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The development of mechanical fuel control system to electronic fuel injection in
diesel engines has presented the opportunity to implement additional engine control mechanism to improve engine performance and controls. In this thesis, an
electronic governor system was designed for use on a 2TNE68 micro diesel engine generator in the Technobothnia laboratory.
The electronic governor system was designed in Technobothnia laboratory. This
system was designed with specification to replace an existing mechanical governor system of the engine and the technique used was a link mechanism of a stepper motor and drive.
However, double flexible coupling and torque sensor were selected for easy and
efficient alignment as the engine is coupled to the generator. Other sensors were
selected to monitor, control and ensure the smooth running of the generator set. A
simple installation and maintenance manual was designed and the whole unit
(generator set) was designed using NX Software.
The generator set was successfully designed but was not assembled because our
main task was only to design the generator set for the laboratory’s technician to
assembly. The complete designed work was handed over to our supervisor which
will be later given to the laboratory technician for assembling.
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1

INTRODUCTION

This thesis describes the design and development of an uncoupled diesel engine
generator as an experimental research apparatus for Mechanical engineering students in VAMK, University of Applied Sciences. The most important component
of all diesel engines is the electronic or mechanical governor which keeps the
speed of the engine under control in order to standardize the output power of the
generator by regulating the idle and maximum speed of the engine as it controls
the amount of fuel entering the combustion chamber.
A diesel generator is a combination of diesel engine with electrical generator to
generate electrical energy. Generally, it is seen that diesel engine generator is the
most suitable choice for generating electricity when there is power outage.
Diesel power generators are used in countless industrial and commercial establishments with variety of load capacity. They can be used as backup power for
bigger loads like industrial plants, hospitals, marine and agricultural applications,
mining and commercial building in as much as powering small load capacity such
as home appliances.
The present state of generating electricity by students as laboratory experiment at
Technobothnia is the use of generator and motor. The motor is coupled to the
generator and this acts as a drive, taking it source of power from the grid to turn
the generator to produce electrical energy.
In addition to this, there are other forms of generating electricity at the energy laboratory within Technobothnia for experiments and teaching purposes. The various technology setups for generating electricity for laboratory experiment have
their source of energy from the grid. These forms of energy generations are fuel
cell technology, wind energy and hydroelectric technology.
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The previous level of technology for fuel delivery into the combustion chamber of
diesel engines is the use of mechanical governor system. This system as compared
to the current level of technology for fuel delivery (electronic governor system) is
less expensive and robust; however, inaccurate fuel delivery makes it difficult to
meet future output demand of electricity.
The transfer to more advanced engine control systems will deal with this system
of technology (mechanical governor system) and this of course will present a significant challenge to small engine development engineer in Technobothnia laboratory.
Considering the basic principle of Electronic Governor systems, it presents us
with a greater and efficient knowledge in controlling the speed of engines through
an improved governor mechanism.
In the automobile industry most small utility engines use mechanical flywheel
governor mechanisms to regulate the engine speed. With greater control of engine
speed and fuel delivery, the governor should be optimized. The engine can work
effectively and enhance working performance when controlled electronically.
The purpose of this thesis was to develop and evaluate a new governor system for
small utility 2TNE68 micro diesel engine that runs on an existing mechanical
governor system and also to select appropriate torque sensor and other sensors to
monitor the smooth running of the whole system. The intent of this study was to
deliver a simple but a comprehensive diesel generator set for laboratory experiment.
The objective was to couple 2TNE68 Micro diesel engine to an alternator (generator) to serve as a mini generator for experiment at the Technobothnia laboratory.
The existing mechanical RPM adjustment of the engine´s governor was redesigned to operate electronically. The whole system was designed using NX CAD
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Software and sensors were selected to monitor the smooth running of the system.
A simple installation manual was designed and documented.
Significantly, coupling 2TNE68 Micro diesel to an alternator at Technobothnia
Laboratory will broaden student’s horizon and will as well give students the platform to understand in simple terms and in more practical way the repair, maintenance and servicing of electric generators.
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BRIEF HISTORY OF TECHNOBOTHNIA

The community of Technobothnia Research Center was established in1996 in the
city of Vaasa. The idea of research into innovative technology began when the
Ministry of Education, City of Vaasa, the University of Vaasa, Vaasa University
of Applied Sciences and Novia university of Applied Sciences put resources together and build a massive science and technology resource center./22/
The three universities use the Centre instantaneously for research work as they
share the same campus. This unique joint effort guarantees student a comprehensive and varied laboratory complex.it gives student the platform to exercise theoretical and practical knowledge gained in the class room. /22/
The mission statements of Technobothnia are:


Provide a framework for high-standard research and education in the field
of technology.



Serve as a channel of cooperation between educational institutions, enterprises and other research institutes and technology centers.



Offer research, and product development, as well as education, measurement and testing services to the private and the public sector
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3

DIESEL GENERATOR SET

This chapter will describe the basic concept of electrical generators
The electrical power generating set consists of three main parts or systems namely, engine system, alternator and control system. (See Figure 1)

Figure 1. Diesel engine generator
Source: Fuan Yongheng Electrical Machinery Co.Ltd
The engine system of the generator set functions as a main drive of the whole unit
and this consists of the cooling system, fuel system, lubricating system and some
mechanical parts. (Pistons, crank shaft, cam shaft, inlet and outlet valves, etc.).
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The generator is the driven member of the generator set that converts mechanical
energy to electrical energy in the form of alternating current and this basically,
consist of rotor (rotating magnet) and a stator (a set of conductors wound around
an iron core).
The control system is a user interface that controls the electrical output of the generator set.
The rotation of a crankshaft in the engine causes a piston or number of pistons to
reciprocate to generate thermal energy and this energy generated is transformed
into mechanical energy which turns the flywheel at the end of the crankshaft. /19/
The flywheel in turns rotates an armature across a set of magnetic fields and then
electromagnetic voltage is induced into the stator winding of the armature. This
induced voltage is then controlled electrically by control systems. The output of
the generator is therefore controlled by means of a compensated voltage regulator
and modules on a panel. /19/
3.1 History of diesel engine
The diesel engine is a type of internal-combustion engine in which heat is caused
by air compression which is ignites by an atomized liquid fuel. At the instant fuel
is injected into a diesel engine’s combustion chambers, the air inside is hot
enough to ignite the fuel on contact. /20/
Diesel engines, therefore, do not need spark plugs, which are required to ignite the
air-fuel mixture in gasoline engines. Diesel engines are more efficient and less
expensive to operate than gasoline-powered engines, partly because diesel fuel
costs less. Diesels consume less fuel and emit fewer waste products. /20/
A disadvantage of the diesel engine is the production of sooty, smelly smoke, but
modern diesels generally run cleaner and with fewer odours than older models.
German engineer Rudolf Diesel invented the diesel engine in the 1890s. The en-
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gines initially used powdered coal for fuel. By 1897 Diesel had built a compression-ignition engine that ran on kerosene. /20/
Diesel engines were more efficient than the steam engines of the 1800s and became popular. They were also big and heavy, suitable mostly for the shipping and
railroad industries. They are still the engines of choice for heavy transportation
and industry. Most modern buses, trucks, trains and ships are powered by diesels.
These engines have become popular in some automobiles as well./20/
Diesel engines are similar in appearance to, and have many of the same components as, spark-ignition engines. Diesels have one or more cylinders (usually four,
six, or eight). Pistons inside the cylinders are connected by rods to a crankshaft.
As the pistons move up and down in their cylinders, they cause the crankshaft to
rotate. The crankshaft rotational force is carried by a transmission to a drive shaft,
which turns the armature in the stator winding to generate the electrical power.
/20/
Because a diesel engine compresses air inside the cylinders with greater force, the
engine block, pistons, connecting rods, crankshaft, and other components must be
stronger than those of a gasoline engine with the same power output. As a result,
diesel engines tend to be heavier and more expensive to manufacture.
A diesel engine also needs a more powerful starter motor, which turns the crankshaft to initiate ignition. It often has an extra battery to provide power to the starter motor. /20/

