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Abstract

The Bachelor’s thesis work was made at Wartsil&iSey Vibration Environmental
and Measurement Technologies in Runsor, Vaasa.pligose of the work was to
design and build a mini genset that can be useddasure vibration and torsional
vibration. It will be used as a demonstration maehto practise and teach how
vibration measurement equipment works. The readonthis mini genset is needed
is that there is none that meets these requiremendasstore. Only the mechanical
part, to find parts and to build them together, bagn carried out. A vibration
measurement is presented at the end of the tAdssmeasurement was made to see

if the mini genset works and if there are someatibns.
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Abstrakt

Detta examensarbete gjordes vid Wartsila Serviggration Environmental and
Measurement Technologies i Runsor, Vasa. Syftet de¢th examensarbete var att
designa och bygga ett minigenset som kan anvanillagttmata vibrationer och
torsionsvibrationer. Det kommer att anvindas songdemonstrationsmaskin for att
Ova och lara ut hur vibrationsmatningsutrustninggierar. Anledning till att detta
minigenset behdvs ar att det inte finns ndgot satsvarar dessa krav i en affar. Det
var bara den mekaniska delen, att hitta delar gggd ihop dem, som har gjorts. En
vibrationsmaétning presenteras i slutet av examéeeset: Denna matning gjordes for
att se om minigensetet fungerar och om det fingsangibrationer.

Sprak: Engelska

Nyckelord: vibrationer, mini genset, torsionsviliwaer, vibrationsimulator,

demonstrationsmaskin
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1 Introduction

The reason why this work was chosen to become mdéar’s thesis was that | worked at
Wartsila as a trainee in the summer of 2011 angr difte summer | continued with the

Bachelor’s thesis work.

| did my Bachelor’s thesis at Wartsila Technicaivi®e, Vibration, Environmental and
Measurement Technologies. Mr. Matias Palmujoki sagervised my work at Wartsila
and Roger Nylund has been my supervisor at No\ha. goal of this Bachelor’s thesis was
to design and build a demonstration machine fdingsibration and torsional vibration.
The machine will be used for measurement trainimd) @so for testing new measurement

equipment.

To get a fully operational demonstration machimeeéded to find suitable parts and also

design bracket that fit to the parts.

2 Purpose of the Bachelor’s thesis

The purpose of the thesis is to build and desigmra genset that can be used to measure
vibration and torsional vibration. This mini gengell work as a testing and demonstration
machine. It can for example be used to test newpewnt but also for educational
purposes, to teach and learn how the measuremeipnegnt works.

A generating set (or genset) consists of an intecombustion engine and a generator
mounted together on a base frame, e.g. Wartsild&3gdherating set. The idea is that this

mini genset will work as a simulator for a real \f8d& genset, for vibration measurements.

Only the mechanical work, i.e. finding parts andldng the genset, will be carried out.
There will also be a measurement at the end ofhsis to see what the vibration results

will be like, if there was some vibration or not.

The reason why this mini genset is custom desigisdsecause there isn’t any mini genset
in the regular store that meets the requiremerdsaanuld be suitable.



3 Company

Wartsila is a global leader in complete solutions the marine and energy markets.
Wartsila operates in Europe, Asia, the Americas Afitta. The company employs over
17,000 employees in 160 locations in 70 countriesurad the world. The company
operates in three business areas: Ship Power,c8srand Power Plants. Ship Power is the
department where they focus on solutions at sede Wlower Plants focus on electricity
producing engines on the mainland. Service takesafahe lifecycle of the engines. They

offer the customers for example advice, spare paudsrepairs. (1)

In Finland Wartsila has 3,400 employees and istéatan Vaasa, Helsinki (headquarters),
Turku and Espoo. In Vaasa Wartsila has 2,900 enepoyand the main R&D center for
Wartsila 4-stroke engines is located there. Thedgebon for Wartsila W20, Wartsila

W32, Wartsila W34DF, Wartsila W34SG is also located/aasa. The locations where

Wartsila operates in Vaasa are in the city cemnickia Runsor (2)

