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Paattotyon aiheena oli tutkia generaattorikaapelniasennusratkaisuja voimalai-
toksissa. Kaapeloinnille ja tuennalle ei ole olemassadatdiratkaisua, vaan
asennukset ovat toteutettu paasaantoisesti urakoitaijasennusvalvojan kyky-
jen ja kokemusten pohjalta. Asennusmateriaalit on haniieensa paikallisesti
tai pahimmassa tapauksessa lahetetty jalkikateen Suomdsfasynnyttaa turhia
lisdkustannuksia projektille. Tasta syysta tarkoitukseméuottaa standardiratkai-
su, jota hyvaksi kayttden suunnittelijat ja urakoitgjgstyvat toteuttamaan asen-
nuksen luotettavasti ja kustannustehokkaasti.

Paattotydssa tutkittiin vuosien varrella syntyneittkkasumalleja, saadaksemme
selville onnistuneet ja epaonnistuneet ratkaisut. Ty@den selvitettiin kaikki
generaattorikaapelointiin vaadittavat tiedot jatééayon ominaisuudet, joita kay-
tettiin hyvaksi standardiratkaisun suunnittelussa. Tidaoéttin Wartsilan insi-
nooreiltda ja asennusvalvojilta, jotka omaavat vahvéytdonon kokemuksen
suunnittelusta ja kohteen asennustavoista.

Kerattyjen tietojen pohjalta toteutettiin generaatt kaapeloinnille ja tuennalle
standardiratkaisu, josta valmistettiin periaatepiirrasugtuksesta saadaan selvil-
le kaikki tarvittavat tiedot asennuksen suunnittelugédepullista asennustyota
varten. Ratkaisu toteutettiin ensisijaisesti Wartsila 48Vmoottorille, jossa kay-
tetddan ABB:n valmistamaa AMG1600- generaattorimalliattansita tullaan
mydhemmassé vaiheessa kayttamaan kaikilla Wartsilan kajétageneraattori-
malleilla, kunhan varmistumme sen kaytadnnén toimivuudedttandardiratkaisu
vahentaa suunnitteluun kaytettavaa aikaa, nopeasanustoita ja ennen kaikkea
se pienentaa ylimaaraisia materiaali- ja kuljetuskustiesia.

Avainsanat: generaattori, kustannustehokkuus, stasdartl
Wartsila
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The objective of this thesis was to research solutiongédnerator cable installa-
tion in the power plants from the view point of stamization. There is no stan-
dard solution available for cable installation andpswpng to the generator, so
the installations are usually made according to théractor's or the supervisor's
own experience. Installation materials are usually segpbcally or in the worst

case, sent afterwards from Finland, which increase @ssacy additional costs
for the project. For that reason the purpose wasddyce a standard solution,
utilizing which the designers and contractors are &blexecute the installation
reliably and cost effectively.

In this thesis the variation in cable installationstlod generator was studied,
which helped us to find out the successful and unsuct¢essiiions. All needed

information and practical aspects for the generatblirgawere defined and used
in the designing of the standard solution. Informati@s collected from the dif-

ferent project groups and specialists in Wartsila anch fpersons who have a
strong practical experience in designing and expeei@mthe installation methods
of the subject.

From the collected information and details a standaidtion was produced for
the generator cables installation and supporting. Algwinciple drawing of the
solution was manufactured, in which all needed detah be found for helping
design and the final installation work. The solutisas produced primarily for
the Wartsila 18V46 engine with the AMG1600 generéype produced by ABB,
but after we can be sure of the practical functibpait will be used for all gen-
erator models used in the power plant projects in $NartThe standard solution
will decrease the time used in designing, make instatlavorks faster and first
of all, decrease the additional material- and traritafion costs.

Keywords: generator, cost efficiency, standardirativartsila



USED TERMS AND ABBREVIATIONS

18Vv46 Wartsila 46-engine with 18 cylinders

EPC Engineering, procurement and construction
EEQ Engineered equipment delivery

EMO Engineering management office

EG-set Engine generator set

MV Medium voltage

XLPE/PEX  Cross-linked Polyethylene
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1 INTRODUCTION

During the last decades Wartsila has established itsigosit the power plant
technology. Power plants with numerous out-puts arggdediand produced by
Wartsila. There are two main power plant project sy@ePC (Engineering, pro-
curement and construction) and EEQ (Engineered Equipbelivery). Design-
ing and diagram drawing are outsourced to Citec QysanCitec shares the re-
sponsibility of maintaining high quality designing ioaperation with Wartsila.