3.2 Principle of operation - diesel engine
Most diesel engines use a four-stroke cycle: the piston’s first, downward stroke
creates a partial vacuum which draws in air; the second, upward stroke compress-
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es it; the third, downward stroke, following combustion, delivers power; and the
fourth, upward stroke expels waste gases.
At the end of a piston’s compression stroke, a fuel injector sprays fuel into the
combustion chamber. Air temperature inside the chamber at that point is about
540° C (about 1000° F). The fuel ignites, causing a rapid expansion of hot air that
forcefully pushes the piston downward. That downward power stroke turns the
crankshaft.
The compression ratio in an engine cylinder is a ratio of the total volume left on
top of the piston when it is at bottom dead center (original volume) to that left on
top of the piston when it is at top dead center (final volume) of travel.
A compression ratio of 2:1 means the air has been compressed to half its original
volume. A ratio of 3:1 indicates compression to one-third of the original volume.
The compression ratio of a gasoline engine varies from about 6:1 to 10:1.
The compression ratio for a diesel engine varies from about 12:1 to 24:1. The diesel’s higher compression ratios are necessary to create air temperatures hot
enough to ignite the atomized liquid fuel on contact.
Diesel fuel is not as flammable as gasoline, so diesel engines are more difficult to
start when cold. To solve this problem, each combustion chamber has a glow plug
containing a small coil of wire that heats up when an electric current passes
through it. Briefly activating the glow plugs before starting a diesel engine preheats the combustion chamber and makes starting easier.
Modern diesel engines burn a petroleum product similar to kerosene, jet fuel, and
home heating oil. Diesel fuel is less expensive to produce than gasoline and safer
to handle. Due to lower volatility (tendency to vaporize) and a higher flash point
(the temperature at which diesel fuel ignites), it is less likely to catch fire during
an accident.
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There are three grades of diesel fuel. They are classified according to the ease
with which they ignite, the lowest temperature at which the fuel will flow, and
viscosity (resistance to flow). Individual grades of fuel are better suited for certain
engines and operating conditions.
Diesel engines are widely used as stationary power sources for electrical generation units, pumping stations, refrigeration facilities, and factories. Heavy construction equipment, ships, locomotives, commercial trucks, and some large pickups
are powered by diesels. Diesel engines are as well use to power automobiles and
are now becoming most popular in use.
Generally engines are into three main groups based on their speeds of operation.
Table 1 shows the three main group of engine and their respective speed range of
operation. The low speed engines maximum speed 200 rpm and that of the high
speed engine is undetermined and this varies depending on engines capacity.
Table 1. Group of engines and their respective speed range.
SPPED CETEGORY

MINIMUM SPEED

MAXIMUM SPPED

Low speed engine

57

200

Medium speed engine

200

1000

High speed engine

1000

undetermined

3.3 Engine components
The engine component comprises of piston, connecting rods, crankshaft, gudgeon
pins, valves, cylinder head, cam shafts, cylinder block, crankcase and combusting
chamber. /18/
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3.3.1

Pistons

The function of the piston is to convert the expansion pressure of the burnt gas in
the combustion chamber into a force which is use to drive the engine crank shaft.
The pistons are made in nodular cast iron, material of high mechanical strength,
high resistance to hot corrosion, and yet of low mass.
These features mean good suitability for heavy fuel oil operation, low level inertia
forces, and thus reduced vibration level and load on bearings. The piston has
about four to five grooves which the first three from the head is fitted with compression rings and the below these grooves is fitted with one or two oil control
rings (oil scrapper rings).
The use of the compression rings with different bore shaped profile and chrome
platted running surfaces, the piston ring pack is optimized for maximum sealing
effect and minimum wear rate. The piston is oil-cooled and the thin- walled design allow for effective cooling of piston crown and piston ring zone as well.
The cooling oil is taken from the engines lubricating oil system, and is supplied
through bores in the connecting rod shank, conducting oil from the big end journal
to the small end bearing for lubrication and to the piston for cooling. The piston is
a fully floating type and is kept in the axial direction by Seeger rings.
3.3.2

Connecting rod

The connecting rod is an alloy steel which is die- forge with a high tensile
strength, of the fixed center type with the shank formed as an H-profile. The big
end is inclined joint facilitating the connecting the piston and connecting rod assembly to be withdrawn up through the cylinder liner.
The small end is stepped so as to allow for a larger pin-boss area to take the combustion forces. The small eye is equipped with a replaceable steel-bronze bearing
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(bushing).The joint faces at the big-end are serrated in order to ensure a very firm
tightens.
3.3.3

Crank shaft

The crankshaft changes the reciprocating motion (up and down movement) of the
piston into a rotary motion. The engine crankshaft is usually made from cast iron
or chromium-molybdenum vanadium steel. The steel crankshaft is widely in use
now since the cast iron crankshafts are very brittle.
3.3.4

Gudgeon pin

The gudgeon pin is used to connect the piston to the connecting rod. It also absorbs the reciprocating forces of the piston as it moves for each stroke of the cycle.
3.3.5

Valves

The valve is used to regulate the entry of air into the combustion chamber as well
as scavenging the bi-product of combustion. The inlet valve has a bigger head
than the exhaust valve to increase the volumetric efficiency of the engine.
The valves are open by the action of a rocker arm and shaft and closes by set of
valve springs. The double valve springs are becoming popular in use to prevent
valve bounce a high speeds of engine operation.
3.3.6

Cylinder head

The cylinder head is used to cover the topmost part of the engine. It support and
locate the valve train as well as the combustion chamber and water jackets.
3.3.7

Camshaft

The camshaft consists of series of cam lobes which is used to operate the valve
systems. The camshaft takes its motion from the engine crankshaft at a speed ratio
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2:1. The side camshaft has been use for years but the overhead twin camshaft
(OHC) is now widely in used for most electrical generating plants.
3.3.8