@ Wartsild's global prasence 8 Perzonnel by market araa i Net sales by market araa

Figure 1. Wartsilas global operating m#p)



4 Theory

4.1 Vibration basics

Vibration refers to mechanical oscillations abount equilibrium point. The oscillations
may be periodic, such as the motion of a penduttmnandom such as the movement of a
tire on a gravel road. Vibration is occasionallysidable, for example the motion of a
tuning fork. More often vibration is undesirabley fexample the vibrational motions of
engines or any mechanical device in operation gpedlly unwanted. There are two

different types of vibration, free vibration andded vibration. (3)

Free vibration occurs when a mechanical systeneti®f with an initial input and then
allowed to vibrate freely. Examples of this typevdiration are pulling a child back on a
swing and then letting go or hitting a tuning fakd letting it ring. The mechanical system

will then vibrate at one or more of its “naturaéduencies” and damp down to zero. (3)

Forced vibration is when an alternating force otiorois applied to a mechanical system.
An example of this type of vibration is the vibaatiof a building during an earthquake. In
forced vibration the frequency of the vibrationtine frequency of the force or motion
applied, but the magnitude of the vibration is stjlg dependent on the mechanical system
itself. (3)

Why are vibration measurements required? The meamnts need to be performed
because vibration can harm or demolish an enginésocomponents. There are two
occasions on which vibration measurements are offgnired. The first occasion is during

or just after commissioning and the second occasiarhen vibration problems occur. (4)

4.1.1 Overall measurement

There are several different techniques that cap helsolving vibration problems. The
different techniques are visual inspection, measuvibration levels and measuring
vibration spectrum. Visual inspections are impdstdvut this is a limited technique
because the human eye is not able to see vibratioaigher frequency than roughly 50
Hz. (4)



4.1.2 Wartsila measuremen procedure

The first thing to do is to measure overall vibwatievels.This givesan indication of the
vibration severity but seldom gis an answer to thenderlying vibration problerthat is
causing the vibratianOverall vibration levels are sufficiens areference measureme
and for engine monitoring purpcs, but for problem solving alsaibration spectra ar
needed. At Wésila the most common vibrati instruments are B& 2513 and EM 83.!

vibration scanner. (4)
What can cause extensive vibrationan engine?

* Misalignment, main couplinfailure: thiskind of problems cause first aisecond
order vibration.

* Heavy misfiring: his often causes first order vibration.

* Flexible mounting problemsirst order vibration is extensive.

» Higher emine order vibration problemsroken or loosened stl structures.
The excitation frequencies are normally expressechamonic orders of the engi
running speedThe frequency of the™ order is then k*n/60 Hzwhere n is the runnin
speed of the engine in unit [rp.

An example of howo calculate thengine harmonic order:

Engine speed: 750 rpm
Engine order D = 1.0 x 750rpm / 60= 12.5
Engine order D = 2.0 x 750rpm / 60= 25.0

50 X[ 75 |Hz Y:| 4.317 | mm/s Total:[ 716 | mm/s
’ i

4.0
3.0
20
1.0
0.0
1 50. 100. 150. 200.
- N -
/ \ —~"
- Rigid body T~ _ _
- Elastic mounting * Rigid body - Elastic modeshapes, torsion
- Large displacements - Bending - complex, local vibration & modes
- Mass forces - Gas forces

Figure 2. A typical vibration spectrum measuron a diesel enginé4)
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The simplest vibratory system is an undamped s-mass combination. The fr
vibration of this system can be described by foa 1. (5)

Formula 1:

ma+kx=0, where

ais acceleration

X isthe amount the spring is stretc!

ma expresses the force produced by the oscillatings
kx describes the counteracting force in the g

The natural frequency ofe system in figure 3 is calculated by formgla

Formula 2:
f = (1/2m) V(k/m), where

f is frequency
k is stiffness of the spring
m is the mass of body

(4)

m

Figure 3.An undamped spri-mass combinatior()

4.2 Vibration damping

To damp the vibration ofn engine you need to instal damper, whic will protect the

engine and surrounding parts from taking damage fribrations

In figure 4there is a graph showing free vibration with damgpifhe degree of damping
depends on the materigie external damping arrangements anddhsign. lormula 3 for
free damped vibrations is:



Formula 3:
mx + cx + kx = 0, where

c is damping coefficient

fffffffffffffffffffffffffffffffffffffffffffff

el e, =2,
e\ g =00 e

(5)
Figure 4. Free vibration with dampin@)

4.3 Operating deflection shapes

An operating deflection shapes (ODS) analysis éslus determine the vibration pattern of
a structure under given operating conditions. Mibrameasurements are performed at
different points and directions on the structurd tire vibration pattern can be shown as an

animated geometry model of the structure or listea shape table. (6)

Any ODS is a combination of the forcing functiorting on the structure and the dynamic
properties of the structure. The forcing functiompends on the operating conditions,
which for machinery could be influenced by e.g.ieagpeed, load, pressure, temperature
and flow. Ambient forces from waves, wind and fti@ffnight also apply for civil

engineering structures. (6)
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The ODS analysis can be divided into three typasieTODS, Spectral ODS and Run-
up/down ODS.

Time ODS s used to investigate the vibration pattern stracture as a function of time.
In contrast to Spectral ODS and Run-up/down OD&revthe vibration pattern of a single
frequency or order is investigated, Time ODS inelidll frequencies in the analysed

frequency range. (6)

Spectral ODS is used to investigate the vibration pattern ddtaucture for a specific

frequency or order component. For frequency compbmeestigations, FFT analysis is
used and the conditions must be stationary. Foerocdmponent investigations, an order
analysis is used to eliminate “smearing” of spéctamponents in cases of almost

stationary conditions. (6)

Run-up/down ODS s used to investigate the vibration pattern stracture for specific
order components as a function of rotational sp&éeé. order components can either be
defined beforehand (pre-slices) and/or taken ousliaes from e.g. contour plots (post-
slices). Run-up/down ODS is very useful for relgtia structure’s noise and vibration
behaviour to the rotational parts of an engine. (6)

4.4 Torsional vibration

Torsional vibration is an angular vibration of dnjext, for example a shaft along its axis
of rotation. Torsional vibration is often a problampower transmission systems using

rotating shafts or couplings, where vibration canse failures if not controlled. (7)

In an ideal power transmission system using ragapiarts, the torques applied or reacted
are smoothly leading to constant speeds. In rediity is not the case. The torques
generated may not be smooth (e.g. internal condoustngines), or the components being
driven may not react to the torque smoothly. Theponents transmitting the torque can
generate non-smooth or alternating torques e.ga\gears, misaligned shafts. Because the
components in power transmission systems are fioitety stiff, these alternating torques
cause vibration about the axis of rotation. (7)
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Torsional vibration is a problem in the crankshaftengines because of several factors:

* Alternating torques are generated by the slidemcranechanism of the
crankshaft, connecting rod, and piston.

= The motion of the piston mass and connecting rodsnigenerate
alternating torques often referred to as inertrgues.

= The cylinder pressure due to combustion is notteoighrough the
combustion cycle.

» The slider-crank mechanism does not output a sntoogjue even if
the pressure is constant, e.g. at top dead cdmtre is no torque
generated.

* Engines with several cylinders can have very flextrankshafts due to their long
length.

* There is inherently little damping in a crankshafteduce the vibration.

If torsional vibration is not controlled in a crasfiaft, it may cause failure of the crankshaft
or any accessories that are being driven by thakshaft. This potentially damaging
vibration can be controlled by an installation (@7

e Tuning mass
A tuning mass is a rotating disc (small flywhe&lttchanges the natural frequency
of the system. Typically located at the free enthefengine, but it can also be used
in other locations, e.g. close to a coupling fonitg the coupling natural

frequencies. (8)

e Viscous damper
A viscous damper is a seismic mass surrounded lioprsioil and enclosed in a
housing. It changes (lowers) the natural frequeon€ythe system and gives

additional damping. It is typically located in tiree end of the engine. (8)

e Tuned damper
Tuned mass damper stabilizes violent motion causedharmonic vibration. A
tuned damper reduces the vibration of a system aitlomparatively lightweight

component so that the worst-case vibrations aseiésnse. (8)



