Generator
Warning Alarm

44 FUEL_LEV_EMPTY_A
LM

%M00341
Fuel Empty Alarm

FUEL_LOW

%Q00037
BCC Low Fuel

FUEL_LEV_LOW_A
LM

%M00363
Low Fuel Level

Alarm

45 GEN_RUNNING

%M00201
Generator

Running

GEN_RUN

%Q00038
BCC Generator

Running
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46 GEN_ATS_CLS

%I00035
BCC Generator

ATS Closed

GEN_CON

%Q00039
BCC Generator

Connected

47 Local Control Panel Indicators

48 SEL_AUTO

%I00001
Selector Switch

Auto

AUTO_IND

%Q00001
Controls in Auto

Indicator

LAMP_TEST_PB

%I00005
Lamp Test PB

49 SEL_TEST

%I00002
Selector Switch

Test

TEST_IND

%Q00002
Controls in Test

Indicator

LAMP_TEST_PB

%I00005
Lamp Test PB

50 SEL_MAN

%I00003
Selector Switch

Manual

MAN_IND

%Q00003
Controls in Manual

Indicator

LAMP_TEST_PB

%I00005
Lamp Test PB

51 REMOTE_STR

%M00103
Remote Start

REM_STR_IND

%Q00004
Remote Start

Indicator

LAMP_TEST_PB

%I00005
Lamp Test PB

52 MAINS_FAILED

%I00033
BCC Mains Failed

MAINS_AVAIL_IND

%Q00005
Mains Available

Indicator

LAMP_TEST_PB

%I00005
Lamp Test PB
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53 MAINS_ATS_CLS

%I00034
BCC Mains ATS

Closed

MAINS_ATS_OPN_
ALM

%M00381
Mains ATS Failed
to Open Alarm

MAINS_ATS_CLS_A
LM

%M00382
Mains ATS Failed
to Close Alarm

MAINS_CON_IND

%Q00006
Mains Connected

Indicator

MAINS_ATS_OPN_
ALM

%M00381
Mains ATS Failed
to Open Alarm

T_1S

%S00005
1 Second Timer

Contact

MAINS_ATS_CLS_A
LM

%M00382
Mains ATS Failed
to Close Alarm

T_1S

%S00005
1 Second Timer

Contact

LAMP_TEST_PB

%I00005
Lamp Test PB

54 GEN_RUNNING

%M00201
Generator

Running

STEP_9

%M00009
Step Sequence

No.9

GEN_RUN_IND

%Q00007
Generator

Running Indicator

LAMP_TEST_PB

%I00005
Lamp Test PB

T_1S

%S00005
1 Second Timer

Contact

55 GEN_ATS_CLS

%I00035
BCC Generator

ATS Closed

GEN_ATS_OPN_AL
M

%M00383
Generator ATS
Failed to Open

Alarm

GEN_ATS_CLS_AL
M

%M00384
Generator ATS
Failed to Close

Alarm

GEN_CON_IND

%Q00008
Generator

Connected
Indicated

GEN_ATS_OPN_AL
M

%M00383
Generator ATS
Failed to Open

Alarm

T_1S

%S00005
1 Second Timer

Contact

GEN_ATS_CLS_AL
M

%M00384
Generator ATS
Failed to Close

Alarm

T_1S

%S00005
1 Second Timer

Contact

LAMP_TEST_PB

%I00005
Lamp Test PB

56 MAINS_FAILED

%I00033
BCC Mains Failed

MAINS_FAILED_I...

%Q00009
Mains Failed

Indicator

LAMP_TEST_PB

%I00005
Lamp Test PB
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57 CAN_DOORS_OPE

N

%I00048
Canopy Doors

Open

CAN_DOORS_OPE
N_IND

%Q00029
Canopy Doors
Open Indicator

LAMP_TEST_PB

%I00005
Lamp Test PB
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Block Name: _MAIN.blk.............................................................................................................
Description: Control Logic for the Call for Sub Routines............................................................
Block Type: Ladder.....................................................................................................................
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1 Written for EPAC.