Cylinder block and crank case

The cylinder block is made of cast iron or alloy steel and this house the piston in
the engine. The crankcase is beneath the cylinder block and support and locates
the crankshaft and the side camshaft. The sump is supported under the crankcase.
3.3.9

Combustion chamber

The combustion chamber is the clearance left between the crown of the piston and
the cylinder head.
There are two main type of combustion chamber in use: direct injection and indirect injection
Direct injection injectors are mounted in the top of the combustion chamber and
sprays directly into the combustion chamber. The problem with this engine is the
harsh noise that they make. Fuel consumption was about 15 to 20 percent lower
than indirect injection diesels, which for some buyers was enough to compensate
for the extra noise.
Indirect injection diesel engine delivers fuel into a chamber off the combustion
chamber, called a pre-chamber or ante-chamber, where combustion begins and
then spreads into the main combustion chamber, assisted by turbulence created in
the chamber.
This system allows for a smoother, quieter running engine, and because combustion is assisted by turbulence, injector pressures can be lowered, using a single
orifice tapered jet injector.
The pre-chamber has the disadvantage of increasing heat loss to the engine cooling system, and restricting the combustion burn, which reduce the efficiency by
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5–10 percent. Indirect injection engines are cheaper to build and it is easier to
produce smooth, quiet-running engine with a simple mechanical system.
The major reason for trying different combustion chamber is the idea of increasing the output power of the engine. For these reason most diesel engines are incorporated with superchargers and turbochargers.
3.4 The engine lubricating system
The engine lubricating system:


Helps to transfer heat and cools the engine parts



Reduces friction and wear between mated moving parts



Cleans inside of the engine by removing contaminants (metal chips, dirt
plastics and other foreign particles in the engine)



Cut power loss and increase fuel economy



Absorbs shocks between moving parts for quiet engine operation

The above listed functions can only be achieved if the right grade and viscosity of
oil is chosen in accordance with the specification of the engine.
3.5 Basic lubricating principles
The oil in the sump is forced up by means of a pump through wire gauze to remove weighty particles from the sump. The oil is then pumped into an oil filter to
remove fine particles that might have escaped the coarse wire filter. The oil from
the filter is then delivered to the crankshaft oil galleries. As the oil passes through
the galleries to lubricate, part of the oil is given to an oil jet which injects the oil
to lubricate the timing gears or chains. /3/
The oil through the galleries also lubricates the main crank journals, crankpins
and the mist if these lubricates the piston bore has the crankshaft rotates at a very
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high speed. The oil through the galleries also lubricates the rocker arm shaft, the
rocker arm, camshaft, valve stem. /3/
3.6 Components of the lubricating system
The lubricating system of the engine consists of oil filter, pressure relief valve, oil
pump and oil sump. /6/
3.6.1

Oil filter

The oil filter is used to remove all unwanted particles from the oil, from and to the
engine. The engine contains two main types of oil filter, namely: full flow and the
by-pass oil filter.


Full flow filter: the full flow oil filter is located between the oil pump and
the galleries. It consists of a safety valve in the head which allows unfiltered oil to enter into the galleries when the oil filter is clogged with impurities to prevent oil starvation of the crankshaft bearings which can result
in engine failure.



By-pass oil filter: the by-pass oil filter is fitted between the galleries and
the sump to remove all impurities that the oil carries from the galleries to
the sump.

It should be noted that coarse filter should submerge in the oil and must not be
allowed to touch the base of the sump to prevent sludge from entering the filter.
3.6.2

Pressure relief valve

The oil pressure relief valve is fitted between the oil pump and the filter to main
the predetermined pressure of the oil to the galleries. These is because excess
pressure acting on the oil will cause it to mist which will not give the correct lubricating layer between the crank bearings and its pins.
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3.6.3

Oil pump

The oil pump is used to force oil and pressurize it from the sump through the oil
galleries to their respective lubricating parts.
3.6.4

Oil sump

The engine sump seals off the under most part of the crankcase. It contains the
lubricating oil. Some sump has a magnetic drain plugs that attracts metallic chippings from entering into the galleries of the crankshaft to prevent abrasion of the
crankshaft bearings.
3.7 Engine cooling system
As the pressurized diesel fuel is atomized into the hot dense air and burned inside
the combustion chamber, a great deal of heat energy is liberated. Out of these heat
energy liberated only 40% is convert into a useful mechanical energy by the compression ignition engine. /18/
The remainder or excess heat must be carried out from the parts forming the combustion chamber to prevent them being burned or expanding excessively. For a
fraction of a second, the temperature of the burning mixture is well above the
melting point of the iron, steel, and aluminium alloys used in the construction of
the parts of the engine. The excess heat must therefore be removed quickly and
continuously, hence the function of the cooling system. /18/

There are two main types of cooling system:


Air cooled system which is used for small generating plants or electric
generators



Water cooled pressurized system which is used for medium and heavy
generating plants.
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For the purpose of our study we shall describe the water cooled pressurized system.
3.8 Water cooled pressurized system
This is similar to the thermosyphon cooling system, but a wider and lower radiator
is used, and a thermostat, a water distributor tubes and an engine driven impeller
pump are added. The pump circulates the water at a higher speed and much more
positively than the convectional current of the thermosyphon system, but a pressure is not built up by the pump. (See Figure 2).

Figure 2: Schematic diagram of how cooling fluid runs within the cooling system
of a diesel engine generator.
Source: http://www.ford-truck.com/ford truck enthusiast
The thermostat is a temperature-controlled valve which is fitted into the water outlet from the cylinder head and which, by controlling the amount of cooling being
done by the radiator, keeps the engine operating in the correct temperature range.
The distributor is secured into the cylinder head and is perforated at certain points
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to direct the cooled water from the pump to the hottest part of the cylinder head.
/8/
3.9 Operational principle of the pressurized cooling engine system
The pressurized cooling system of diesel engine is categorized into two main
principle of operation. One operates when engine is hot and the other the other
operates when engine is cold.
If the engine is hot, the impeller pump draws cooled water from the bottom tank
of the radiator and passes it into the distributor tube. The tubes directs cooled water through it perforations on to the hottest area of metal surrounding the combustion chamber and the exhaust port. The cooled water absorbs most of the heat and
passes around the open valve of the thermostat and out of the cylinder head to the
header tank of the radiator.
As the heated water passes down the radiator cores, the absorbed heat is removed
by the stream of air passing through the core, and now cooled water is drawn into
the impeller pump to be re-circulated.
If the engine is cold, the circulation starts as soon as engine is started to speed up
the warm up of coolant to enable the quick response of the thermostatic valve.
Under cool conditions, this valve is closed, and the pump is allowed to circulate
the in the head and the block of the engine. This is made possible by the use of a
by-pass either internal or external, from the low pressure side of the impeller to a
point just below the valve seat of the thermostat.
As the water absorbs heat its temperature rises to the operating temperature of the
engine (about 77oC). The thermostat valve begins to open to allow water to pass
into the radiator and be cooled. This thermostat valve will open to positions related to the air temperature, and the load on the generator.