* Flywheel
A flywheel is a rotating mechanical device thauged to store rotational energy.
Flywheels have a significant moment of inertia, athdis resist changes in
rotational speed. It is used to reduce speed fatictias and to tune first torsional

mode of crankshatft. (8)

e Couplings
There are many different types of couplings, elgxilble coupling, rubber
coupling, steel spring coupling and hydrodynamiip sloupling. The primary
purpose of couplings is to join two pieces of noigtequipment while permitting
some degree of misalignment or end movement or. bidtley also reduce the

transmission of shock loads from one shaft to amoi(8)

4.4.1 Torsional vibration measurement

The torsional vibration measurements are performieen seen necessary, e.g. with new
engine configurations or when required by customibe measurement methods are either
angular amplitude measurements or strain measutem&he measurements strive to
determine the location of resonances (natural #aqies) and the amplitude of torsional
vibrations. The measurement tools that are us&usatsila to measure torsional vibration
are OROS and encoders. (9)

5 Design of mini genset

To get a fully functional mini genset and to makeun, a motor is needed that drives
everything around. An electrical motor was chosecalise the mini genset will be inside
and therefore an internal combustion engine was angood alternative. The most
important feature of the electrical motor was tihat speed range needs to be 50-1200 rpm.
This is because the rpm on the electrical motoukhbde equal to the rpm on a real
Wartsila motor, i.e. oscillations will be on thensa frequency area and a frequency

analysis is used when vibration measurements age.ma
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Another requirement was that the electrical motweds to be user controlled, because then
the speed of the motor can be adjusted and measnteran be performed at different

speeds. This will be solved with an AC drive, whinbkes the motor user controlled.

A shaft that connects the other components israeoled. The dimension of this shaft was
12 mm. The choice of 12 mm is because the shdftwitl and not break down. It is also a
compromise between the electrical motor shaft, I, mnd the trimmer motor shaft, 10
mm. To connect the shaft to the electrical motad &gmmer, two stiff couplings are
needed and also a soft coupling, which will comthaamiddle of the mini genset.

Then there must be brackets to the trimmer motaoaers and bearings as well as a base

frame that everything will lie on.

It would also be good to get the whole mini gersselight as possible and it should not be
too big either. It will be easier to handle the ngenset, if it is not too big and heavy.

Thereby it will be possible to move it, if necessé&ome other specifications are:

* Dynamic twist:

Dynamic twist will vary all the time in this caskecause the drive of a trimmer
motor will generate torsional vibration.

» Vibration testing should be possible:

This is one of the reasons why the whole mini gersséuilt, as the mini genset
will be used to measure vibration. The mini gemsstds to vibrate.

» Static twist, possibility to regulate static twist turning encoder during run, twist
angle to be +/- 15°:
The possibility to regulate the static twist bynitng encoder is there, because we
want to measure the static twist. To be able toswmesthe static twist it needs to be
changed, in this case the encoder needs to beadturhe angle +/- 15° has been
chosen, because this is the maximum a real Waesdiéne coupling reacts.

» Encoders on both sides of coupling:

Encoders on both sides of coupling are neededatonta can measure the twist in
the couplings.
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* Flexible mounting:
Some rubber elements will be put under the basedrd hey are there to simulate
flexible mounting on a real genset.

* Mechanical indicator for static twist:

A mechanical indicator is needed to see how mamyeds the encoder is turned
during the measurement.

* Look-like common base frame, material: steel:
The choice of steel is because the base frame nedus handling the weight and
vibration without bending. The measurement willdaesy if it has the same look as
a common base frame.

» Safe operation, hand and finger protection and gem&y stop:

This is needed to protect the person who perfoonseshing on the mini genset, if
something unpredictable should happen.

» Constant speed switch on HMI:

This is needed to operate the nominal speed dir&dthout adjusting it on the
buttons on the console.

 RPM indication to be designed:

An RPM indicator is needed so that it is possibles¢ée the current RPM of the
mini genset when driving it.

