FOREWORD

This manual contains information for the correct operation and maintenance of
your Powerlink generator sets which with 501K, 701HC, PLC-5110, PLC-5220,
PLC-5310 and PLC-55X control panels. It also includes important safety
information, installation instruction and troubleshooting guidelines.

Keep this manual with the equipment. If the equipment is traded or sold, give
the manual to the set owner.

This manual does not cover diesel engine and alternator maintenance
procedures. Consult the engine and the alternator operation and maintenance
manuals.

To make certain that your expectations are matched, we ask that you
read carefully through the instruction book before starting and operating

the generating sets.

Sincerely
POWERLINK MACHINE COMPANY

Generating Set Data
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SECTION 1 GENERAL SAFETY INFORMATION

All users of mechanical and electrical equipment will realize the importance of safety and the
health of operators and others involved with such equipment. It is essential that sensible
precautions are taken in this regard whenever generating sets are supplied and installed.

In addition, there is considerable legislation in existence regarding this. It is impossible to
specify it in detail for each country due to the complex nature and continual changes occurring,
but users are advised to check up on special requirements pertaining to their own country.

Read this chapter very carefully. It concerns your safety. How safety information is presented in
the instruction book and on the product is described here. You will also find an overall picture of
the basic safety which marked on the generating sets for operation of the generating sets.

CLARIFICATION OF NOTATION USED
WITHIN THIS PUBLICATION.

Incorrect operation can lead to injuries and/or property damage. It is therefore important to read
through the instruction book very carefully before you installate, start or operate the generating
sets and maintenance or service work.

Highlights an essential element of a procedure to

ANDTE: ensure

correctness.

CAUTION!
A Indicates a procedure or practice which, if not strictly
CAUTION!  observed, could result in damage or destruction of
equipment.

® WARNING!

WARNING! |ndicates a procedure or practice, which could result
in injury to personnel or loss of life if not followed

A correctly.

Powerlink owns the copyright to this manual, which
@ cannot be copied, reproduced or disclosed to a third
party without prior written permission.
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SAFETY INSTRUCTIONS FOR INSTALLATION,
OPERATION & MAINTENANCE

A GENERAL

A) Check that all necessary or available guards are correctly fitted.

B) Check generating set is securely mounted.

C) Check all mechanical connections are satisfactory.

D) Check all electrical connections are correct, safely insulated and suitably earthed.
E) Check service and maintenance persons are competent and adequately trained.
F) Keep generating set clean and generator house tidy.

G) Always disconnect starter battery before commencing maintenance operations.

A TRANSPORTING

Always shutdown engine before transporting.

Never transport generator with air intake doors open.

Tighten fuel tank cap securely.

Drain fuel when transporting generator over long distances or bad roads.

Always tie-down the generator during transportation by securing the generator.

If generator is mounted on a trailer, make sure trailer complies with all local and state safety
transportation laws. See the page for basic towing procedures.

A FUEL & OIL

A) Rectify any fuel or lubricating oil leaks immediately observed.

B) Clean up any fuel or lubrication oil spillages immediately.

C) Avoid contact with fuel or lubricating oils. Wash fully if contact made. Persons with allergies
should wear protective gloves.

A\ STARTING BATTERIES

D) Handle batteries with care and in accordance with the recommendations given. When
preparing for use wear protective clothing, in particular guard the eyes.

E) Lead acid batteries contain dilute sulphuric acid. Wash well with water if spilt and contact
made with eyes wash well and obtain medical attention.

F) Alkaline batteries contain alkaline which is corrosive and can cause burns. Wash well with
water if spilt, cover any burns and obtain medical attention.

G) Keep battery areas well ventilated as they produce explosive gases. Avoid sparks, flames
and smoking near batteries. Break circuits before connecting or disconnecting or
disconnecting and ensure connections are sound.

H) If mixing acid and water it is essential to dilute acid by adding to water and stirring well.
Never add water to the acid. Wear protective clothing.
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A\ ELECTRIC POWER

A) Only qualified electricians should be allowed to work on electrical equipment. All
connections should be insulated and wiring boxes and panels should be fully protected.
B) Operators should be trained for trained for treatment of electrical shocks.

A\ Emergencies

Always know the location of the nearest fire extinguisher and first aid kit. Know the location of
the nearest telephone.
Also know the phone numbers of the nearest ambulance, doctor and fire department.

A\ Maintenance Safety

NEVER lubricate components or attempt service on a running machine.

Always allow the machine a proper amount of time to cool before servicing.

Keep the machinery in proper running condition.

Fix damage to the machine immediately and always replace broken parts.

Dispose of hazardous waste properly. Examples of potentially hazardous waste are used motor
oil, coolant, fuel, and fuel filters.

DO NOT use plastic containers to dispose of hazardous waste.

DO NOT pour waste, oil, coolant or fuel directly onto the ground, down a drain or into any water
source

A Loading and Unloading (Crane)

Before lifting, make sure the generator's lifting hook is secure and that there is no apparent
damage to the generator itself (loose screws, nuts and bolts). If any part is loose or damaged,
please take corrective action before lifting.

Always drain fuel prior to lifting.

Always make sure crane or lifting device has been properly secured to the hook of guard frame
on generator.

NEVER lift the machine while the engine is running.

Use adequate lifting cable (wire or rope) of sufficient strength.
When lifting the generator, always use the balanced center-point suspension hook and lift
straight upwards.

NEVER allow any person or animal to stand underneath the machine while lifting.
When loading the generator on a truck, be sure to use the front and back frame bars as a
means to secure the generator during transport.

NOTE:
When the generator is not in use, close the rain doors to keep the internal area clean and
protected from rodents.
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A\ DIESEL ENGINE

Improper practices, carelessness, or ignoring the warnings can cause burns, curs, mutilation,
asphyxiation or other personal injury or death.

Read and understand all of the safety precautions and warnings before performing any repair.
This list contains the general safety precautions that must be followed to provide personal
safety .

Special safety precautions are included in the procedures when they apply.

1 Work in an area surrounding the product that is dry, well lit, ventilated, free from clutter,
loose tools, parts, ignition sources and hazardous substances. Be aware of hazardous
conditions that can exist.

Always wear protective glasses and protective shoes when working.
Rotating parts can cause cuts, mutilation or strangulation.

Do not wear loose-fitting or torn clothing .Remove all jewelry when working.

a b~ 0N

Disconnect the battery (negative [-]Jcable first) and discharge any capacitors before
beginning any repair work. Disconnect the air starting motor if equipped to prevent
accidental engine starting, Put a “Do Not Operate ” tag in the operator’s compartment or
on the controls.

6 Use ONLY the proper engine barring techniques for manually rotating the engine. Do not
attempt to rotate the crankshatft by pulling or prying on the fan .This practice can cause
serious personal injury, property damage, or damage to the fan blade(s) causing
premature fan failure.

7 If an engine has been operating and the coolant is hot, allow the engine to cool before
slowly loosening the filler cap to relieve the pressure from the cooling system.

8 Always use blocks or proper stands to support the product before performing any service
work. Do not work on anything that is supported ONLY by lifting jacks or a hoist.

9 Relieve all pressure in the air, oil, fuel, and cooling systems before any lines, fittings, or
related items are removed or disconnected. Be alert for possible pressure when
disconnecting any device from a system that utilizes pressure. Do not check for pressure
leaks with your hand .High pressure oil or fuel can cause personal injury.

10 To reduce the possibility of suffocation and frostbite, wear protective clothing and ONLY
disconnect liquid refrigerant ( Freon ) lines in a well ventilated area .To protect the
environment ,liquid refrigerant systems must be properly emptied and filled using
equipment that prevents the release of refrigerant gas (fluorocarbons) into the lifting
atmosphere. Federal law requires capturing and recycling refrigerant.

11 To reduce the possibility of personal injury, use a hoist or get assistance when lifting
components that weigh 23 kg [50 Ib ] or more. Make sure all lifting devices such as chains,
hooks or slings are in good condition and are of the correct capacity .Make sure hooks
are positioned correctly. Always use a spreader bar when necessary. The lifting hooks
must not be side —loaded.

12 Corrosion inhibitor, a component of SCA and lubricating oil, contains alkali. Do not get the
substance in eyes .Avoid prolonged or repeated contact with skin. Do not swallow
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internally .In case of contact , immediately wash skin with soap and water, In case of
contact, immediately flood eyes with large amounts of water for a minimum of 15 minutes
IMMEDIATELY CALL A PHYSICIAN . KEEP OUT OF REACH OF CHILDREN.