18

3.10 Components of the engine cooling system
The engine cooling system consists of thermostats, pressure cap, radiator and water pump /12/
3.10.1 Thermostat
There are two main types of thermostat: bellow type thermostat and wax type
thermostat.
The bellow type thermostat is composed of a disc valve and seat, and is fitted between the cylinder head and the radiator top tank. The valve is attached to the
stack thin brass capsules which is arranged to form bellows. These are filled with
volatile liquids such as acetone, methyl alcohol, and the bellow is secured to a
frame and suspended from a seat. The bellow thermostat also has a jiggle pin in its
valve to prevent pores of steam being trapped under the thermostat.
The bellow thermostat is also known as “fail-save” because when the bellows become punctured the liquid in the bellows is replaced by the water in the system
and the valve remains constantly open. When this happens it will take a very long
time for the engine to attain its pre-determined warming temperature.
The wax type thermostat has a wax in a converging rubber which a pin is inserted.
The needle pin is attached to a valve which is closed to the casing of the thermostat by the action of springs attached to the body of the thermostat.
When the cooling water is warm the wax in the converging rubber expands and
tries to force the needle out. As the pin moves upwards, the valve attached to it
also opens to allow heated water to enter into the radiator through the head of the
radiator. The wax thermostat is not a fail-safe thermostat and much attention must
be taken in respect to engine overheating.
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3.10.2 Pressure cap
When an engine with an impeller assisted cooling system, there is a danger that
pockets steam may be formed in the complicated shape of the cylinder-head water
jacket. Steam is a very poor conductor of heat and overheating may occur at this
points. This will lead to localized heating areas, power losses. This danger is
overcome by the use of a special design radiator necks and cap.
This cap is usually seated in the tank neck, and also includes two extra valves
which are opposed to each other. The larger spring-loaded valve prevents the release of pressure from the system until a pressure of 27 to 48 kN/m2 exceeded. In
very large plants the system pressure of 100 to 120KN/m2 is used.
This means that the system normally operates under pressure and this prevents
the water from boiling and forming steam until the temperature is well above the
normal boiling point. The engine may therefore be operated at a temperature higher than normal. It will also develop a little more power.
When the engine is running normally the excessive pressures, together with some
steam and water are released by the lifting of the large valve against the action of
its spring. The water so released escapes down the overflow pipe to the header
tank of the radiator.
As the engine is allowed to cool down after use, the small losses result in the formation of partial vacuum in the system. This is relieved by the opening of the
small valve when the difference between the internal pressure and that of the outside atmosphere exceeds 7kN/m2. This allows air or water to enter the system
through the overflow pipe, the valve being closed by its spring as the pressures
equalize.
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3.10.3 Radiator
The radiator serves as a reservoir which contains the coolant and has a fin and
cores that are exposing to the stream of air so that the coolant will cool before entering into the engine.
3.10.4 Water pump
Water pump is an important part of the engine cooling system. It provides circulation of the engine coolant (antifreeze) through the cooling system. (See Figure 3)

Figure 3. Impeller water pump of the cooling system /17/
A water pump pushes the coolant through the passages (water jackets) in the engine cylinder block and cylinder head and then out into the radiator. This helps to
keep the engine from overheating; the hot coolant passes through the radiator
where it cools down and then returns back to the engine.
3.11 Engine fuel system
The purpose of the engine fuel system is to deliver or inject precise amount of fuel
into the combustion chamber of the engine. /8/

21

3.12 Components of the fuel system
The engine fuel system consists of injection pumps, fuel tank, fuel filters, diesel
injectors and delivery valve. /14/
3.12.1 Diesel Injection pump
The main function of the injection pump is to:


Build up pressure high enough to force the fuel, in a finely atomized spray,
into the combustion chamber against the pressure of the highly compressed and heated air.



Measure out the fuel in minutely accurate quantities which must be varied
to suit the mass of air entering the cylinders, i.e. to suit the speed and load
requirement of the engine.



Deliver the fuel to the injectors in the correct firing sequence and at the
correct intervals of crankshaft rotation.

There are two main types of injection pump; these are inline injection pump and
distributor auxiliary injection pump. The main parts of the injection pump are the
plunger and the barrel. The top of the barrel is sealed off by a delivery valve
which has its own bore and seat.
The injector is used to:


Introduce fuel into the combustion chamber under a very high pressure
(7600 to 24000KN/m2 depending upon the type).



Convert the liquid fuel into a very finely atomized spray of a shape and
size suited to the design of combustion chamber.



Direct the spray or sprays into the correct point of the in the combustion
chamber so it may be quickly broken up and mixed with the highly compressed and heated air swirling violently around.
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3.12.2 The governor
The governor functions in the following ways:


It automatically controls fuel delivery to provide steady idling speeds of
the engine.



It limits the inertia stresses by limiting the maximum speed of the engine.
This function is as a result of the components of the compression ignition
(C.I.) engine having to withstand higher and more sustained pressures.
These components must therefore be stronger and heavier. The very large
stresses imposed upon them due to their rapid changes in motion; will result in their eventual failure unless their speed is limited.

3.12.3 Types of governor
There are practically four types of governor used:


Mechanical governor also known as idling and maximum speed governors.
It is used for very heavy plants and equipment.



Pneumatic governors provide accurate control of engine speed at all points
in the speed range and, due to their small weight and volume, are particularly suitable for smaller engines.



Hydraulic governors are exceptionally reliable and are particularly suitable
for use with two- stroke engines. They are much more expensive to produce and so are usually only used smooth slow running is of importance.



Electronic governors
The recent introduction of electronically controlled governors for diesel
fuel injection system on several heavy-duty engines and this has a higher
fuel and speed control efficiency than that of mechanical, hydraulic and
pneumatic governors.
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4

POWER GENERATING SYSTEM

This chapter discusses the basic principle of using alternator to generate electricity, its maintenance and principle of operation. /14/
4.1 The alternator