Project: Brisbane City Council, Standby Generator Program.
2 FST_SCN

%S00001
Set to 1 when the
current sweep is
the first sweep

CALL

PRESETS

3

CALL

SEQ

4

CALL

MAIN

5

CALL

ALARM

6

CALL

AUD_ALM

7

CALL

MODBUS
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Block Name: PRESETS.blk........................................................................................................
Description: Control Logic Generator Presets............................................................................
Block Type: Ladder.....................................................................................................................
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1 Presets Routine

Move 1 to the Sequence Counter
2 ALW_ON

%S00007
Always ON

MOVE INT

1

1

IN Q SEQ_CNT

%R00001
Sequence Counter
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Block Name: MODBUS.blk.........................................................................................................
Description: Control Logic for the Modbus RTU Communications Data....................................
Block Type: Ladder.....................................................................................................................
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1 Generator Modbus RTU Slave Interface

40001 - Generator Sequence Number
2 ALW_ON

%S00007
Always ON

MOVE BOOL

SEL_AUTO

%I00001
Selector Switch

Auto

48

IN Q MODBUS_INPUTS

%R00002
Modbus Digital

Inputs

3 ALW_ON

%S00007
Always ON

MOVE BOOL

AUTO_IND

%Q00001
Controls in Auto

Indicator

48

IN Q MODBUS_OUTPUTS

%R00005
Modbus Digital

Outputs

4 ALW_ON

%S00007
Always ON

MOVE BOOL

GEN_OFF

%M00101
Generator OFF

16

IN Q MODBUS_STATUS...

%R00008
Modbus Status 1

5 ALW_ON

%S00007
Always ON

MOVE BOOL

GEN_RUNNING

%M00201
Generator Running

16

IN Q MODBUS_STATUS...

%R00009
Modbus Status 2
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6 ALW_ON

%S00007
Always ON

MOVE BOOL

HIGH_HIGH_ALM

%M00300
High High Alarm

100

IN Q MODBUS_ALARMS

%R00010
Modbus Alarms
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GLOBAL VARIABLES

Name Type Len Address Description Stored Val Scope Ret Ovr Ext
SEL_AUTO BIT 1 %I00001 Selector Switch Auto Global R
SEL_TEST BIT 1 %I00002 Selector Switch Test Global R
SEL_MAN BIT 1 %I00003 Selector Switch Manual Global R
EM_STOP_PB BIT 1 %I00004 Emergency Stop PB Global R
LAMP_TEST_PB BIT 1 %I00005 Lamp Test PB Global R
ALM_RESET_PB BIT 1 %I00006 Alarm Reset PB Global R
ALM_MUTE_PB BIT 1 %I00007 Alarm Mute PB Global R
MAN_STR_PB BIT 1 %I00008 Manaul Start PB Global R
MAN_STP_PB BIT 1 %I00009 Manual Stop PB Global R
MAN_TRF_MAINS_PB BIT 1 %I00010 Manual Transfer to Mains PB Global R
MAN_TRF_GEN_PB BIT 1 %I00011 Manual Transfer to Generator 

PB
Global R

SPD_STP_CRK BIT 1 %I00017 Crank Cutout Relay Global R
SPD_UNDER BIT 1 %I00018 Under Speed Relay Global R
SPD_OVER BIT 1 %I00019 Over Speed Relay Global R
VOLTS_UNDER BIT 1 %I00020 Under Voltage Relay Global R
VOLTS_OVER BIT 1 %I00021 Over Voltage Relay Global R
ALT_TEMP BIT 1 %I00022 Alternator High Temperature 

Relay
Global R

GEN_CB_TRIP BIT 1 %I00023 Generator CB Tripped Global R
MEN_FLT BIT 1 %I00024 MEN Fault Relay Global R
BAT_CHG_AC BIT 1 %I00025 Battery Charger AC Relay Global R
BAT_CONT_LOW_V BIT 1 %I00026 Control Battery Charger Low 

Voltage
Global R

BAT_STR_LOW_V BIT 1 %I00027 Start Battery Charger Low 
Voltage

Global R

MAINS_FAILED BIT 1 %I00033 BCC Mains Failed Global R
MAINS_ATS_CLS BIT 1 %I00034 BCC Mains ATS Closed Global R
GEN_ATS_CLS BIT 1 %I00035 BCC Generator ATS Closed Global R
REM_STR BIT 1 %I00036 BCC Remote Start Global R
REM_STP BIT 1 %I00037 BCC Remote Stop Global R
OIL_P_LOW_SD BIT 1 %I00041 Low Oil Pressure Shutdown Global R
OIL_P_LOW_W BIT 1 %I00042 Low Oil Pressure Warning Global R
ENG_T_HI_SD BIT 1 %I00043 High Engine Temperature 