13 Naptha and Methyl Ethyl Ketone (MEK) are flammable materials and must be used with
caution. Follow the manufacturer’s instructions to provide complete safety when using
these materials. KEEP OUT OF REACH OF CHILDREN.

14 To reduce the possibility of burns, be alert for hot parts on products that have just been
turned off, and hot fluids in lines , tubes , and compartments.

15 Always use tools that are in good condition .Make sure you understand how to use the
tools before performing any service work .Use ONLY genuine Cummins or Cummins
ReConr replacement parts.

16 Always use the same fastener part number (or equivalent) when replacing fasteners. Do
not use a fastener of lesser quality if replacements are necessary.

17 Do not perform any repair when fatigued or after consuming alcohol or drugs that can
impair your functioning.

18 Some state an federal agencies in the United States of America have determined that
used engine oil can be carcinogenic and can cause reproductive toxicity. Avoid inhalation
of vapors, ingestion, and prolonged contact with used engine oil.

19 Liquified petroleum gas is heavier than air and can accumulate near the floor, in sumps ,
and low-lying areas.

20 Natural gas is lighter than air and can accumulate under hood and awnings.

21 To reduce the possibility of suffocation and frostbite, wear protective clothing and ONLY
disconnect natural gas and liquefied petroleum gas lines in a well ventilated area.

22 Coolant is toxic. If not reused, dispose of in accordance with local environmental
regulations.

A SYMBOL MEANINGS ON THE GENERATING SETS

To reduce the risk of electrical shock, injury or death caused by explosion of fuel or moving parts,
and to ensure the safe operation of this unit, the following symbols have been placed throughout

the manual. Where these symbols appear, servicing must be performed only by qualified
personnel.

DANGEROUS VOLTAGE
This symbol indicates a “dangerous voltage” exists in this area of the product. Use

caution whenever working in the area to prevent electrical shock.

ATTENTION
This symbol indicates important installation, operation or maintenance instructions.
Always follow these instructions closely.

CAUTION HAND INJURED

| This symbol indicates the need for following approved procedures for handling
electrostatic-sensitive components.
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NO MATCHES OR OPEN FLAMES

~"'| This symbol indicate a fire or explosive hazard exists in this area of the product. Use

caution whenever working in the area to prevent the possible combustion of fuel or
vapors.

NO LIFTING & MECHANICAL OR MOVING PARTS HAZARD
These symbols indicate the presence of a “mechanical or moving parts hazard” in this
area of the product. Use caution whenever working in the area to prevent possible

injury to the operator or service personnel.

MAINTENANCE MARK & LEAK HAZARD

': This symbol indicates a “leak hazard” exists in this area of the product. Use caution

whenever working in the area to prevent and correct any leaks detected.

CAUTION HAND INJURED
This symbol indicates the presence of high temperatures which result from the

'~ operation of the system. To prevent burns, do not touch these areas while the system

is in operation or immediately after it has been turned off.

REFER THE MANUAL

| This symbol is used in certain cases on our products and refer to important

information in the instruction book and the manual when you operating the generator
sets or when you have some trouble.

BE CAREFUL OPEN
This symbol indicates this area of the product must be carefully opened.

LIFTING POINT
This symbol indicates here is the place you can lift the product and transport it.

EMERGENCY STOPPING

This symbol indicates this is the button for stopping the generator sets emergently

when there is dangerous or you have some trouble.
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SECTION 2 GENERATORS INTRODUCTION

Generator introduction is a power plant equipment which provide electric power for oneself,
internal-combustion engine provide power, drive alternator generate electricity.

Contemporaneity generator is made up of engine, alternator and control system and so on
mostly parts. internal-combustion is power equipment, it drive the generator run, alternator
generate electricity, control system control and monitor generators running. Particularly, whole
generator include three phase AC dynamotor, control box, radiator, joint-axes, fuel trunk,
common base and otherwise.

Brief describe standard fittings as follow:

1 Water tank and radiator 8 Air Switch

2 Heat Shield Protection 9 Anti Vibration-mounting
3 Engine 10 Warring and notes

4 Air cleaner 11 Control panel box

5 Generato(r)?l ?ratl?]iand daily 12  Alternator brand and notes
6 Alternator 13 Storage Battery

7 Control panel 14 Battery Charger
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SECTION 3 INSTALLATION

3.1 INTRODUCTION & OVERVIEW

This section of the manual provides installation instructions for Powerlink's Industrial generator
sets (gensets). This manual will contain the following information:

1. Mounting Recommendations — This section provides mounting recommendations for
fastening the generator set to a mounting skid (base), allowing the proper space requirements
for normal operation, and service requirements.

2. Mechanical Connections — This section provides the location of connection points for fuel,
exhaust, ventilation, and cooling. The contents of this section as follow:

3. Electrical Connections — This section provides the location of electrical connection points
for the control, generator, and starting system.

4. Transfer Switch — It provides the location of electrical connection points for Transfer switch.

5. Initial Start-Up — This section provides information to test the complete system to ensure
proper installation, satisfactory performance, and safe operation. Refer to the Operation manual
for troubleshooting information.

6. Installation Checklist — This section provides reference checks upon completion of
installation.

7. Installation Checklist —This section provides the location of electrical connection points for
battery starting system.

3.2 Mounting Foundation & Mounting
Room Size

Open frame generators must be protected from the environment while having good ventilation

and cooling. Here are some considerations for planning a generator room or enclosure:

* Never use the Genset room for storage.

« The room must be large enough to contain the Genset and all the accessories, such as
batteries and their charging system, transfer switch and other controls, and elements of the
cooling and fuel systems.

+ 2 feet minimum (preferably 4 feet), must be allowed on the two sides and the front of the
engine for service access. Allow clearance between hot parts of the system (exhaust) and
structural members of the building.

* On the generator end of the engine, allow a space equal to the length of the generator
(generator length only, not the entire Genset).

« Certain safety and building codes may require the Genset room not to be used to house any
other mechanical or electrical equipment.
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Room Location

Often a separate building located on the site away from the main building is the most simple and
cost effective. Major considerations when housing the Genset in a separate building are:

» Maintain the building at a satisfactory temperature year round (to meet applicable codes).
* Assure the Genset is not located so far from the emergency loads that reliability is
compromised.

The floor’s load carrying capacity must be checked and must exceed the weight of the Genset
and its associated equipment.

L
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Typical Mount Design for Stationary Genset Applications

ANOTE: Number of mount locations depends on genset size/weight.

Ammz: Consult Mount Suppliers or Powerlink Application Engineering for further details.

Utility Power

During periods when the generator is not running, utility power must be provided to power
critical components. Battery chargers, block heaters, space heaters and other devices must
have power to maintain the generator set components and allow fast easy starting.
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Mounting the Generator Set
Generator sets are mounted on a steel skid that provides proper support. Vibration isolators are

recomm_ended bet_vveen the skid an_d the
= foundation to provide stable operation and
vibration Isolator avoid installation damage. Bolting the generator
Flange set directly to the floor or foundation can result
in excessive noise and vibration, and possible
Hex Nut damage to the genset and floor foundation.
F'“;g;ﬁ:;’ e Mount the generator set on a substantial and
level base such as a concrete pad. Use 3/4 inch
+ anchored mounting bolts to secure the vibration
Mounting 1'”2;5 o isolators to the skid using flat or bevel washers
Base - Pe 12 in. and hexagonal nut for each bolt. (See Figure

(305 mm) 1 XX left.)

Mounting
Bolt

- The isolators should be located as shown on
the genset outline drawing.

Figure XX. Bolt Diagram

Engine Mounting Guidelines

Mount Requirements:

Must support weight of engine/generator assembly (engine + generator + frame +
accessories)

Must limit the static bending moment at the rear face of the block (engine data sheet)

Must provide vibration and noise isolation

Weight of assembly:
Refer to engine data sheet for engine
Refer to Generator set assembler for package weight

Foundation:
Concrete pad minimum 6” above existing floor and extend 12” beyond Genset base
Concrete, floor, or roof must be designed to support at least 2.0 times Genset weight
Must be Flat to prevent genset base deflection
Type ‘I’ or’L’ bolts need to be used to anchor the Genset base/isolators to concrete.