Figure 4: Basic operation of alternators based on electromatic induction /2/
The Operation of power generators is based on the phenomenon of electromagnetic induction: whenever a Conductor moves relative to magnetic field, voltage is
induced in the conductor. Particularly, if a coil is spinning in a magnetic field,
then the two sides of the coil move in opposite directions, and the voltages induced in each side add. (See Figure 4)
Numerically the instantaneous value of the resulting voltage (called electromotive
force, E.M.F) is equal to the minus of the rate of change of magnetic flux φ times
the number of turns in the coil with respect to the change in time for the rotation
in the magnetic field.
(1)
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This relationship has been found experimentally and is referred to as the Faraday's
law. The minus sign here is due to the Lenz law, which states that the direction of
the emf is such that the magnetic field from the induced current opposes the
change in the flux which produces this emf. The Lenz law is connected to the conservation of energy.
For clarity, the above diagram shows a single rectangular conductor loop instead
of an armature with a set of windings on an iron core. Since the rate of magnetic
flux change through the coil that spins at a constant rate changes sinusoidally with
the rotation, the voltage generated at the coil terminals is also sinusoidal alternative current (AC).
If an external circuit is connected to the terminals of the coil, this voltage will create current through this circuit, resulting in energy being delivered to the load.
Thus, the mechanical energy from the diesel engine that rotates the coil (i.e. armature) is converted into electrical energy.
The load current in turn creates a magnetic field that opposes the change in the
flux of the coil, so the coil opposes the motion. The higher current, the larger
force must be applied to the armature to keep it from slowing down. This backward load must be controlled by the engine governor so that engine components
will not be excessively be stressed.
It must be well understood that the production of voltage depends only on the
relative motion between the coil and the magnetic field. Voltage is induced by the
same law whether the magnetic field moves past a stationary coil, or the coil
moves through a stationary magnetic field. In alternative current (AC) generator
plant, usually the field is spinning and the power-producing armature is stationary.
This armature comprises of a set of coils that form a cylinder. Also, in practice,
the magnetic field is usually induced by an electromagnet rather than a permanent
magnet.
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The electromagnet consists of field coils mounted on an iron core. A current flow
in the field coils produces the magnetic field. This current may be obtained from
an external source or from the system's own armature.
Regulation is achieved by sensing the output voltage, converting it to a DC, and
comparing its level to a reference voltage. An error is used to control the field in
order to maintain a constant output.
Most modern AC sources with field coils are self-excited: the current for field
coils is supplied by an additional exciting winding in the armature. The exciter
output voltage is rectified by a diode bridge (Wheatstone bridge) and usually is
fed into a voltage regulator. When output alternative current (AC) current is generated, a portion of it flows into field coil to generate magnetic field.
The initial magnetic field before the device started is produced by residual magnetism in the core of the electromagnet or is created by an electric current driven
from a battery during engine cranking.
The residual magnetism of the exciter core may be lost or weakened by external
magnetic fields from any source or by non-operation for a long time. Some generators are provided with automatic field flashing. Otherwise, if the core the electromagnet loos its residual magnetism, the rotor will spin, but no alternative current (AC) output voltage will be produced. In this case, to start the generator a
process called generator field flashing must be performed.
4.2 Procedure to perform generator field flushing
Generator field flushing is performed when the generator fails to build up adequate voltage due to insufficient residual magnetism in the exciter and generator
field. The following steps are conducted to return the field flush capability of the
generator. /16/


Stop the engine
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Disconnect exciter field leads from the voltage regulator (note the polarity
of the leads),



Turn the circuit breaker off.



Then briefly apply voltage from an external battery or another DC source
in series with a 10-20 Ohm 25W limiting resistor or a bulb to the field coil
while observing polarity.



Allow the field to be flashed for some 10 seconds,



then remove the external voltage source, and



Reconnect the exciter coil.



Start the engine and observed the output.

4.3 Generator output control
The output voltage of an AC generator is controlled by controlling the strength of
the rotating DC field. Increasing the field strength increases the AC output voltage
while a decrease in the DC field strength will reduce the output voltage. As generator load is increased, the field strength must be increased to hold the output voltage constant. /16/
A necessary condition of generator operation is that the machine must be running
at its rated speed because the generator output voltage is also proportional to the
generator RPM. Several methods of field control are commonly used see the
above connection of the voltage regulator and the cut out. /16/
The DC field voltage produced by the generator voltage regulator is applied directly to the slip rings of the main rotating field of the generator. The advantage of
this configuration is its relative simplicity; the exchange is that a voltage regulator
with a higher current output is required to drive the main field directly. The DC
field voltage produced by the generator regulator is applied to the stationary field
of an exciter. (See Figure 5) /16/
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Figure 5. Output control of generator.
Source: http://www.sabra.be/GB/Tecnics/RB106.htm
An exciter is a small DC generator which is used for the purpose of providing DC
field current to an AC generator field. This concept permits the use of a generator
regulator with a lower output current capability as the exciter acts, in essence, as
an amplifier. Controlling the smaller exciter field current will control the larger
exciter output current which is then connected to the main rotating field. Brushless systems are often employed. /14/
In most large generators has incorporated a pilot exciter. In this excitation scheme
the pilot exciter stationary field will be controlled by the regulator and the output
of the pilot exciter will control the field of the main exciter, which will in turn,
control the machine main rotating field current./14/
If the generator engine speed drops, the generator output voltage will also drop
considerably. The voltage regulator will see this drop in voltage and will attempt
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to correct it by increasing the field excitation. This can result in damage to the
regulators shunt windings due to excessive current. /14/
In applications where the generator frequency can fall below the rated value, a
regulator having frequency compensation circuitry, such as the Ballast resistance
as shown above, should be employed. This circuitry recognizes the reason for the
reduced generator output voltage. /14/
4.4 Starting the generator
The engine of the generator can be started by the means of a key manually operated by the operator. This makes it very difficult to monitor as power outage cannot
be predicted. For this reason most generators has incorporated with it an automatic system to start the engine and monitor the equipment as it operates. /16/
When the Automatic Transfer Switch detects a power outage, it signals the generator control panel to start the generator. Since the engine is a diesel unit the automatic transfer switch will activate the glow plugs for an adjustable amount of time
(standard set threshold value).
It will then engage the starter and attempt to start the generator. If the generator
does not start after 10 seconds of cranking, it will disengage the starter for 10 seconds before trying to start the generator again. It will try to start the generator
maximally 3 times or as set by the manufacturer or the operator. /16/
When the generator starts, the equipment will automatically disengage the starter.
This senses the engine speed by measuring the frequency of the generator output
from a tachogenerator. The generator transfer switch will sense that the generator
is running and automatically switch to generator power.
When the generator has been running for 12 seconds the automatic switch module
will start monitoring the oil pressure, engine temperature, battery voltage, and the
speed on the control panel by using the differencing of the running values to the
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set value. For that reason if the generator loses oil pressure, overheats, or goes into an over/under speed condition, the module will shut down the generator to protect it from damaging. /14/
When the transfer switch signals power from the grid supply, it will signal the
module and the generator will shut off. The module will then wait for the next
power outage. When the generator goes off even though there is a power outage it
follows the automatic switch as senses the fault operations and this must be
checked. /14/
4.5 Maintenance of the generator
To prevent generator set down time, the system must be regularly maintained to
keep the system in a good working condition. A regular low cost maintenance
schedule can be planned mostly in the form of frequent filter and oil changes,
dusting, etc.
Daily


Run the generator on no load condition and read the outputs on the panel.



Record the output and compare it to the manufacturer’s specification.

Semi annually


Blow out dirt that has been trapped in the windings of the generator



Check for sulphation in on the output terminal of the generator and work
them out.



Check the transfer switch for correct operation.