Shutdown
Global R

ENG_T_HI_W BIT 1 %I00044 High Engine Temperature 
Warning

Global R

RAD_WATER_LOW BIT 1 %I00045 Low Radiator Water Level Global R
FUEL_LEV_LOW BIT 1 %I00046 Low Fuel Level Global R
FUEL_LEV_EMPTY BIT 1 %I00047 Fuel Empty Global R
CAN_DOORS_OPEN BIT 1 %I00048 Canopy Doors Open Global R
STEP_1 BIT 1 %M00001 Step Sequence No.1 Global
STEP_2_E BIT 1 %M00002 Step Sequence No.2 Global
STEP_3 BIT 1 %M00003 Step Sequence No.3 Global
STEP_4 BIT 1 %M00004 Step Sequence No.4 Global
STEP_5 BIT 1 %M00005 Step Sequence No.5 Global
STEP_6 BIT 1 %M00006 Step Sequence No.6 Global
STEP_7 BIT 1 %M00007 Step Sequence No.7 Global
STEP_8 BIT 1 %M00008 Step Sequence No.8 Global
STEP_9 BIT 1 %M00009 Step Sequence No.9 Global
STEP_2_GE BIT 1 %M00022 Step Sequence No.2 GE Global
GEN_OFF BIT 1 %M00101 Generator OFF Global
AUTO_TEST_STR BIT 1 %M00102 Auto  Test Start / Stop Global
REMOTE_STR BIT 1 %M00103 Remote Start Global
MAINS_FAIL_STP BIT 1 %M00104 Mains Failed Stop Global
REMOTE_STP BIT 1 %M00105 Remote Stop Global
TEST_STR BIT 1 %M00106 Test Start Global
TEST_STP BIT 1 %M00107 Test Stop Global
GEN_RUN_OFF BIT 1 %M00108 Generator Run Off Global
ENABLE_OFFLINE BIT 1 %M00109 Enable Generator to go 

Offline
Global

HH_ALM_OS1 BIT 1 %M00110 High High Alarm One Shot Global
H_ALM_OS1 BIT 1 %M00111 High Alarm One Shot Global
H_ALM_OS2 BIT 1 %M00112 High Alarm One Shot Global
M_ALM_OS1 BIT 1 %M00113 Medium Alarm One Shot Global
M_ALM_OS2 BIT 1 %M00114 Medium Alarm One Shot Global
M_ATS_ALM_OS1 BIT 1 %M00115 Mains ATS Alarm One Shot Global
M_ATS_ALM_OS2 BIT 1 %M00116 Mains ATS Alarm One Shot Global
GEN_RUNNING BIT 1 %M00201 Generator Running Global
FAIL_STR_TM BIT 1 %M00202 Failed to Start Time Global
FAIL_STR_DLY BIT 1 %M00203 Failed to Start Pulse Delay Global
FAIL_STR_CNT BIT 1 %M00204 Failed to Start Counter Global
CRK_CUTOUT BIT 1 %M00205 Generator Crank Cutout Global
ENB_STR_DLY BIT 1 %M00206 Enable Start Delay for Alarms Global
OIL_P_DLY BIT 1 %M00207 Oil Pressure Alarm Delay Global
STR_UP_DLY BIT 1 %M00208 Startup Alarm Delay Global
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GLOBAL VARIABLES

Name Type Len Address Description Stored Val Scope Ret Ovr Ext
M_ATS_OPN_1 BIT 1 %M00209 Mains ATS Open Command Global
G_ATS_CLS_1 BIT 1 %M00210 Generator ATS Close 

Command
Global

G_ATS_OPN_1 BIT 1 %M00211 Generator ATS Open 
Command

Global

M_ATS_CLS_1 BIT 1 %M00212 Mains ATS Close Command Global
M_ATS_CLS_ENB BIT 1 %M00213 Mains ATS Close Enable Global
G_ATS_CLS_ENB BIT 1 %M00214 Generator ATS Close Enable Global
HIGH_HIGH_ALM BIT 1 %M00300 High High Alarm Global
EM_STP_ALM BIT 1 %M00301 Emergency Stop Alarm Global
MEN_ALM BIT 1 %M00302 MEN Alarm Global
OIL_P_SD_ALM BIT 1 %M00303 Low Oil Pressure Shutdown 

Alarm
Global

ENG_T_SD_ALM BIT 1 %M00304 High Engine Temperature 
Shutdown Alarm

Global

RAD_WATER_LOW_ALM BIT 1 %M00305 Low Radiator Water Level 
Alarm

Global

SPD_OVER_ALM BIT 1 %M00306 Over Speed Alarm Global
RAD_WATER_LOW_DLY BIT 1 %M00315 Radiator Water Level Low 