Vibration Isolators:
Must be used to reduce noise and vibration transmitted to the foundation or building.
Engine speed, assembly size and weight must be considered when designing mounts
Suggest visit to www.lordmpd.com, www.aeroflex.com for mount information.
ANOTE: Check local building codes for specific mounting requirements.

ANOTE: If ground freezing is possible, the foundation must extend below the frost line.

10



POUE. Installation Operation & Maintenance
rewer syerens Manual for Generating Sets

Genset Location Considerations
Both Indoor and Outdoor issues to consider:

Generator set mounting

Location of switchgear

Branch circuits for coolant heaters, battery charger, etc.

Security from flooding, fire, icing, and vandalism.

Containment of spilled or leaked fuel and coolant.

Possible simultaneous damage to normal and emergency services.

Service access for general maintenance and inspections.

Access and working space for major work such as overhauls or component removal/
replacement.

Typical Outdoor Considerations:

Airborne noise and noise treatment - check local codes

Types of housings - container, drop over, sound attenuation features

Service access - housing design and placement close to other equipment or structures
Property line distances - check local codes

Engine exhaust - away from buildings and building openings

Grounding - electrodes or grounding rings may be required

Lightning protection

Security fences and site barriers

Typical Indoor Considerations:

Dedicated generator room - airflow required for genset and other equipment

Room requires fire rating - check local codes for fire resistance requirements

Working space - check local codes, space for genset repairs

Genset cooling system design - genset or remote mounted, required air flow through room
Room fresh air ventilation - remote cooling systems will require room fans

Engine exhaust - may require insulation to contain room heat, routed away from buildings
Fuel storage and piping - check local codes, accessibility for refueling

Temporary load bank connection - recommended for exercising

Access for installation, service and maintenance - large access doors for equipment
Rooftop installations - building structural design for vibration, weight, fuel delivery

Access to Set

Whenever choosing a generator site location, always allow room for service personnel and
operators to gain the proper access to the unit. Always provide adequate lighting around the
unit.

For convenience in general servicing such as radiator, fan belt, and oil filter maintenance, the
surface of the mounting base should be at least 6 inches (152mm) above the floor.

11



Installation Operation & Maintenance
Manual for Generating Sets

Vibration Isolators
Installation and Adjustment Procedure

1. Place the vibration isolators on the genset support structure. The isolators should be

Vibration Isolator

shimmed or grouted to ensure that all of the
isolator bases are within 0.25 inch (6 mm)
elevation of each other. The surface the isolator
bases rest on must also be flat and level. (See
Figure XX to the left and below.)

2. Loosen the snubber lock nuts so that the top
plate of the isolator is free to move vertically and
horizontally. Be sure the top plate is correctly
aligned with the base and springs.

3. Place the genset onto the isolators while
aligning the skid's mounting with the threaded
isolator hole. The top plates will move down and
approach the base of the isolator as the weight of
the generator is applied.

4. Once the genset is in position, the isolators
may require adjusting so that the set is level. The
isolators are adjusted by inserting the leveling bolt
through the skid and into the isolator (the leveling
bolt's locking nut should be threaded up towards
the bolt head). The leveling bolt will adjust the
clearance between the top plate and the isolator
base. A nominal clearance of 0.25 inch (6 mm) or
greater is desired. This will provide sufficient
clearance for the rocking that occur during

start-up and shutdown. If the 0.25 inch clearance is not present, turn the leveling bolt until the

desired clearance is achieved.

Figure XX. Vibration Isolator

Genset Subbase

Spring Type Isolator

142" (10mm} Expansion
joint and sealant material

3" (78mm) .
Iran Pipe* 3)

3 1 o
-] ° &m > v oo
v b v v
LN e o 2l
£ J=Bolt Ny
Foundation

Rebar

“Uss of expansion bolts alsa scoepiabie

Figure XX. Vibration Isolator Installation

12

Set mounted radiator-cooled generator sets:
Make sure radiator skid and engine/ alternator
skid are level with each other after adjusting
isolators. Improper fan belt alignment may occur
is the unit is not level.

5. Adjust the leveling bolts until the set is level
and sufficient clearance still remains. The
clearance on all isolators should be roughly equal.
Once all isolators have been set, lock the leveling
bolt in place with the lock nut.

6. The snubber nuts must remain loose and
therefore provide better isolation between the
genset and support structure.
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3.3 Exhaust System

The exhaust system must minimize exhaust restriction. Exhaust restriction must be correct to
ensure proper engine operation. Refer to product specifications for correct exhaust pressure
(inches Hg). The exhaust system should be as short and have as few bends as possible.
Engine exhaust must be directed away from occupied buildings, windows and doorways.

For aesthetic reasons, consider exhaust placement in relation to the building. Over a period of
time, exhaust gas carbon deposits will tend to accumulate on any nearby wall or structure.
Attention must also be given to exhaust noise in selecting placement of the exhaust system.

Level Of Attenuation
In general, manufacturers offer three grades of silencers: industrial, residential, and critical.
Check the attenuation curves for the silencer to assure the desired level of silencing is met.

Multi=Engine Installations

Caution: Do not connect multi-engine exhaust systems together. Each engine must have
its own exhaust system for proper operation.

Exhaust gases from an operating engine will migrate back through a non—-operating engine and
cause a hydraulic lock. This may interfere with starting of the second engine. The migrating
gases will also tend to turn the turbos which are not being provided lubrication if the engine is
not running. Do not use check valves in the exhaust system because they can .stick.

Exhaust System Installation

Proper exhaust system installation will ensure safe working conditions and maximum engine
efficiency. Always pipe exhaust gases to the outside of any enclosure. Locate the exhaust
outlets away from any air inlets to avoid gases re-entering the enclosure. Exhaust installations
are subject to various detrimental conditions such as extreme heat, infrequent operation, and
light loads.

Once the exhaust system has been installed, it is important to regularly inspect the exhaust
system both visually and audibly to see that the entire system remains fume tight and safe for
operation.

WARNING:
A Inhalation of exhaust gases can result in sever personal injury or death.

Use extreme care during installation to provide a tight exhaust system. Terminate exhaust pipe
away from enclosed or sheltered areas, windows, doors, and vents.

Use an approved thimble where exhaust pipes pass through wall or partitions. Insulated
wall/roof thimbles are used where exhaust pipes pass through a combustible roof or wall. This
should include structures, such as wood framing or insulated steel decking, etc. Uninsulated
wall/roof thimbles are used where exhaust pipes pass through a noncombustible wall or roof,
such as concrete. Refer to NFPA 37, Section 6-3 "Stationary Combustion Engines and GAs
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Turbines" for accepted design practices. Build according to the code requirements in effect at
the installation site.

WARNING:
Do not use exhaust heat to warm a room, compartment, or storage area.

Weight applied to the engine manifold can result in turbocharger damage. Support the
muffler and exhaust piping so no weight or stress is applied to the engine exhaust

Rain caps are available for the discharge end of
the vertical exhaust pipes. The rain cap clamps
onto the end of the pipe and opens from the
exhaust discharge force from the generator set.
When the generator set is stopped, the rain cap
automatically closes, protecting the exhaust

elbow.

system from rain, snow, etc.

When installing the exhaust system, use a section
of flexible exhaust pipe between the engine and
remainder of the exhaust system. Support
exhaust system to minimize weight applied to
engine exhaust outlet elbow/turbocharger

connection.

When installing the exhaust system, avoid sharp
bends by using sweeping, long radius elbows and
provide adequate support for muffler and tail pipe.
Pitch a horizontal run of exhaust pipe

DOWNWARD to allow any moisture

condensation to drain away from the engine. If an
exhaust pipe must be turned upward, install a

condensation trap at the

If exhaust line must be
pitched upward, construct
a trap at point of rise

Avoid
Shamp
Bends

Drain condensation
trap periodically
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Figure XX. Condensation Trap

Rain Cap —_

Holes in End of
Inner Sleeve

A

Roof

Drip Cap

-
9 inch minimum
(230 mm)

Fy

9 inch minimum
(230 mm)

Vertical
System

Horizontal
System

Wall or _—7
Partition

Figure XX. Mounting Exhaust Thimble

point where the rise begins. (See Figure XX Left.)
Shield or insulate exhaust lines if there is any
possibility of personal contact. Allow at least twelve
inches (12" or 305 mm) of clearance if the pipes pass
close to a combustible wall or partition.