Figure 5 shows the final drawing and this is wihatdemonstration machine will look like.
The dimensions in the drawing are in actual sizkthe unit of measurement is millimetre.
The electrical motor comes to the left with a 92476 mm. This is the biggest item. After
the electrical motor follows the stiff coupling theonnects the electrical motor with the
shaft. After that the adjustable encoder with beaslcomes, this is the part that is 78 mm.

Bearings are included in both encoder brackets.
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Then a soft coupling comes in the middle, withze sf 136 mm. To the right the static
encoder with bracket comes. After the static eecadmes the other stiff coupling, which
connects the trimmer motor and the shaft. Thentmgkst the trimmer motor with its both
brackets comes. The final length of the whole rgamnset will be 854 mm.

Adjustable encoder bracket Soft coupling Static encoder bracket
176 62 _3Q. 78 | 40 136 40 __ 73 ( 30,59 90
/ﬁTrimmer motor
Electrical motor =
e e | o e 7 —-—- == FH——- ,
N Gt L 4 Trimmer bracket PTO end
854 |
Stiff coupling~" aAdjustable encoder Static encoder—/ Stiff coupling Trimmer bracket driving end

Figure 5. Final drawing of the demonstration maehin

5.1 Electric motor

To get the whole demonstration machine to run, laotrgcal motor was necessary. The
motor that was chosen is a VEM K21R 71 K6. It isnaall motor with a power of 0,18

KW. It was the heaviest part of the demonstrati@chmme with a weight of 7,4 kg.

This motor is the smallest electrical motor in VEMange, 180W. It also meets the RPM
requirements and with the 6 poles design, the nainspeed is approximately 930 RPM.
The supplier was also asked if it is possible teedthe motor with a higher RPM, to meet

speed requirements, like it says in the manual.sUipplier approved this.
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Figure 6. VEM K21R electrical mot¢i0)

5.2 AC drive

To control the speed of the electric motor therestinfne an AC drive. With the AC drive
the speed is controlled by changing the frequerich® electrical supply to the electric
motor. The 3-phase voltage in the electrical godrnected to a motor creates a rotating
magnetic field in it. The rotor of the electricalotar will follow this rotating magnetic
field. An AC drive converts the frequency of theéwerk to anything between 0 and 300
Hz or even higher, and thus the drive controls gpeed of motor proportionally to the

frequency. The AC drive also makes it possiblenange the direction of rotation. (11)

The AC drive that was decided to be used was theoWd0 AC drive. Vacon 10 was
chosen because it is a small and compact AC dsineple to use and it also has all the
functions needed. There are different sizes oMeon 10. The one that was chosen is one
of the smallest. It can handle up to 0,25 kW, wlsciits because the electrical motor is
0,18 kW and there is no need of any bigger AC drivgvas also bought from the same
place as the electrical motor and it was recommeride the electrical motor that was
chosen. (11)
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Figure 7. Vacon 10 AC drivd 1)

5.3 Trimmer motor

The first plan was to look for a small compress$ar, there were no suitable ones. Most of
them were too big or did not meet the requiremehtss something else than a compressor
had to be found. A trimmer motor would be suitaliéooks like a motor and the dynamic
pressure can also be measured by removing the ppagkThe decision was therefore to

look for a trimmer motor.

Two trimmers were dismounted before the suitatientrer motor was found. The trimmer
motor that was chosen has a shaft on both sidéiseomotor. This is because now it is

possible to e.g. have an encoder on the non-dremuof the shatft later, if needed.