Breakdowns


Check the continuity of the stator coil windings



Check the armature bearings for wear



The for excessively worn carbon brushes and replace them (optional)
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5

DESIGN AND SPECIFICATIONS

This chapter will document the current situation in Technobothnia laboratory, the
methods and procedures involved in collecting the data of design work. /22/
5.1 Current situation in Technobothnia laboratory
The current method of experiment in generating electricity at Technobothnia laboratory involves the use of a generator and a motor. This generator and motor are
coupled together with two couplings and a torque sensor. The motor acts as a
driver which takes it source of energy from the grid to drive the generator for electricity production. The speed and torque output of the system is controlled with a
frequency converter. /22/
In addition to this, there are other forms of generating electricity at the energy laboratory within Technobothnia for experiments and teaching purposes. The various technology setups for generating electricity for laboratory experiment have
their source of energy from the grid. These forms of energy generations are fuel
cell technology, wind energy and hydroelectric technology. /22/
In fuel cell technology, two tanks are connected together with pipes, filled with
distilled water, an electrolyzer with a valve and a lamp of 100W as a source of
heat torching directly on a small panel. This experiment converts chemical reaction of oxygen and hydrogen to produce energy. /22/
In wind energy technology, an electric fan is used as a source of wind to turn the
blade of a small wind generator. This is connected to a voltmeter a potentiometer
and the wind speed and generator are measured. /22/
The hydroelectric system for generating electricity is also used for testing the efficiency of energy generated using pump and a turbine. This equips students with
the ability to identify how effective the turbine at different speed and flow rate,
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taking into consideration the power output of the pump at a given speed and flow
rate of water /22/
A need has arisen to create an experiment to generate electricity independently
without taking its source of power from the grid. A successful completion of this
project will give student the plat form to study effectively the basic principles of
generating electricity, repair, maintenance and troubleshooting basic faults in generator.
The design and assembly of 2TNE68 diesel engine will be different from the existing technology of generating electricity in Technobothnia and this system of
technology has an engine as its driver and this will drive the generator to generate
electricity.
The only available components for this design are a diesel engine and a generator.
The rest of the components were selected based on researches, scientific calculations, quality of materials, communication with some companies who have experiences and knowhow of the components and some specifications from the engine
and generator manual.
5.2 Specification
The specification defines the standard measurements of the component parts of
the generator set and this covers the 2TNE diesel engine, alternator, torque sensor,
stepper motor, stepper motor and drive, vibration isolator and double flexible
coupling.
5.3 2TNE Diesel Engine
The engine is the main source of input energy to the generator set which operate
on diesel fuel. The engine is a YANMAR type of engines, model 2TNE68 of the
TNE series two cylinders two stroke cycles. It is an indirect injection type of
combustion system with 68 mm bore diameter and 72 mm stroke and has a dis-
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placement of 0.523 liter. The maximum rated engine speed is 3000 rpm with a
corresponding continues power output of 7.6 kW. The capacity of the engine is
1.046 liters. /15/
The brake power (BP) of an engine is the power developed at the end of the
crankshaft.
BP = 7.6 kW (7600 W)
Speed (N) = 3000 rpm
Output torque (T) =?
Therefore, T = P x 60 / 2 x3.142 x 3000
T= 7600 x 60 / 2 x 3.142 x 3000
Output Torque (T) = 24.2 Nm
5.4 Generator (Alternator)

Figure 6. Generator (alternator) designed with NX software.
The generator is a part of the generator set that produces electrical output from the
output drive of the engine (brake power). It encompasses an assembly of stationary (stator) and moving (rotor) parts in a casing. The rotor is driven by the engine
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and creates a rotating magnetic field around the stator, the windings of the stator
is induced with a voltage. It is a three – phase type of generator with two poles
and brushless. The maximum output capacity is 7.5 kW. (See Figure 6).
5.5 Torque sensor
Torque sensor is a measuring device used for measuring torque of a rotating object. There are two types of torque sensors: reaction and rotary torque sensors.
Reaction torque sensors has no moving parts so they pick up torque through the
system whiles rotary torque rotate as part of the system. (See Figure 7).

Figure 7. Torque transducer designed with NX software
In the selection of a torque sensor different steps were taken into consideration:
first the right company was identified which has the experience and technical
know-how that can provide support for an optimized solution. Secondly, the application of the torque sensor was defined by measuring the torque that is converting mechanical input of the engine into an electrical output signal.
Thirdly, the size and specifications of the torque sensor, taking into account the
surrounding temperature, humidity of the laboratory and overload capacity. The
next step we considered inline based torque sensor and inline floating torque sen-
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sor. The based type measures torque up to 50Nm whereas the floating type
measures torque from 50Nm and above. Lastly, the selection of this type of torque
sensor was based on the calculated output torque of the engine and a safety factor
of 1.50 was added.
Output torque of the engine (T) = 24.2 Nm
Torque sensor output (T1) = T x safety factor
(T1) = 24.2 x 1.50
(T1) = 36.3 Nm
Selected torque sensor output measures from 0.1 to 50 Nm.
5.6 Coupling

Figure 8. Double flexible coupling
Couplings are used to transmit torque between two shafts when they are slightly
misaligned. The types of couplings are stiff, single flexible and double flexible
type. The stiff type has no degree of freedom to accommodate any misalignment;
single flexible type has only one degree of freedom that can allow angular misa-
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lignment whereas double flexible coupling type has two degrees of freedom that
can compensate for both angular and radial misalignment. (See Figure 8).
The following requirements were considered in the selection procedure for correct
coupling:


The output torque of the engine and generator



The maximum speed of the engine and generator



The application and the type of the components to be connected



The generator shaft diameter, length and the thickness of keyway exact
dimensions.



Safety factor of 1.50 to overcome any overload or disaster.

5.7 Stepper Motor
A stepper motor is a device used to convert electrical pulses into discrete mechanical rotational movements. The RPM adjustment can be done in a different way
but this design focuses on using the stepper motor and a controller has it is the
simplest, easiest and cheapest method to control the RPM. (See Figure 9)

Figure 9. Stepper motor
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This type of stepper motor was chosen based on the physical mounting and frame
size. Table 2 outlines the specification of this stepper motor.


Physical mounting: this measures the diameter and length of the output
shaft and fastening point.



Frame size: This determines the amount of heat it can resist. (The input
current from the driver which should be between the range of the steeper
motor, the holding torque and the running torque, the lead wire and the last
is the step angle).