WARNING:
Exhaust pipes are very hot and they can
cause severe personal injury or death
from direct contact or from fire hazard.
Shield or insulate exhaust pipes if there is
danger of personal contact or when routed through
walls or near other combustible materials.
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Wind Barrier

Wind blowing against air exhaust or intake openings of the Genset room must be considered,
especially where the radiator and fan are located on the engine. Wind blowing against an
exhaust opening creates restriction to the fan. Wind blowing against intake openings can blow
open gravity louvers causing low temperature and moisture problems in bad weather. A turning
vane may be required to prevent exhaust air recirculation between the exhaust louvers and the
barrier surface. This will route the exhaust upward into the atmosphere.

Rain Protection

Moisture entering the engine through an exhaust system can cause extensive damage. Exhaust
outlets must have a rain cap or be horizontal to prevent such damage. (See Figure below) .

Drip Cap & (228 mm) —’4——’—' | —4—)—}— 5" (229 mm)
Minimum Minimum
|

2 0
ﬁ Installation Through
o y Wall or Partition

Holes in End of
- 9" (225 mm) Minimum Inner Sleave
Wall or Partition
— 8" (2289 mm) Minimum

Exhaust Pipe Dia.
plus 12" {305 mm}
minimum

Instaliation
Through Roof

Halas in End of
Inner Sleeve

Flashing

3.4 Fuel System

The fuel system must provide adequate and continuous quantities of clean fuel to the Generator
Set. Bulk fuel is stored in large tanks, usually outside the building, and fuel is transferred to a
smaller tank (day tank) located near the engine.

MECHANICAL CONNECTIONS

After considering all applicable laws and finding a suitable location site for the generator set, the
installer should consider the mechanical connections that will be necessary to make during
installation. The four (4) systems that will require mechanical connections are the following:

. Fuel system

. Exhaust system

. Ventilation system

. Cooling system

Fuel System Installation
Proper installation of the fuel system is essential in obtaining proper genset performance, safe
working conditions, and preventing property and environmental damage.

It is important to have a clean installation, making every effort to prevent entrance of moisture,
dirt, or contaminants of any kind. Clean all fuel system components before installing.

Use only compatible metal fuel lines to avoid electrolysis when fuel lines must be buried. Buried
fuel lines must be protected from corrosion. Use a flexible section of tubing between the engine
and fuel supply line to provide vibration isolation.
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Refer to the generator set manual for outline drawings and detailed information.

WARNING:

Never use galvanized or copper fuel lines, fittings, or fuel tanks. Condensation in
the tank and lines combines with the sulfur in diesel fuel to produce sulfuric acid.
The molecular structure of the copper or galvanized lines or tanks reacts with the
acid and contaminates the fuel.

Injector Fuel
Return Line
; 1 V) \‘ Vented
FillCap  Float
Switch Connect to
/ AC Output
Engine
Fuel Pump —
Fuel Transfer Pump*
*Electric Moter Driven
Fill Pipe
- Vent Line
Figure XX. Typical Fuel /
Supply Installation ﬁ
Over-flow Line / _
Note:
All models require a fusl /
raturn line from injectors Supply Line
fo tank.

Supply Tank Lower than Engine Installation

If a supply tank is lower than the engine, the day tank is installed near the generator set and
within the engine fuel pump lift capability, but below the fuel injection system. Install an auxiliary
fuel pump as close as possible to the supply tank to pump fuel from the supply tank to the day
tank. A float switch in the day tank controls operation of the auxiliary fuel pump.

The supply tank top must be below the day tank top to prevent siphoning from the fuel supply to
the day tank. Provide a return line from the engine injection system return connection to the day
tank (near the top). Provide a day tank overflow line to supply tank in case the float switch fails
to shut off the fuel transfer pump.

WARNING:

Failure to provide an overflow line to the supply tank from the day tank can cause
spilled fuel, safety hazards, and damage to equipment.
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Supply Tank Higher than Engine Installation

If a supply tank is higher than the engine, the day tank is installed near the generator set, but
below the fuel injection system. Fuel lines should at least be as large as the fuel pump inlet. The
engine fuel return line must enter the day tank. Include a shutoff valve in the fuel line between
the fuel supply tank and the day tank to stop fuel flow when the generator set is off.

Supply Tank

Locate the supply fuel tank as close as possible to the generator set and within the five (5') foot
(1.5 m) lift capacity of the engine fuel pump. Install a fuel tank that has sufficient capacity to
keep the genset operating continuously at full load for at least 36 hours. Refer to the generator
set manual for detailed fuel consumption data.

WARNING:
Fuel leaks create fire and explosion hazards which can result in severe personal injury
A or death. Always use flexible tubing between engine and fuel supply to avoid line
failure and leaks due to vibration. The fuel system must meet applicable codes.

If the main fuel tank is installed below the lift capabilities of the standard engine fuel pump, a
transfer tank (referred to as a day tank) and auxiliary pump will also be required.

If an overhead main fuel tank is installed, a transfer tank and float valve will be required to
prevent fuel head pressures from being placed on the fuel system components.

For critical start applications, where generator sets are paralleled or must satisfy emergency
start-time requirements, it is recommended that a fuel tank or reservoir be located such that the
lowest possible fuel level is not less than six (6") inches (150 mm) above the fuel pump inlet.
This will prevent air from accumulating in the fuel line while the set is in standby, eliminating the
period during start-up when it has to be purged.

Day Tank (if used)

Fuel day tanks are used when the standard engine fuel pump does not have the capacity to
draw the fuel from the supply tank; or the supply tank is overhead and presents problems of
high fuel head pressure for the system.

Engine fuel Connections

Identification tags are attached to the fuel supply line and fuel return line connections by the
factory. Flexible lines for connecting between the engine and stationary fuel line are supplied as
standard equipment.

WARNING:

Fuel leaks and spills can cause environmental contamination. Make sure the area
surrounding the fuel tanks and lines will prevent fuel from entering soil, sewers, and
water.

3.5 Cooling System
Cooling System Checklist
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A. Has noise been considered?

B. Has system piping been properly sized?

C. Has system been properly protected from freeze up and corrosion?

D. Have standby equipment heaters been specified?

E. Have all electrically driven devices been connected to load side of EPS connection points?
F. Have system drain valves and air eliminators been installed?

The system consists of the cooling medium which is generally a solution of water and ethylene
glycol, a method of rejecting engine produced heat, and a means to transport cooling medium
between the engine and heat rejection system. The first determination is the type of cooling
system to use - radiator cooling or heat exchanger cooling.

Radiator Set Requirements

Radiator set cooling air is drawn past the rear of the set by a pusher fan that blows air through
the radiator (See Figure XX next page). Locate the air inlet to the rear of the genset. Make the
inlet vent opening 1-1/2 to 2 times larger than the radiator area to ensure proper cooling.

Locate the cooling air outlet (as close as possible) directly in front of the radiator. The outlet
opening must be at least as large as the radiator area. Length and shape of the air outlet duct
should offer minimum restriction to airflow.

The radiator has an air discharge duct adapter flange. Attach a canvas or sheet metal duct to
the flange and the air outlet opening using screws and nuts so duct can be removed for
maintenance purposes. The duct prevents circulation of heated air. Before installing the duct,
remove the radiator core guard.

Engine Mounted Radiator Cooling

The most simple is the engine mounted radiator shown in Figure 2-5. The radiator, water
circulating pump, fan and fan drive are mounted to the Generator Set base rails by the factory.
This method of engine cooling is the most economical, but may require large ventilation vents
and ducts. An added advantage of this arrangement is that the cooling air removes radiated
heat from the engine, generator, and other equipment located in the emergency power system
room.