Delay
Global

SPD_OVER_DLY BIT 1 %M00316 Over Speed Delay Timer Global R
HIGH_ALM BIT 1 %M00320 High Alarm Global
SPD_UNDER_ALM BIT 1 %M00321 Under Speed Alarm Global
VOLTS_UNDER_ALM BIT 1 %M00322 Alternator Voltage Under 

Alarm
Global

VOLTS_OVER_ALM BIT 1 %M00323 Alternator Voltage Over 
Alarm

Global

GEN_CB_TRIP_ALM BIT 1 %M00324 Generator CB Tripped Alarm Global
ALT_TEMP_ALM BIT 1 %M00325 Alternator High Temperature 

Alarm
Global

SPD_UNDER_DLY BIT 1 %M00331 Under Speed Alarm Delay Global
VOLTS_UNDER_DLY BIT 1 %M00332 Under Voltage Alarm Delay Global
VOLTS_OVER_DLY BIT 1 %M00333 Over Voltage Alarm Delay Global
MEDIUM_ALM BIT 1 %M00340 Medium Alarm Global
FUEL_LEV_EMPTY_ALM BIT 1 %M00341 Fuel Empty Alarm Global
FAIL_TO_STR_ALM BIT 1 %M00342 Fail to Start Alarm Global
FUEL_LEV_EMPTY_DLY BIT 1 %M00351 Fuel Level Empty Alarm 

Delay
Global

LOW_ALM BIT 1 %M00360 Low Alarm Global
OIL_P_W_ALM BIT 1 %M00361 Low Oil Pressure Warning 

Alarm
Global

ENG_T_W_ALM BIT 1 %M00362 High Engine Temperature 
Warning Alarm

Global

FUEL_LEV_LOW_ALM BIT 1 %M00363 Low Fuel Level Alarm Global
BAT_CHG_AC_ALM BIT 1 %M00364 Battery Charger AC Alarm Global
BAT_CONT_LOW_V_ALM BIT 1 %M00365 Control Battery Charger Low 

Voltage Alarm
Global

BAT_STR_LOW_V_ALM BIT 1 %M00366 Start Battery Charger Low 
Voltage Alarm

Global

FUEL_LEV_LOW_DLY BIT 1 %M00373 Fuel Level Low Alarm Delay Global R
BAT_CHG_AC_DLY BIT 1 %M00374 Battery Charger AC Failure 

Delay
Global R

BAT_CONT_LOW_V_DLY BIT 1 %M00375 Control Battery Low Voltage 
Delay

Global R

BAT_STR_LOW_V_DLY BIT 1 %M00376 Start Battery Low Voltage 
Delay

Global R

MAINS_ATS_OPN_ALM BIT 1 %M00381 Mains ATS Failed to Open 
Alarm

Global

MAINS_ATS_CLS_ALM BIT 1 %M00382 Mains ATS Failed to Close 
Alarm

Global

GEN_ATS_OPN_ALM BIT 1 %M00383 Generator ATS Failed to 
Open Alarm

Global

GEN_ATS_CLS_ALM BIT 1 %M00384 Generator ATS Failed to 
Close Alarm

Global

NEW_ALM BIT 1 %M00400 New Alarm Global R
%M00401 BIT 1 %M00401 **No Description** Global R
%M00402 BIT 1 %M00402 **No Description** Global R
%M00403 BIT 1 %M00403 **No Description** Global R
%M00404 BIT 1 %M00404 **No Description** Global R
%M00405 BIT 1 %M00405 **No Description** Global R
%M00406 BIT 1 %M00406 **No Description** Global R
%M00421 BIT 1 %M00421 **No Description** Global R
%M00422 BIT 1 %M00422 **No Description** Global R
%M00423 BIT 1 %M00423 **No Description** Global R
%M00424 BIT 1 %M00424 **No Description** Global R
%M00425 BIT 1 %M00425 **No Description** Global R
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GLOBAL VARIABLES