Table 2.Specifications of stepper motor
Frame size

Step size Phase current

Holding torque

Inertia

Number of
leads
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1.8 0

1.4A

1.10 Nm

1.53N

4

5.8 Stepper motor driver
A controller is a device used to drive a stepper motor. Its selection was based on
the input voltage and the current of the stepper motor, the type of stepper motor
and step resolution. Table 3 below shows the specifications for selecting step
driver of the stepper motor.
Table 3. Stepper motor driver specification.
Type

Bipolar

Phase current range

0.35 – 2.0 Amps

Voltage range

+12 to 24 VDC

Step resolutions

Full, half, ¼ and 1/8 micro steps
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5.9 Vibrating isolator
A vibrating isolator is a device used to prevent the transfer of vibration from a
generator set to the ground and from the ground to a generator set. It also prevents
free movement of a generator set as it is bolted to the ground. The selection of vibrating isolator for this generator set design was based on the calculated values.
(See Figure 10)

Figure 10. Vibration isolator.
These values are static load per support point of an isolator, static spring constant
and deflection. These calculated values are just estimated values for the selection.
The final selection of the isolator can be done after using the calculated value to
conduct an on-board test. A sample calculation was taken from the engine manual
to calculate the actual values for the selection.
5.10 Analysis of vibration isolator
The calculation of the vibration isolator /15/
Engine mass = 66 kg
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Generator mass= 35 kg
Torque sensor couplings mass= 10kg
Flange and housing mass = 5kg
Estimated Total mass (Tm) = 110 kg 100% safety factor = 220 kg
Normal engine speed (N) = 1500 Rpm
Number of cylinders = 2
Torque alternation (n) = 2 (See Appendix 12)
Support point = 4 points
1. Static spring constant Static spring constant (Ks) is the ratio of dynamic
spring constant to frequency ratio (1.4) (See Appendix 11)


Support load (w) = total mass / support point
(w) = 220 / 4
(w) = 55 kg



Natural frequency is the frequency at which the system will vibrate freely

Targeted vibration transmissibility = 10 %
Isolation efficiency = 90 %
Frequency ratio (n/f) = 3 from the graph, (See Appendix 11)
The following equation f = n/3
f=Nxn/3
f = 1500 x 2 / 3
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f = 1000 rpm (16.7 Hz)
f = 16.7 Hz


Dynamic spring constant (k)

Static load per point (w) = 55 kg
f = 16.7Hz
w = 55kg
g = 9.81
√

K= (2π × 16.7
K = 61 744,6 kg/m (617,5 kg/cm)


Static spring constant (Ks)

Dynamic spring constant (kd) = 1.4 x static spring constant (Ks)
Therefore, static spring constant = dynamic spring constant / 1.4
(Ks) = 61 744,6/1.4
(Ks) = 44103,3kg/m (441 kg/cm)
2. Static deflection (D) is the deflection of a mount at a given static load.
(D) = 9.81 / natural frequency (fn)
(D) = 9.81 /square of (16.7)
(D) = 0,035175 m (3.52 cm)
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The criteria for selecting the vibration isolator were based on results from above
analysis.
a. Static load per support point of isolator

= 55 kg

b. Static spring constant

= 44103.3kg/m (441kg/cm)

c. Static deflection

= 0.035175 m (3.52 cm)

When installing a diesel engine generator set, it is important to reduce structure
noise and vibration in the building in which the engine is located.it is important to
consider certain factors (mass of equipment, frequency of rotating equipment,
natural frequency of isolator, natural frequency of floor, mas of floor, stiffness of
floor and vibratory force produced by equipment) when designing an isolator system hence the analysis above.
5.11 Engine damper
The type of the damper selected was based upon the size dimensions and fitting
between the engine and the bracket. (See Figure 11)

Figure 11. Engine damper
Stepper Motor
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Stepper motor is a device used to convert electrical pulses into discrete mechanical rotational movements. The Rpm adjustment can be done in a different way but
this design focuses on using stepper motor and a controller has it’s the simplest,
easiest and cheapest method to control the rpm. (See Figure 9).

Figure 12. Engine damper bracket
5.12 Generator Base
The base was designed in such a way that it creates mountings for the engine,
generator, stepper motor seat and torque sensor. A slot is provided between two
sides of the sump for oil drainage when changing oil. An eye hook is created so it
can be easily hooked and move from one place to another. Threaded holes and
through holes are created to help bolt other components to it. (See Figure 13)
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Figure 13. Generator base
5.13 Generator Housing
The housing was designed to enclose all the components of the generator set and
to act as protecting equipment for both human and the generator set. A seat is created on top of the housing to allow stepper motor driver to be placed on top of it.
Space is created on the side of the housing for easily removal and adjusting of the
stepper motor and also connecting the stepper motor to the driver. Holes are created on the foot of the housing to be fastened to the base. Space is created for connection of hoses to the radiator. (See Figure 14)
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Figure 14. Generator Housing
5.14 Stepper motor seat

Figure 15. Stepper motor seat
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The stepper motor seat was designed in such a way that it provides room for adjustments when connecting the shaft to the control rack of the governor. The materials that will be used for manufacturing the stepper the seat should be a good
conductor of heat, so that the heat from the engine would not be transferred to the
windings of the stepper motor easily. (See Figure 15)
5.15 Flange
The flange was designed so it can fit into the cut hole of the flywheel; the outside
diameter of the flange is equal to the inner diameter of the flywheel hole. It has
four holes that can allow fastening together with the flywheel. The shaft diameter
of the flange is designed to be equal to the shaft diameter of the generator to aid
easy selections of the couplings. A keyway is designed on the shaft, which is
equal in length, thickness and height as to generator shaft keyway. (See Figure 16)

Figure 16. Flange coupling
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5.16 Assembled work
The whole unit is assembled after designing the various components of the generator set. The components parts were carefully coupled taking into consideration
the matting parts and direct coupling of engine, torque sensor and alternator were
in proper alignment to the base of the generator set. (See Figure 17)

Figure 17. Assembled work
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5.17 Temperature sensor
Temperature sensors are devices used to monitor and adjust an engine. The three
types of temperature sensors are intake and output water temperature sensor, inlet
air temperature sensor and exhaust gas temperature sensor. These sensors measure
the state of an engine and send signals to the ECM for a correct metering or combustion of an engine. /14/
The water temperature sensor responds to the temperature changes in coolant by
sensing the critical lower and higher temperature of the coolant. The inlet air temperature sensor detects the incoming air temperature and sends signal to the ECM.
This type of sensor helps to determine the amount of temperature needed for a
cold start. The exhaust gas temperature sensor measures the amount of temperature in the exhaust gases in the exhaust manifold. /14/
5.18 Fuel consumption sensor
A mass fuel flow consumption sensor is a type of sensor which measures the flow
rate of fuel flowing through the supply line of a fuel system. To select a mass fuel
flow consumption sensor, the fuel flow rate, output voltage and output engine
power is considered. Selecting this type of sensor was done based on the analysis
and calculation. A sample calculation was taken from 2TNE engine manual. Table
4 shows the specifications of mass fuel flow sensor. (See Appendix 13)
Specific fuel consumption (Sfc) = 279g/kwh
Specific gravity of diesel fuel (d) = 0.83
Engine power output = 7.6 kW
Fuel consumption (r) =?