The only remaining design work with the engine mounted radiator is arranging a method of
providing air to the room, and exhausting it from the radiator. (See Figure XX Duct air
installation below).

i - -4

Wind / Noise Barrier | Flexible Duct il E ' Rain
' Section [ | : :Hj’“d
. C—— : R b= = . =
Prevailing ®_ Equalto — [N B0 (B Cool Air Flow
Wind AL UL Hot Air Fill -
| Heightof — o
' Radiator ._/—

Figure XX. Mounted Radiator Installation
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Ductwork to be
supported totally
independent of

'. /engine. Rain Caps

_ Prevailing Wind

1

Flexible Duct
Section

Cool Air -
Flow

Figure XX. Duct Air Installation

Engine Mounted Radiator Cooling (With Wind/Noise Barrier)

Prevailing Wind Direction Rain Cap

Y
Rain Hood : . Exhaust
\ Automatic Engine Driven ™. Thimble
e e Cooling Fan
T ¥ ™~
] Hot Air -
Cool Air Nt - A ArFow | P Bartier
Intake ol il ir |
= HEE T T L . -y
= : HE 1= i Flexible Duct
= = Lt L SAae N Automatic
T Lowvers  [/A

Engine Mounted Radiator Cooled System With Wind/Noise Barrier

The ideal setup for cooling air would be to arrange the inlet or inlets such that relatively clean,
cool, dry air is drawn across the electrical switchgear, generator, and engine. The air is then
drawn into the radiator fan, and is blown through the radiator and exhausted by duct work
outside the building. Air inlets must be sized to minimize air restriction and provide the quantity
of air required by the radiator fan, engine combustion air, and any other air exhausts which
might be used in the room. On engine mounted radiator cooled systems, the engine mounted
fan will handle 0.25 of water column. This is combined intake and exhaust restriction.

The room air intakes must be located so as to minimize drawing exhaust fumes and other
outside contaminants into the room. Be very cautious about the location of the engine exhausts
in relation to room air intakes. Also, when locating the inlet and outlet, the consultant should
consider prevailing winds and noise. Motor operated louvers or properly designed and sized
gravity louvers should be used on the air intake and exhaust to minimize static pressure drop.
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A In cold climates, the high volume of outside air drawn into the Genset room
CAUTION! can quickly reduce temperatures in the room to freezing. Any water piping or
other equipment susceptible to freeze damage should be properly insulated or located
elsewhere.

Remote Mounted Radiator Cooling (optional)

The radiator can be mounted remotely (not mounted directly at the engine). The remote/close
system uses the same radiator type except it is mounted in another room or outside the
building,

but within close proximity to the Genset (See Figure XX Remote Radiator Cooled Installation).
The remote radiator may be mounted either vertically or horizontally. In general, the radiator will
have an electric fan to provide cooling air and may be able to utilize the engine mounted coolant
pump to provide coolant flow.

W/ Expansion Tank
Vent Line

Supply Line to Radiator
Return Line to Engine

Pressure Cap
Overflow Tube

"

" Prevailing Wind

' «—Sight and Noise Screen

Rain Caps

Mote:
Coolant flow provided

by the engine mounted

Hi—————— pump
Zl || Rain

| Hood

Cool Air

| Flow —
Ei 4—/_

Figure XX. Remote Radiator Installation

Radiator
Electric Mator = -
and Fan | ls—\ent Line
ol e— Supply Line Hot Air
Prevailing Wind Direction  —m= i Return Line Exhaust
|
*,
- Rain Cap
I Muffler I
B *
Rain Hood = Exiaust
Automatic = Eiﬂ‘;ﬁ; = Thimble
. Louvers = [
= o) |
N L] [~ Hot Air _
. —_ — 41| Exhaust Noise

Cool Air ™ A Flow pag Air Flow Barrier
Intake = 1 i

N il ™

= \ Automatic
L ‘ H Louvers g
[

Figure XX Remote Radiator Cooled System Installation
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The piping system friction and head loss between engine and radiator must be calculated and
not exceed the capacity of the engine pump. If the maximum coolant friction head loss external
to the engine is exceeded, a hot well system must be used. Before designing the piping system
using an auxiliary pump and hot well, the consultant should look very closely at increasing the
systems pipe size.

Electric motorized Power Exhaust louvers should be connected to the standby Genset and
controlled to open whenever the Genset is running. Operable outlet louvers should be
temperature actuated on remote radiator or heat exchanger cooled units. Louvers have
resistance to air flow. Openings with louvers should be twice the area of an unobstructed
opening to provide proper air flow. At times duct work is necessary to provide cooling air for the
room.

Duct work must be sized and installed according to SMACNA Standards.
The electric fan and auxiliary pump, if used, must be connected to the emergency power
system.

Radiator and cooling fan must be sized to provide the cooling capacity required at an
acceptable sound level, driven fan. As a result, the consultant must provide a means of
supplying air to the room, and exhausting it. The air movement must be provided by an
electrically driven fan. This fan may be located in the air inlet or exhaust opening. If the fan is
located on the exhaust side, care must be taken to not create a high negative pressure in the
room and starve the engine of combustion air.

Heat Exchanger (optional)

The optional heat exchanger uses a shell and tube type heat exchanger instead of the standard
radiator and fan (see Figure XX). Engine jacket and LTA coolant circulates through the shell
side of the two heat exchangers while the cooling water is pumped through the tubes. Engine
coolant and raw water do not mix. This type of cooling separation is necessary because raw
water can contain scale forming lime or other impurities.

Rain Caps

f A

F 3

_ Prevailing Wind

I ] | Rain
| || Hood
I

Warm Air
low B8R __ Cool Air
d — Flow
I /"/' ISty [ | —m=
|| Heat Exchanger T == .:;'..- !_:_: Il | | | |l ‘—/—

Cooled D00 =||

Figure XX. Heat Exchanger Installation
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This system can reduce set enclosure airflow requirements and noise levels. Proper operation
depends on a constant supply of raw water for heat removal. Adjust the flow to maintain the
proper engine jacket water coolant temperature and the LTA coolant temperature. The engine
coolant side of the system can be protected from freezing; the rqw water side cannot be
protected.

The heat exchanger cooling system can be used with a cooling tower. These systems are
complex, and consists of circulating pumps, heat exchanger for engine coolant, and cooling
tower for heat rejection. The system design requires that several pieces of equipment be sized
and installed. Overall, this system is more expensive than other methods of engine cooling.

Hot Well Installations

The following diagram shows a typical installation of a hot well cooling system.

Sight and Noise Screen
Radiator ———

Prevailing Wind  Rain Caps Return Llne-..,.

— RSuppIy Lm\

| Th|mble

[ Warm Air ‘ Rain
| Flow Hood
HotWellx\_* {]
Sight Glass ' |
Circulating Pum ' cool Air -
| Flow —

f——=

Figure XX. Hot Well Installation

One final consideration on the water side is the Maximum Static Head. This is the maximum
height allowable from the engine crank center line to the highest point in the coolant system.
The maximum static head is specified on generator specification sheets. If this number must be
exceeded, a hot well tank system must be used.

The design of hot well tanks and piping systems is somewhat complex. Your authorized
Powerlink Distributor has experience in the design and installation of hot well systems. Consult
your Powerlink Distributor if the static head of the coolant system in your Genset application
exceeds this criteria and requires a hot well system.

Cooling System Design
Remote Radiator Cooling

Remote Radiator Airflow generally assumed there will be no external restrictions to airflow. If
this is not true, restriction must be considered in sizing and selection of a cooling fan and drive
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motor. Typical examples of restrictions include landscaping, nearby buildings, air turbulence

created by buildings or other structures, and sight or noise .screens.. See Figure Remote

Radiator Fan Motor. Remote radiator cooling systems require the use of an electrically driven

fan. This fan must be connected to the emergency power source. Size of the motor is

determined by the fan size and fan speed.

1. To specify a radiator to cool the coolant you will need to determine the amount of heat
rejected to the coolant. This is listed on the Engine Data Sheet as Heat Rejected to Coolant in
BTU/min. for engines using dry or water cooled type exhaust manifolds, as applicable.

2. Determine the minimum water flow required at the engine, and the maximum top tank
temperature. Using this information, determine the heat rejection capacity required of the
radiator. Radiator systems should be sized with approximately 15% greater capacity than the
engine’s maximum full load heat rejection to allow for overload and cooling system
deterioration. Whether water flow is produced by an engine mounted or auxiliary pump, total
piping system friction loss must be calculated. To do this, Genset location, remote radiator
location and friction loss within the radiator, and piping system must be estimated.

3. Pressure drop through the radiator must be obtained from radiator manufacturer.

4. If total piping system pressure exceeds the allowable Maximum Coolant Friction Head
External to the engine as listed on the Engine Data Sheet, the coolant piping size should be
increased and/or a radiator with less restriction must be used.

5. Pressure drop in pipelines and friction of water tables may be found in most mechanical
handbooks such as. Cummins Engine Data handbook.