The trimmer that was bought was the Stiga SB 26THs trimmer met the requirements
to have the shaft in both ends and was at a faie pange. The trimmer was dismounted

and the only thing we needed was the motor

5.4 Encoder

An encoder can serve as a measuring sensor fay not@ation, angular velocity and also
for linear motion, when used in conjunction withahanical measuring standards such as

lead screws. (12)
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An encoder can be of two types, incremental or laibsoAn incremental encoder is a type

of sensor that is often installed on an electridanand used to provide feedback on the
motor's speed. Absolute encoders on the other Aendsed to indicate an exact position

for some kind of motion. The two encoders that Wwél on both sides of the soft coupling

are incremental encoders, because we want to neetfiseirspeed. There also has to be a
hollow through encoder, which can be mounted anya/be the shaft and not only at the

end of the shaft. (13)

5.4.1 Encoder selection

After some searching there were two encoders teat wuitable, i.e. Leine & Linde RHI
503 57 and Heidenhain ERN 430. Both are incrememtt#ry encoders with hollow
through shaft and there were no big differencew/éen these two. Because of the simple
installing and mounting, the Heidenhain ERN 430 alassen.

Figure 8. Heidenhein ERN 430 encod&4)

Heidenhain ERN 430, which you can see in the pectlvove, is a rotary encoder with

integral bearings and stator mounted couplingspdtrates by photoelectric scanning. (14)

It is an incremental hollow through shaft encoded &Aas an incremental rotary encoder.
The current position is determined by starting dage and counting measuring steps, or by
subdividing and counting signal periods. Incremestecoders from Heidenhain feature
reference marks, which must be scanned after switdio re-establish the date. (14)

In figure 9 you can see how the encoder works. ilbeemental signals are transmitted as
the square-wave pulse traing;ldnd Uy, phase shifted by 90° elect. The reference mark
signal consists of one or more reference pulsgs dated with the incremental signals.
These signals will be sent to an equipment thastedes the signals into RPM. (15)
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Figure 9. The ERN 430 square-wave signdls)

5.5 Couplings

To get a functional mini genset and to meet thaiirements, there is a need for three
couplings. One coupling that connects the trimmetamto the shaft and one coupling that
connects the electrical motor to the shaft. Thesedouplings need to be torsionally stiff
and the couplings should have ability for radiatl aaxial movements. This is needed
because the shaft of the mini genset will not béepealigned with every components and
there will probably be some radial and axial movetseThe last coupling will be different
than the other two, this will be in the middle detmini genset and it will be a flexible

coupling. But this coupling also needs flexibilityany direction.

5.5.1 Torsional stiff coupling

There are many different coupling types. After samsearch and after recommendation
by the electric motor manufacturer there were twessgble ones, both were from KTR.
One is the ROTEX GS (figure 10) and the other iOTGLEX (figure 11).
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Figure 10. KTR ROTEX GS coupligo) Figure 11. KTR TOOLFLEX coupling6)

They are both backlash free couplings and they l@aeempact design and are easy to
assemble. With the ROTEX GS you can adjust the dagnihrough different elastomer
hardness of the spiders. The spider is the onegtratd in figure 10The TOOLFLEX is
suitable if higher torsional stiffness is requirdte ROTEX GS has less torsional stiffness.
17)

Due to the high stiffness of the TOOLFLEX the torsiangle is very low under torque.
However, contrary to the ROTEX GS a damping ofitoral vibrations is not possible. So
KTR TOOLFLEX M coupling was preferred over ROTEX @8upling. There was also a
KTR TOOLFLEX S design, but the KTR TOOLFLEX M desigvas more flexible than
the S design and so the KTR TOOLFLEX M designs wbaiesen. (17)

TOOLFLEX is a metal bellow-type coupling. The mekadllow compensates for axial,
radial and angular displacements. At the same timmgeometric shape allows for high
torsional stiffness and a low mass moment of iaerfihe shaft hub connection is a

clamping hub that is easy assembly by a radial giagnscrew. (16)

5.5.2 Torsional soft coupling

The centaflex-A coupling from Centa is a highlyxilde coupling. The coupling has high
elasticity and considerable flexibility in any diten (radial, axial, angular) with low
counter forces on shafts and bearings. The shaftaad therefore have to be aligned
accurately. The choice felt on the centaflex A dmgpbecause it was the softest coupling

from Centa and Centa is also already used as diasupp Wartsila. See the table in
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appendix 3 where the stiffness and damping of #drgaflex-A coupling can be seen. The

size of the centaflex is 12 mm. (18)

Figure 12. The Centaflex A coupling mounted atstnat

6 Assembly

6.1 Design of brackets

The brackets to trimmer motor, couplings, beariagd the base frame were designed by
myself and manufactured at a local company. Theidgs were made in AutoCAD. The
brackets will carry the encoders, the trimmer manod the bearings so it will be at the
same height as the electrical motor shaft. Thiseisause the electrical motor already has
feet to stand on, which will come against the Hesm@e bracket. The brackets to the other
components were proceeding from the shaft of thetetal motor and the shaft is 71 mm

above motor foot level.