Name Type Len Address Description Stored Val Scope Ret Ovr Ext
%M00441 BIT 1 %M00441 **No Description** Global R
%M00442 BIT 1 %M00442 **No Description** Global R
%M00461 BIT 1 %M00461 **No Description** Global R
%M00462 BIT 1 %M00462 **No Description** Global R
%M00463 BIT 1 %M00463 **No Description** Global R
%M00464 BIT 1 %M00464 **No Description** Global R
%M00465 BIT 1 %M00465 **No Description** Global R
%M00466 BIT 1 %M00466 **No Description** Global R
%M00481 BIT 1 %M00481 **No Description** Global R
%M00482 BIT 1 %M00482 **No Description** Global R
%M00483 BIT 1 %M00483 **No Description** Global R
%M00484 BIT 1 %M00484 **No Description** Global R
AUTO_IND BIT 1 %Q00001 Controls in Auto Indicator Global
TEST_IND BIT 1 %Q00002 Controls in Test Indicator Global
MAN_IND BIT 1 %Q00003 Controls in Manual Indicator Global
REM_STR_IND BIT 1 %Q00004 Remote Start Indicator Global
MAINS_AVAIL_IND BIT 1 %Q00005 Mains Available Indicator Global
MAINS_CON_IND BIT 1 %Q00006 Mains Connected Indicator Global
GEN_RUN_IND BIT 1 %Q00007 Generator Running Indicator Global
GEN_CON_IND BIT 1 %Q00008 Generator Connected 

Indicated
Global

MAINS_FAILED_IND BIT 1 %Q00009 Mains Failed Indicator Global
EM_STOP_IND BIT 1 %Q00010 Emergency Stop Indicator Global
MEN_FLT_IND BIT 1 %Q00011 MEN Fault Indicator Global
OIL_P_LOW_SD_IND BIT 1 %Q00012 Low Oil Pressure Shutdown 

Indicator
Global

OIL_P_LOW_W_IND BIT 1 %Q00013 Low Oil Pressure Warning 
Indicator

Global

ENG_T_HI_SD_IND BIT 1 %Q00014 High Engine Temperature 
Shutdown Indicator

Global

ENG_T_HI_W_IND BIT 1 %Q00015 High Engine Temperature 
Warning Indicator

Global

RAD_WATER_LOW_IND BIT 1 %Q00016 Low Radiator Water Level 
Indicator

Global

FUEL_LEV_EMPTY_IND BIT 1 %Q00017 Fuel Empty Indicator Global
FUEL_LEV_LOW_IND BIT 1 %Q00018 Low Fuel Level Indicator Global
SPD_OVER_IND BIT 1 %Q00019 Over Speed Indicator Global
SPD_UNDER_IND BIT 1 %Q00020 Under Speed Indicator Global
FAIL_TO_STR_IND BIT 1 %Q00021 Fail to Start Indicator Global
VOLTS_UNDER_IND BIT 1 %Q00022 Alternator Voltage Under 

Indicator
Global

VOLTS_OVER_IND BIT 1 %Q00023 Alternator Voltage Over 
Indicator

Global

ALT_TEMP_IND BIT 1 %Q00024 Alternator High Temperature 
Indicator

Global

GEN_CB_TRIP_IND BIT 1 %Q00025 Generator CB Tripped 
Indicator

Global

BAT_CHG_AC_IND BIT 1 %Q00026 Battery Charger AC Indicator Global
BAT_CONT_LOW_V_IND BIT 1 %Q00027 Control Battery Charger Low 

Voltage Indicator
Global

BAT_STR_LOW_V_IND BIT 1 %Q00028 Start Battery Charger Low 
Voltage Indicator

Global

CAN_DOORS_OPEN_IND BIT 1 %Q00029 Canopy Doors Open Indicator Global
MAINS_ATS_OPN_CMD BIT 1 %Q00033 BCC Mains ATS Open 

Command
Global

GEN_ATS_CLS_CMD BIT 1 %Q00034 BCC Generator ATS Close 
Command

Global

GEN_SD_ALM BIT 1 %Q00035 BCC Generator Shutdown 
Alarm

Global

GEN_W_ALM BIT 1 %Q00036 BCC Generator Warning 
Alarm

Global

FUEL_LOW BIT 1 %Q00037 BCC Low Fuel Global
GEN_RUN BIT 1 %Q00038 BCC Generator Running Global
GEN_CON BIT 1 %Q00039 BCC Generator Connected Global
SMR BIT 1 %Q00040 Starter Motor Relay Global
GCR BIT 1 %Q00041 Governor Control Relay Global
AAR BIT 1 %Q00042 Audible Alarm Relay Global
SDAR BIT 1 %Q00043 Generator Shunt Trip Relay Global
SEQ_CNT WORD 1 %R00001 Sequence Counter Global R
MODBUS_INPUTS WORD 1 %R00002 Modbus Digital Inputs Global R
MODBUS_OUTPUTS WORD 1 %R00005 Modbus Digital Outputs Global R
MODBUS_STATUS_1 WORD 1 %R00008 Modbus Status 1 Global R
MODBUS_STATUS_2 WORD 1 %R00009 Modbus Status 2 Global R
MODBUS_ALARMS WORD 1 %R00010 Modbus Alarms Global R
%R00100 WORD 3 %R00100 **No Description** Global R
%R00103 WORD 3 %R00103 **No Description** Global R
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GLOBAL VARIABLES