Other Considerations

1. Deaeration of the coolant. This can be accomplished through the use of the system
deaerators in very large systems, or simply ensuring the radiator top tank or surge tank is at
the highest point in the piping system. Unvented piping systems can create air pockets which
reduce coolant flow and can lead to engine overheating. Powerlink furnished radiators are
equipped with deaerating top tanks.

2. Flexible hoses must be installed at all engine connections and to the radiator to isolate
vibration and allow for thermal expansion.

3. Drain valves must be installed at the lowest point of the cooling system to facilitate system
cleaning and flushing.

4. Water treatment and antifreeze must be added to system coolant. Powerlink recommends
50/50 ethylene glycol and coolant treatment for all engines.

5. Thermostatically controlled engine coolant heaters are optional to be installed on all standby
Gensets. These will increase starting reliability under cold conditions, and improve the
start-up load handling ability.

6. According the NFPA 110, priority level 1 equipment jacket water heaters shall maintain
coolant at a minimum of 90 °F (32 °C). In outdoor installations where temperatures will be
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expected to drop below 32 °F (0 °C), a battery heater should be employed to keep the
batteries at a minimum of 50 °F (10 °C), and will shut off at 90 °F (32 °C). All heaters will shut
off when the engine is operating. Adequate antifreeze protection will be provided and ether

starting aids will not be permitted.

7. The consultant should also consider oil sump heaters if conditions warrant.

3.6 Ventilation System

Sufficient ventilation is essential for all generating sets. Air inlet and outlet systems should be
positioned to provide a direct cooling flow past both the engine and alternator. A generous flow
of fresh inlet air as cool as possible must be provided for by vents, ducts or windows at low

level.

Outlet systems should normally be adjacent to the engine end of the set and inline with the
radiator fitted. These should preferably be close and a canvas plenum connecting to the outlet is

ideal.

Any inlet or outlet ducts should be protected with mesh or louvers and allowance for any

obstruction by these should be made. Outlets
should be at least as the radiator cross sections.
Inlet ducts should preferably be 50% larger than
outlets.

Ventilation and Cooling

Generator Sets create considerable heat that
must be removed by proper ventilation. Outdoor
installations rely on natural air circulation but
indoor installations need properly sized and
positioned vents for adequate air flow.

Vents and Ducts

For indoor installations, locate vents so incoming
air passes through the immediate area of the
installation before exhausting. Install the air outlet
higher than the air inlet to allow for convection air
movement. Size the vents and ducts so they are
large enough to allow the required flow rate of air.
The "free area" of ducts must be as large as the
exposed area of the radiator.

Locate the outlet vent
i so the effects of wind
i”ng : are eliminated.
a i
e’ -

gty

Wind Barrier

Figure XX. Wind Barrier

Wind will restrict free airflow if it blows directly into the air outlet vent. Locate the outlet vent so
the effects of wind are eliminated (See Figure XX wind barrier and see Figure XX wind barrier

installation).

For outdoor installations, weather and silenced housings are available for the generator.
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Louvers

Louvers are automatic ventilation doors that open when the engine engages and close while not
in use. Louvers protect the genset and equipment room from the outside environment. Their
operation of opening and closing should be controlled by operation of the genset. In cooler
climates movable or discharge louvers are used.

These louvers allow the air to be recirculated back to the equipment room. This enables the
equipment room to be heated while the genset engine is still cold, increasing the engine
efficiency.

Rain Caps
i A
Wind / Noise [ [
Barrier -
1 11 E = ‘| Rain
Flexible Duct | | Hood
Section
il | : : Cool Air
Prevailing ™ Equal to Hot Air u mel
Wind I~ Height of — Flow _ ‘—’//_‘ —

. Radiator =~ +——m——

Figure XX. Wind Barrier Installation

Air System Checklist

A. Air inlet faces the direction of prevailing winds.

B. Air outlet does not face noise sensitive areas without noise attenuating devices.

C. All heat loads have been taken into consideration in sizing air flow.

D. Gravity louvers face inward for air intake and outward for discharge.

E. Where electrically operated ventilation devices are used, power must be present under all
operating situations. Be certain these devices are on the emergency circuit.

The room in which the Generator Set is to be installed must have adequate air flow through it to
provide combustion air, and remove heat radiated from the engine, exhaust system and
generator. See Figure next page for air flow calculations.

Q

BTU/minute V(cfm) = ———M i . <JEIPIN KW- hr

0.0181 X AT, KilowatteHours  V (m*/min) 0.02015 x AT
Qy
/ = —__—H

BTU/Hour W o(cfm) 1085 x AT,

Where: '

vV = Ventialting air flow ft3/min (m3/min)

Q) = Heat disipated by the engine, generator and

other equipment BTU/min

Qy = Heat disipated by the engine, generator and
other equipment BTU/hr

kWsh = Heat disipated by the engine, generator and
other equipment Kilowatt Hours

AT = Premissible temperature rise in the room in °F or °C
B = Inside diameter of pipe in (mm)
S = Specific weight of gas Ib/ft? (kg/m?)
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Notes:

1 These calculations assume room ambient of 100°F (38°C)

2 Increase V by 10% for each 2,500 ft (762m) above sea level

3 Increase V by 10% if uninsulated mufflers are inside room

4 Engine data sheet specifies .Radiated heat to ambient. In BTU/min. This value is dry type ad
water cooled exhaust manifolds.

5. Generator efficiency is 88 to 95% for Gensets 50kW to 1200kW. 1kW loss = 56.88 BTU/min.

3.7 Soundproofing

The best quality / price ratio is achieved when soundproofing is part of the initial design of the
room. On the other hand if soundproofing is added to an existing room, it will inevitably be more
expansive and not as good. Two techniques should be used to soundproof the genset room.

Insulation

Its purpose is to prevent sound travelling through the walls by providing mass and adequate
thickness.

Absorption

Sound energy is absorbed by specialist materials and reduces reverberation. For a
soundproofed room the openings have to be larger and carefully designed to provide adequate
ventilation without allowing excessive noise to pass through the openings. A properly designed
soundproofed door is also needed.

General

- Building structure: cast concrete or concrete blocks, min. 20 cm thick.

- Anti-vibration mounts under the generating set, when installed close to sensitive areas.

- Walls and ceiling may be lined with absorbent materials such as rockwool.

- Selection of one or more suitable exhaust mufflers.

- When required soundproof doors should be fitted to reach the required sound level.

- Noise attenuators mounted in the air inlet and outlet openings. EXAMPLES: Measures to be
taken.

- Basic noise level of genset : 105 to 110 dBA 1m.

Non sensitive areas

Generating set soundproofing by means of a canopy bringing the noise down to 85dBA at 1 m
(useful for low and medium powered sets), or Room soundproofing: noise attenuator on air inlet,
about Im long, soundproofed access door, 30dB exhaust muffler. Outside noise level : 75 dBA
about 1m.

Noise sensitive areas (in town, close to houses)

Noise reduction depends on the distance between the noise source and the sensitive areas 6dB
on average every time you double the distance: 1m (0); 2m (-3dB); 4m (-12dB); 8m (-18dB).

This calculation done, the following elements must be specified:
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- From 60 to 70 dBA at about 1m

- Walls and ceiling made of 20 cm concrete blocks or cast concrete,
- Noise attenuators about 1.80 m long,

- High efficiency soundproof door,

- 40 and 19dB mufflers in series

- From 40 to 60dBA at about 1m

Noise attenuators (about 2.50 m) with baffles in ventilation shafts if possible.
- Inside walls and ceiling lined with absorbent material.

- Soundproof door and airlock.

- Floating slab beneath the generating set (vibration).

- 40 and 30dB mufflers in series. Sometimes 40dB and 19dB

mufflers are sufficient. or generating set soundproofed by means of a canopy, in which case, the
sound traps are smaller and the airlock unnecessary.

When lower noise levels are required a special study must be

carried out.

SOUND LEVEL REGULATIONS
Please refer to appropriate regulations in your area.

3.8 Transfer Switch

Transfer Switch Transfer Switch Checklist

A. Locate transfer switch in a clean, dry place, near the emergency load. B. Provide a circuit
breaker between the Genset and the transfer switch. C. Put a flexible connection between the
conduit and Genset. D. Observe applicable codes in wiring—in the transfer switch and Genset.
The transfer switch connects the Genset to the emergency power system. The emergency
power system may include several Gensets and several transfer switches. Typically, the Genset
is wired to the emergency power system through a transfer switch as shown in Figure xx Typical
Emergency Power System Installations.