6.1.1 Trimmer motor bracket

To get the trimmer motor steady one bracket on esagé of the trimmer motor was
needed. There were already screw holes on the gmmmoator so the brackets needed to be
designed after that. The material of the trimmetanbracket was an L-profile 150x50x5.
This was because the L-profile fits well and icieeaper and demands less work than other
methods. The height of the trimmer bracket was rh&® high and the width of it was 155

mm. The foot of the trimmer bracket will be 45 mond) and there were two holes in it.
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A problem occurred with the trimmer motor brackdien the base frame was designed.
The hole in the middle where the shaft will comeotigh was not centred. So when the
base frame was designed, one of the sides onitmaér bracket didn’t fit inside the base

frame. The solution was to cut off the part thadusside the base frame bracket, but higher
up there was a hole for a screw and this hole reaalee there. As you can see in figure
13, the foot and some part of the side were cuboffthe screw hole was there. The hole

needs to be there because it will help the trimmetor to remain stable at that side.

Figure 13. Trimmer motor and brackets mounted toget

6.1.2 Encoder brackets

As there are two encoders there will also haveettwm encoder brackets. These encoder
brackets will not have the same design, becausesthierement of one encoder was that it
should be possible to regulate static twist by ihgrthe encoder during run. There must
also be a mechanical indicator on that encoderkbtaand the twist angle has to be +/-

15°. The bearings also need to be included in botoder brackets.

The encoder bracket that does not need to be ternsljormed as a rectangle and the
thickness is 20 mm. It was made of aluminium andas fastened to the base frame by
two screw holes underneatfhe hole in the middle was made for the bearirdjtars hole
needs to have the tolerance K7, so that the beaiilhghatch the hole perfect and stay in

the right place.
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Figure 14. Static encoder mounted on the base frame

The second encoder bracket, which was the adjestaid, has a rectangle form with a half
circle above (see appendix 7). The reason wadlikeat will be a mechanical indicator at
the top of the bracket. Three holes have been aidedler to fasten the second part that
was needed for this bracket. That part is a roumteowvith a handle made of aluminium. It
is designed so that there is a possibility to thenencoder +/- 15°. To make it possible to
turn the encoder, the second part (the one thauisd and where the encoder is fastened)
will be fastened by three screws that have a rybbetng against the rounded bracket
with handle (see figure 15Vhen the o-ring is there, you can turn the encodeing run
and you don’t need to adjust the screw when you teanrn the encoder. The tolerance of
the bearing hole is K7 and the thickness of thésgagether is 25 mm.
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Figure 15. The adjustable encoder bracket with eeco

The choice of aluminium is because it is easieprimcess and it is lighter than steel.

Figure 16. Adjustable encoder bracket with mecharindicator

6.1.3 Bearing

To make it possible to have a bearing in the encbibekets it must be a bearing that can
take radial and axial loads acting in both wayse Hearings needed for the encoder

brackets are double row angular bearings.
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A single angular contact ball bearing has racewaythe inner and outer rings that are
displaced with respect to each other in the dioectf the bearing axis. This means that
they are designed to accommodate combined loadssimultaneously acting radial and
axial loads. Meanwhile the double row angular conball bearings correspond in design
to two single row angular contact ball bearingg,they take up less axial space. They can
accommodate radial loads as well as axial loadsgah both directions. They provide

stiff bearing arrangements and are able to accomtaddting moments. (19)

The choice felt on a bearing from SKF. The typ&kd& 3201 A-2RS1TN9/MT33. This is
a double row angular contact bearing with seal othlsides. This bearing makes it

possible to fit the bearing into the encoder bracke

Figure 17. Double row angular contact beari(ip)

6.1.4 Base frame

The base frame was designed so that it consistsvelded U-profile 30x30x3 mm and the
material was steel. It was designed like a rectmguith two long u-profiles on the side
and a small one at the end and inside. There sasaadteel plate, welded across where the
electrical motor was. This is because the eleatator’s feet are bigger than 30 mm and

with the steel plate there the electrical motot @ more stable.