Name Type Len Address Description Stored Val Scope Ret Ovr Ext
%R00106 WORD 3 %R00106 **No Description** Global R
%R00109 WORD 3 %R00109 **No Description** Global R
%R00112 WORD 3 %R00112 **No Description** Global R
%R00115 WORD 3 %R00115 **No Description** Global R
%R00118 WORD 3 %R00118 **No Description** Global R
%R00121 WORD 3 %R00121 **No Description** Global R
%R00124 WORD 3 %R00124 **No Description** Global R
%R00127 WORD 3 %R00127 **No Description** Global R
%R00130 WORD 3 %R00130 **No Description** Global R
%R00200 WORD 3 %R00200 **No Description** Global R
%R00203 WORD 3 %R00203 **No Description** Global R
%R00206 WORD 3 %R00206 **No Description** Global R
%R00209 WORD 3 %R00209 **No Description** Global R
%R00212 WORD 3 %R00212 **No Description** Global R
%R00215 WORD 3 %R00215 **No Description** Global R
%R00218 WORD 3 %R00218 **No Description** Global R
%R00221 WORD 3 %R00221 **No Description** Global R
%R00224 WORD 3 %R00224 **No Description** Global R
%R00227 WORD 3 %R00227 **No Description** Global R
%R00230 WORD 3 %R00230 **No Description** Global R
%R00300 WORD 3 %R00300 **No Description** Global R
%R00303 WORD 3 %R00303 **No Description** Global R
%R00306 WORD 3 %R00306 **No Description** Global R
%R00309 WORD 3 %R00309 **No Description** Global R
%R00312 WORD 3 %R00312 **No Description** Global R
%R00315 WORD 3 %R00315 **No Description** Global R
%R00318 WORD 3 %R00318 **No Description** Global R
%R00321 WORD 3 %R00321 **No Description** Global R
%R00324 WORD 3 %R00324 **No Description** Global R
%R00327 WORD 3 %R00327 **No Description** Global R
%R00330 WORD 3 %R00330 **No Description** Global R
%R00333 WORD 3 %R00333 **No Description** Global R
%R00336 WORD 3 %R00336 **No Description** Global R
%R00339 WORD 3 %R00339 **No Description** Global R
FST_SCN BIT 1 %S00001 Set to 1 when the current 

sweep is the first sweep
Global R

LST_SCAN BIT 1 %S00002 Reset from 1 to 0 when the 
current sweep is the last 
sweep

Global R

T_10MS BIT 1 %S00003 0.01 Second Timer Contact Global R
T_100MS BIT 1 %S00004 0.1 Second Timer Contact Global R
T_1S BIT 1 %S00005 1 Second Timer Contact Global R
T_1M BIT 1 %S00006 1 Minute Timer Contact Global R
ALW_ON BIT 1 %S00007 Always ON Global R
ALW_OFF BIT 1 %S00008 Always OFF Global R
PLC_BAT BIT 1 %S00014 Set to indicate a bad battery 

in the CPU
Global R

%R00133 WORD 3 %R00133 **No Description** Global R
%R00136 WORD 3 %R00136 **No Description** Global R
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GLOBAL SUMMARY OF HIGHEST USED REFERENCE ADDRESSES

MEMORY AREA ADDRESS
Analog Input  (%AI) None Used
Analog Output  (%AQ) None Used
Input  (%I) %I00048
Output  (%Q) %Q00048
Internal Memory  (%M) %M00484
Register  (%R) %R00341
Genius Global  (%G) None Used
Genius Global  (%GA) None Used
Genius Global  (%GB) None Used
Genius Global  (%GC) None Used
Genius Global  (%GD) None Used
Genius Global  (%GE) None Used
Temporary  (%T) None Used
System (%S) %S00007
System (%SA) None Used
System (%SB) None Used
System (%SC) None Used
Program (%P) None Used
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