Utility Utility Gensets
Main @ Gonaet Dissglﬂnnect

Dkaconnect Branch [:] Generator Paralleling Gontrol Pane! | Priority Control

Branch I:::l I:::l I:::l Protection |
Protection é] Branch |
d:‘ Protection T5-1
Transfer i T8-2
a

s |
_U\!? Switch Transfer Transfer

PPD | | on | EEn ﬁfe ﬁﬂ@-

Non-Emergency Emergency Non-Emergency Level -1 Level -
Loads Loads Loads Loads Lﬂads

g__

Figure xx Typical Emergency Power System Installations
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Multiple Gensets can be arranged either in parallel or separately connected to dedicated
emergency loads. Figure xx Typical Emergency Power System Installations also shows a
typical arrangement of two Gensets in parallel with transfer switches for loads that have
different levels of priority. A typical multiple Genset installation is shown for NFPA 110 Level 1
and Level 2 emergency power circuits and a priority control to select the appropriate transfer
switch. Wattmeters should be installed on each Genset so load sharing can be checked. The
control system should include an automatic paralleling control. Paralleling identical Gensets is
not difficult, but paralleling dissimilar sets can cause load sharing problems. When designing an
installation that includes the paralleling of dissimilar generators, contract your nearby Powerlink
Distributor.

Transfer Switch Location
The transfer switch location is important and key considerations are:

1. Locate the transfer switch as close to the emergency load as practical to avoid interruptions
of the emergency power system due to natural or man—-made disasters, or to equipment
failures. Consider several small transfer switches instead of one large one to increase
reliability.

2. Locate the transfer switch in a clean, dry, well ventilated location, away from excessive heat.
When the ambient air is above 104 °F (40 °C), fuses and circuit breakers must be derated.
Allow adequate working space around the transfer switch.

3. A circuit breaker (or fuses) should be installed in the line between the generator and the
transfer switch. Baldor Gensets are available with properly sized circuit breaker built into the
generator control. The circuit breaker can be separately mounted. In the case of very large
circuit breakers, a separate floor mounted circuit breaker is easier to wire up than a wall
mounted breaker.

4. Install power and control wires in separate solid conduit with flexible sections at the Genset.
The flexible sections prevent vibration from damaging the conduit. All power conduits from the
Genset must contain all three phases.

5. Never install control wires in the same conduit as power conductors.

6. Conduit, wire, circuit protective device sizes, insulation etc. must conform to applicable local
and national codes and regulations.

7. Be certain to seal around conduits that penetrate the walls of the Genset room to reduce the
amount of noise that is transmitted to the surrounding areas of the building and maintain site
fire code rating.

3.9 Battery Starting System

This section describes the battery starting system (nominal 12 volt rating of the battery supply)
for the engine, battery charger, and precautions to take if the ambient temperature is expected
to be below 70 °F (20°C).

WARNING:
If batteries are not mounted in the battery rack supplied with the Genset, protect
batteries from vibration and do not locate them near a source of flame or spark. A
battery presents a risk of fire and explosion because they generate hydrogen gas. Hydrogen
gas is extremely explosive. Never jump start a battery, smoke in the area around the battery or
cause any spark to occur in the area around the battery.
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Battery Location

Locate batteries as close as possible to the Genset to minimize starting circuit resistance, see
Figure xx Battery Starting System right. High starting %
circuit resistance substantially reduces starting
cranking ability. The Genset data sheet lists the
maximum allowable cranking system resistance. Mount
batteries on a level rack away from dirt and liquids.
Allow space for servicing (checking water level and
level of charge). Powerlink Gensets can be ordered
with battery racks already installed. Cold ambient
temperature at the battery location substantially
reduces the battery output.

Figure xx Battery Starting System

Battery Size

The ability to start the engine depends upon battery capacity, ambient temperature and coolant
and oil temperatures. The Engine/Generator Set Data Sheet lists minimum recommended
battery capacity at various ambient temperatures. The recommended battery capacities are
listed in the Electric Systems section of the Engine Data Sheet, cold cranking amps (CCA) at O
°F (-18 °C).

Battery capacities decrease as ambient temperatures decrease so it is important to specify
batteries with the appropriate CCA rating at a temperature no higher than the minimum ambient
temperature for the application. Powerlink requires thermostatically controlled coolant heaters
on all after cooled standby Gensets. After cooling is called out on the Engine Data Sheet under
General Engine. Data section as “aspiration”. Oil pan immersion heaters are recommended for
standby Gensets housed outside where ambient temperatures may drop below 0 °F (-18 °C).
Coolant heaters and oil pan immersion heaters are available from Powerlink as factory installed
options.

Battery Charger

An engine mounted alternator to charge the batteries during operation is an available option.
Standby Gensets require a solid state battery charger that is connected to utility power so the
battery is charged continuously while the Genset is not running. The battery charger should be
connected to the emergency circuit. The batteries on prime power Gensets are charged by the
engine mounted alternator, if equipped.

Harmonic wave forms from solid state battery charges and belt driven alternators can cause the
electronic governor on the engine to act erratically. To avoid this, the output of the battery
charger or the belt driven alternator must be connected directly to the battery or to the battery
terminals on the starter. Make control connections to the Genset control using a conduit with a
flexible section at the Genset to avoid damage due to Genset vibrations.

Battery Cables
The wire size (wire gauge) of the cables connecting the starter to the batteries must be large
enough to ensure the resistance of the cranking circuit is less than the “Maximum Allowable
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Resistance of the Cranking Circuit” as shown on the Engine—Generator Set Data Sheet. The
total cranking circuit resistance includes the resistance of the cables from the starting motor to
the battery and the resistance of all relays, solenoids, switches, and connections. The
resistance of various sizes of cables is shown in Figure xx Typical Battery Cable Calculations
(next page). For purposes of calculating cranking circuit resistance to select cable size, the
resistance of each connection can be taken as 00001 ohms and the resistance of each relay,
solenoid, and switch can be taken as 0002 ohms. Figure 2-10 illustrates an example of a typical
cranking circuit resistance calculation.

#4 H3  #2 #1 #0 #00

0.00400
00080 [/ ANV #000
| [ 1/

0.00360

0.00540 [y i/ /1 1/
%) 0.00320
i 0.00300 ] /’{ ‘{/ / /
ol 2-#0
—  0.00280
oy [l /
E ﬂjﬂﬂEﬂﬂ] !’ / / / 2-#00
= ooz mivAVAVA
5w AL &
- 0.00180 Maximum allowable resistance of . . .. ... 0.002 Ohms |24V Systems)
‘© 000160 j / / thecranking circut ... ............. 0.0012 Ohms {12V Systems)
% n:um-m f’{ / / / System Voltage 24V
B goom 1/ Resistanceof b comecions - L1117 00006 Onms
D 000100 !ff // Resistanceof 100" of #1 Cable . ... .. .. .. ... ..... 0.00100 Ohms
T f Total resistance of cranking circuit 0.00106 Ohms

0.00080 /

0.00060 /

0.00040

0.00020

0 100 200 400 500 600 700

300
(254)  (5.08) (762) (10.16) (1270} (15.24) (17.78
Cable Length inches{meters)

Figure xx Typical Battery Cable Calculations

3.10 STARTING

Starting an engine is easy when it succeeds, but may cause untold problems when
unsuccessful. The operation of highly complex equipment may depend on the reliability of the
genset particularly in applications such as hospitals, factory processes and building protection
systems.

That is why there are many starting processes and devices on a generating set to ensure
reliable starting every time. We make a distinction between a manual start procedure and an
emergency start procedure, which is triggered by the failure of the mains supply (generally in
automatic mode three 5 second cranks are provided).

The starting system design depends on the engine temperature. For a start in very cold
temperatures it is sometimes necessary to use starting aids, such as heating the intake air,
heating the fuel, injecting ether into the air intake. As well as these the engine coolant is heated,
and in very cold conditions also the oil is kept warm.

Generating sets can be provided with three types of start systems
- Electric Starting : This is the most widely used system and consists of a 12V or 24V starter
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motor supplied by one or more lead acid, or in exceptional cases, alkaline batteries.