The U-profiles in the middle are measured and desigso that the brackets will come in
the right place. It is also possible to switch pRon the two encoders. For further

information about the dimension see appendices610-1

The length of the base frame is 854 mm and thelwsd140 mm. The weight of the whole
base frame is approximately 3,8 kg.
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The reason for choosing the U-profile was becausedasy to build, the U-profile needs
to be sawed to get the right dimension and thendifferent parts need to be welded
together. With the U-profile design the base framkk be stable for the weight of the

electrical motor and the bracket. The base frantlenai be bent so easily.

Figure 18. All parts mounted together on the baameé.

6.1.5 Control board

The mini genset also has a console from whichntlma operated. On the console there is
an emergency button and a start/stop button. Tiseakso a button to adjust the speed and
also the direction of the electrical motor (forwaederse) with. The display on the console
shows the RPM of the electrical motor.

Start/stop | Forward/re | j

verse

Display |

Figure 19. Control board
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7 Testrun

The first run was made to check that everythingkedrand to see if there were some
problems. The test run was successfully done withmblems.

When the measuring test runs were performed, tlpliom that connects the trimmer
motor with the shaft broke down. There was too mensalignment. When the coupling

had been exchanged, the measurement test rourdi @mtinue.

In figure 20 you can see the maximum movementansversal direction and in figure 21
you can see thmaximal movement with combined vertical and transgealirection. The

magnification in these pictures is 25000.
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Figure 20. Mode 1: Transversal mode.
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Figure 22 is an example of what a vibration spestftom the mini genset looks like. The

levels from the vibration spectrum measuremengateast as high as expected.
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Figure 22. Vibration spectrum
No really clear natural frequency can be seengaréis 23, 24 and 25. But there is a

possible natural frequency at the vertical wategahpproximately 43 Hz. The 50 Hz peak

in all three pictures is a disturbance from theteleity network.

Welocity (mm,s)

Angular velocity (RPM)

Frequency (Hz)

Figure 23. Waterfall spectra longitudinal
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8 Conclusion

This Bachelor’s thesis work was interesting to dd & has been very educational. | have
learned to use AutoCAD and | have learned abouttitns. It took me quite long to draw
the drawings because | had not used AutoCAD mutdrde

There weren’t any bigger problems during my workhwthe mini genset. One problem
was that the surface of the base frame where timpaoents were fastened was not flat. It
had a small angle because of the U-profile. Sonmtbeholes on the base frame needed to
be adjusted a little. This may be the cause ofntisaligned coupling that connects the
trimmer motor with the shaft, which was broken. Weew about the misalignment but

wanted to test how it would work and the resuthet the misalignment was too big.

Things that can be made to improve the mini gemsrild be to make some kind of
protection for hands and fingers, e.g. a hard lllexplastic around the mini genset. A
possibility to change the level of the dynamic tvlig changing load of the trimmer motor
could also be considered. It would also be goothvestigate if is possible to create a
closed lubrication system for the trimmer motor.wNthere is no closed lubrication
system. The mini genset will also be painted irearruture.

The test run showed that there are vibrations, visagood. The levels of the vibrations
were expected. This means that the mini gensetwoitk fine as a demonstration machine

and as a vibration testing machine.

| would like to thank Mr. Jari Maatta and Mr. Uls@nan for the test measurements. | also
wish to thank Mr. Peter Sundstrom, Mr. Pasi Kalaanad all the other people involved,
including my supervisor Mr. Roger Nylund at Noviar ftheir help to make this work

possible. Finally | want to give a special thanbMno Matias Palmujoki for all support and

help that he gave me.

Figure 26. Picture of the mini genset.
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