47

Table 4.Flow rate of fuel consumption sensor
Ranges
Flow rate

0 – 2.56 l/h

Output Voltage

0 -10 V

Engine power output

7.6 Kw max.

5.19 Generator set noise and vibration
Reciprocating and rotary movements of an internal combustion engines generates
different types of noise and vibrations. These vibrations and noise were dealt with
in the designing stages of an engine but they could be eliminated to zero percent.
Therefore, further minimization of these noise and vibrations is necessary to prevent any inconveniences that will arise in the laboratory.
5.20 Sources of noise and vibration
The generator set source of noise and vibration may come from the cooling fan,
alternator, engine, whole system assembled and the exhaust.
The noise generated from a cooling fan is a result of high speed air passing
through the radiator fins to cool the heated water and then striking on the side of
the engine. The alternator noise is mainly from the cooling fan, friction generates
from brushes and fluctuations in current of an alternator windings.
Engine noise and vibrations are basically from the energy out of the combustion
which forces the piston downwards then converting it to rotary motion. Other
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source of noise and vibrations can be from improper fastening of the components
and the engine to the base. Expulsion of exhaust gases from the engine cylinders
leaves with higher velocity and temperature; this generates sound which needs to
be dampened.
The vibration from the engine is transferable to the other components connected
to the engine. The generator set as a whole is connected to the base, so vibration
from this system can be transferred to the ground which can have effect on individuals around and other machines in the laboratory.
Using air intake baffler is one method of reducing radiator noise and also setting
the radiator to seat at 90 degrees to the base. The air in the laboratory is stagnant
so there is no need for radiator baffler.
The type of alternator for this design is brushless so reduction of noise in the alternator will be minimized. Correct selection of engine seat with a good damping
material in it and properly bolted to the engine and the base firmly
To damp exhaust noise effectively two silencers can be used primary and secondary silencers with a flexible bellows joints for connecting the exhaust pipe line
together. A spring loaded vibration isolator is a device used to prevent vibrations
generated from the generator set to the ground and vibrations from the ground to
the generator set. Mounting of generator set on a foundation of 100mm thickness
and a flat level is also means of preventing vibrations. /1/
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6

INSTALLATION PROCEDURE

The installation of 2TNE68 mini micro diesel engine generator will basically center on general safety, instruction, and mechanical aspect the whole unit. /14/
General Safety
The following safety regulation must be strictly adhered to prior to and after unit
installation and assembly, initial start-up, maintenance and full running of the
unit.





No operator should run the unit without the permission of a supervisor
Wear ear protection and be in overall or over coat
The operator must be familiar with control and display unit and
must know the outcome of all control and display unit
The operator should report all fault detected to the supervisor in
charge

6.1 General instructions
The 2TNE micro mini generator is designed with eyebolts for lifting purposes.
During handling, additional weight is not allowed on the unit when lifting, lowering or positioning.
6.2 Installation
The foundation and the base of the unit are designed with vibration isolators (mechanically) in such a unique way to ensure tough structure for vibration avoidance
when the whole unit runs on full load.
Components to be assembled and aligned are generator, double flexible coupling,
torque sensor and diesel engine. The following procedure should be followed:
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1. Clean the component from dust or dirt and grease mating parts if possible.
2. Mount the dial indicator on the flywheel to check concentricity and rotate
the flywheel several times to ensure the crankshaft endplay
3. Fasten the flange to the flywheel and attach the driven member of the flex
coupling to the flange and tighten all bolts to the specified torque value.
4. Mount and align the flex coupling halves between the driven flange and
generator till it is centered.
5. Carefully align the torque sensor between the flex coupling by feeding
sensor shaft through the load and hole of the flex coupling and support the
base with shims till it aligns with the engine flex coupling and generator
6. Check again for the crankshaft end play.
7. Torque all coupling and mounting bolts to the specified torque value.
8. After determining that the engine and load are in alignment, the crankshaft
end play should be checked to see that bolting and coupling together does
not cause end thrust.
The generator must be accurately aligned since the direct coupling of engine,
torque sensor, and generator (alternator) was adopted and leveling of the whole
system should be taken into consideration since different expansion levels can affect the degree of alignment of the whole unit. For this reason the whole unit
should be checked for parallelism and angular alignment of coupled component.


Checking for parallelism

Misalignment for parallelism for coupled components can be checked by fitting a
dial gauge indicator and observing its reading at several points on outside diameter of the coupled component as they revolve bearing in mind that shaft load
should indicate a higher reading than that of engine shaft.
Note: The engine bearing has more clearance than tongue sensor bearing and the
flywheel front drive will rotate in a “drooped” position which is below center -line
of rotation. After coupling the generator to engine, check for angular misalign-
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ment by fitting the dial gauge indicator and taking the reading from one face to
the other and the reading will determine if whether the component centers are
aligned with each other
The recommended clearance value is adopted using double flexible coupling to
couple torque sensor, engine and generator (alternator). After final installation, the
following measurements must be checked to confirm proper alignment as noted in
the table and illustration below.
Table 5.Recommended clearance values.
Clearance

Value

Axial

3 - 5mm

Radial

0.05mm

Angular

0.10mm

The engine damper is installed as follows:
1. The engine damper has the same thread sided shaft dimensions, thread one
side of the shaft to the threaded holes of the base.
2. Put the seat brackets to the other side of the shaft and align the other side
of the bracket to the engine seat holes.
3. Put bolt and nut and tighten to the required torque.
The Stepper Motor and drive unit are installed as follows:
1. Bolt the stepper motor seat to the side of the base.
2. Place the stepper motor on the seat, check for correct alignment to the
governor rocker arm and attached them together.
3. Adjust and tighten the stepper motor to the seat and the shaft to the rocker
arm of the governor.
4. Connect the lead wires cable to the stepper motor and the driver.
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7

CONCLUSIONS

This study was motivated by a need of obtaining a precise knowledge of designing, maintenance and installation of a utility diesel engine generator for lab experiment. Thus a study of backup power generation system was undertaken. An introduction to power generation system was briefly discussed and different components of the 2TNE micro diesel engine were further explored to obtain dynamic
system design for an isolated area within Technobothnia laboratory. In order to
model effective system design, an in-depth study on some of the unit individual
components was done using mathematical equations and other components, too,
were selected based on the system specification. The sensors were selected to
monitor system performance and efficiency
The second stage of the thesis was to design the individual system components: ,
2TNE diesel engine, generator, in-line rotary torque sensor, flex coupling and
whole unit base using NX design software. These individual system components
were modeled first to obtain a concrete result before assembling them together to
form a complete unit.
In the design phase of overall system, the system parameters were formulated
based on output load of the 2TNE micro diesel engine and the generator. However, some specification could not be gathered due to difficulty in calculating the
torque of stepper motor, hence some selection criteria was based on assumption.
Finally, the general mechanical structure of fuel delivery by the governor was redesigned to deliver fuel to the engine electronically, using the stepper motor and
drive mechanism. The developed electronic adjustment of the governor appears to
be suitable for efficient and economic fuel usage in our dynamic study. The system was not assembled and tested because we were only requested to make the
design. The major problem encountered in this project was time constrain,
communication and inadequate information on the manufacturer’s manual of
2TNE68 engine.
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Appendix 1

Double flexible coupling
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Appendix 2 Engine
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Appendix 3
Engine damper
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Appendix 4
Flange coupling
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Appendix 5
Generator
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Appendix 6
Generator housing
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Appendix 7
Engine damper bracket
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Appendix 8
Stepper motor seat
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Appendix 9
Inline Torque sensor
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Appendix 10
Assembled Work
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