The starter motor rotates the ring gear of the engine flywheel moving on receiving the signal
from an electric contact.

Once the diesel engine has started and the flywheel has run up to its required speed, the starter
motor pinion disengages automatically from the ring gear. The batteries are recharged
automatically by an alternator or static charger.

- Pneumatic Starting : Pneumatic starting relies on an air starter that is operated by a flow of
compressed air from one or two compressed air bottles and an air compresser. The engine is
started in the same way as for electric starting.

The air bottles and air compresser are located as near as possible to the generating set.

- Mechanical Starting : Several mechanical starting system exist, i.e. spring, crank, inertia etc.
All of these are only used with low power generating sets.

The three systems above can be coupled to each other in the following way:
- electric/ pneumatic starting
- electric/ mechanical starting.

- Generating Set Starting :
CHECK BEFORE START

Before generator start, please check following thing;
1. Generator normally consume 0.25%-1% of foil wastage lubricating oil.
2. check lubricating oil and coolant water capacity,

A Warning

When putting foil into trunk, do not smoking nearby or using fire.
3. check oil capacity,

4. check engine cooling fan and rap degree of tightness,

5. check all ripe, ensure not leaking out,

6. check battery pole ,ensure no cauterization,

A Warning

When packing up battery, do not smoking nearby or using fire, hydrogen which battery produce

will blow up. Don’t mistake battery pole,

7. Check battery liquid, if necessary, put into pure water. If battery is new , please add
beforehand mixed b attery liquid

8. Check control panel and generators, please ensure aforesaid parts clean. These dust
maybe damnous, etc, tip-and-run accident.

9. Check air cleaner, if emphraxis, please change a new.

10. Ensure surroundings of generators clean, coolant aeration unhindered.

11.Check fuel system ,coolant system and lubricating oil system,

12.1f exhaust system have exhaust water device, please letting termly.

13. Ensure alternator’s output switch is off.
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Formulas

Single Phase - Electric

Three Phase - Electric

Length

Area

Pressure

Temperature

Torque

Velocity

Volume

Miscellaneous

32

Single Phase Power Factor is typically 1.0
1 KW = 1 kilo Watt = 1,000 Watts

Watts = Volts x Amps x Power Factor

Waits
Volts x Power Factor

Amps =

Three Phase Power Factor is typically 0.8
1 kW = 1 kilo Watt = 1,000 Watts

Watts (Volts x Amps x Power Factor) x 1.732

Waits

AmMpS = ~7ois X Power Facior X 1.732

mm x 0.03937 = inches
m x 3.280 = feet
m x 1.094 = yard

inches x 25.40 = mm
feetx 0.305=m
yvard x 0.814 = m

cm? x 0.394 = inches?
m2 x 10.764 = feet2

inches? x 6.451 = cm?2
feet2 x 0.0929 = m2

pounds/ft2 x 0.006944 = pounds/in2
psi x 6.8948 = kPa
psi = 0.4912 inches Hg

pounds/in2 x 144 = pounds/ft2
kPa x 0.1450 = psi
kPa = 0.1333 x inches Hg

"C = ("F-32) x 0.55555 *F= ("*Cx1.8) +32
Nm x 141.6029 = 0z-in
Nm x 8.8495 = Ib-in
Nmx 0.7376 = Ib-ft

0z-in ¥ 0.007062 = Nm
b—in x 0.11296 = Nm
Ib—ft x 1.356 = Nm

ft/sec x 0.3048 = m/sec
miles/hr x 1.6083 = km/hr
miles/hr x 0.44704 = m/sec

inches® x 16.388 = mm?
feet® x 0.0283 = m3
gallons x 3.785 = liter
gallons x 0.13337 = ft2

Watt x 0.00134 = hp
BTU/hr x 0.293 = Watts
BTU/hr x 0.0003929 = hp

mysec x 3.2808 = fi/sec
km/hr x 0.6214 = miles/hr
mysec x 3.2808 = ft/sec
my/sec x 2.2369 = miles/hr

cm® ¥ 0.06102 = inches®
m2 x 35.315 = feets
liter x 0.2642 = gallon

Watts x 3.4122 = BTU/hr
hp x 2545177 = BTU/hr
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SECTION 4 CONTROL PANEL INTRODUCTION

4.1 CONTROL PANEL INTRODUCTION

Control Panel For Special Genset

| oo Model| 701k pIc5110 | pIc5220 | pIcS310 | plcSSx | pleS5xK
cummins Range o . o x o x
Volvo Range x o o . x o
Perkins Range . o o x o x
John Deere Range . o o x o x

« Standard o Option % No

701 KEY MANUAL START SYSTEM

The Model 701 is a Manual Engine Control Module designed to control the engine via a key
switch and pushbuttons on the front panel. The module is used to start and stop the engine and
indicate fault conditions,
automatically shutting down
the engine and indicating

the engine failure by LED, Overspeed Protection
giving tr_‘ue_r flrstup fault Charge Failure waming Time Counter
annunciation.

Low Oil Pressure Protection |
Low Voltage Protection

High Engine
Temperature Protection

pre—heat button

Stop button

PLC-5110 CONTROL SYSTEM
The PLC-5110 control system is used to automatically start and stop the generator via remote
control signal, configurable three position includes manual, auto and stop position.

Stop: stop generator / failure

Manual: only green manual button to start generator

Auto /remote control: under working condition when it is energize, auto start generator if
receiving remote control signal.
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LCO dispilay

j Corfiguabio ara

Mode sulo bution

Swop Parameier S
e Conligurnible butior

PIC-5220 Automatic Mains Failure Control System

The PLC-5220 is an Automatic Mains Failure Control Module. It is used to monitor a mains
supply and automatically start and stop the engine. It indicates the operational status and fault
conditions, automatically shutting down the engine and indicating engine failure by means of an
LCD display, and flashing LED on the front panel.

The PLC-5220 mold can monitor city-electricity function. When the city-electricity get high
voltage/ low voltage or the high frequency/ low frequency, it can start automatically the
generator, and can send signal to ATS, to cut or add the generator's load quickly.

LCD display
Scroll
: Configurable area
Configure/log
Manual Auto button

Stop Test Start
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PLC5310 ELECTRONIC ENGINE
COMPATIBLE AUTO-START MODULE

The Model 5310 is an Autostart Control Module. The module is used to automatically start a
generator set upon application of a remote signal or by manual control. The module also
provides indication of operational status and fault conditions automatically shutting down the
genset and indicating failures by means of an LCD display.

LCD display
Scroll Down
Configurable LEDs
Next page
{ien genacakr Generator available
el LED. On When The
Close Generator Generator |s Available

Output LED. On When For Loading

Tha Generator Is
Required To Be On
Load

Stop Auto Start
bution button button
Manual Mute/LampTest

PLC-555 Automatic Mains Failure Control Module
The module 555 is an Automatic Mains Failure Control Module, and the module is used to
monitor a mains supply . It indicates

The DSE 555 module also monitors the engine, indicating the operational status and fault
conditions; automatically shutting down the engine and giving a true first up fault condition of an
engine failure.

PLC-555 control system link to PC via optional RS232 port or 485 port provides Modem via
either PSTN line or GSM network, comprehensive remote communication via WINDOWS by
LINK500 software .

SPECIFICATIONS

The PLC-555 Automatic Mains Failure Control Module possesses all of the basic function,
please refer to the table (cf. table page 16)
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LCD Display User Configurable

LED's with insert pocket

Up and Down

Scroll Buttons Common Alarm Indicator

Information Page Indicator
Event Log Page Indicator
Operator Configuration
Mode Indicator

Page Select Button Alarm Mute Button

Stop/Reset Button
Mains Instruments Page Indicator

Test Mode Button

Generator Instruments Page Indicator

Start Button Auto Mode Button
Engine Instruments Page Indicator

Manual Mode Button

Alarm Page Indicator

PLC-5510 Automatic Mains Failure Control Module

The Model 5510 is an Automatic Engine Control Module. The module is used to automatically
start and stop the engine, indicating the operational status and fault conditions by means of an
LCD display and a flashing LED on the front panel.

LCD Display

Up and Down Configurable LEDs

scroll buttons

Information

{page) button Text insert

O enerator

pup;nbgﬂm Close generator

pushbuiton

Gen on load LED Genaralnr
available LED

Stop/Reset button Start button

Manual bution Mute/Lamp test button

Auto button
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