When designing a power plant, many aspects and matterdomtesten into con-
sideration and that is why designing is so time consunidegigners can utilize
methods used in the earlier projects because the pasape basically the same
in every power plant project. Utilizing earlier jgots in designing speeds up the
process and leaves time for possible modifications. Threra éew factors caus-
ing that some modifications to the designs are needegaiver output, fuel used
and location of the power plant are three worth meitg. The risk in utilizing
designs from earlier projects is that some components freraahier design that
IS not needed in the new design can be includedeimdsign by mistake and can

cause that the whole design needs to be redone frobegfirening.

To avoid unnecessary designing work and develop degjgsfi the power plant
has Wartsila founded a work group that is in chargéesigning. Engineering
Management Office (EMO) is in control of designingying its focus on how the
installation of generator cables and supporting cteldtandardized. This thesis
can prevent false designing and create useful stamldavdngs which designers,

sales-and site personnel are able to utilize in thedu



1.1 Objective

The objective of this thesis is to make designing wéekrer and to develop the
quality by standardization. EMO work group had dedidheir next development
target which relates to generator installations ingroplant projects. There is no
standard way of supporting and installing the cablethé@ogenerator. In the de-
sign, the supports are not always considered and theiahébe supports is usu-
ally not sent to the site so the installations are llysoeade according to the site

electrician’s own experience out of left-over matdr@n other disciplines.

The purpose of this thesis is to develop a standardi@oltdgr Wartsila 18vV46
engine, installation and supporting of generatoresbhd to design and produce
principle drawings of the solution that can be used pilot project. When en-
sured that the solution is working, the standard smiutan be used with another
generator modelslhe final standardization drawings are left out frdra scope

of the thesis.

There is a standard solution available for ABB's W4egators, but the model of
the generator and the manufacturer are chosen diegeon the type of the engine
needed and the availability of the generator wantédk is why the layout of the

design and the style of installation vary accordingaoh and every project.
1.2 Research Plan

The research begins by analyzing some previous pr@adtshe variation in ca-
ble installations of the generator. Information wadlected from the different
project groups and specialists in Wartsila and from persarking in the project

on site who are responsible for the practical exesuifdhe project.

We studied solutions that are found technically ardtprally good. A few of the
best solutions found are further developed and thetrebynost reliable, safe and

cost-efficient solution for the cable installationgtué generator can be achieved.
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2 INTRODUCTION OF THE COMPANY

2.1 Wartsila Oyj

Wartsila is one of the leading companies that supply tetepfecycle power so-
lutions for the marine and energy markets. By beimfrielogically innovative
Wartsila is able to design, for example, power plards &ne less harmful for the
environment and economical for its customer. Wartsild’ateggic aim is to
strengthen its leading position in its markets and torensontinued growth by
offering customers the best lifecycle efficiency ankbbdity available. This is
made possible by an integrated equipment and servitielpothat matches cus-
tomers’ needs worldwide. Wartsila's main business consisthiree divisions,

which are Service, Ship Power and Power Plantsu(€idy) /6/

Wartsila has more than 17,500 employees its 160 locatof® countries and net
sales totalled are EUR 4,6 billion (in 2010). Wartsddisted on the NASDAQ
OMX Helsinki, Finland. /8/

Figure 1. Main operations of Wartsila Corporation /6/
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2.2 Wartsila's Values

Wartsila's values are the basis for how the staff shtaldela stand to do the job
to reach the best results. Values (energy, excell@mdexcitement) have

been described in the continuous circle. (Figurg2)

Capture opportunities and
make things happen

Do things bett
o ings er

than anyone else

- . in our industry
\‘"\-\
|..'." ‘I“I
| Excellence | |
'-_fn o |--
L

Foster openness,
respect and trust to
create excitement

Figure 2. Wartsila's values /6/

2.3 Services

Wartsila focuses on optimising the efficiency and penfomce of their installa-
tions throughout their life cycle. Wartsila providé® twidest selection and best
possible services for ship power and power plants. Cussoraerrely on compe-

tent and environmental friendly service that is avd@dor all customers. /6/



12

2.4  Ship Power

Wartsila is a forthrunner in ship power solutions, sashship design, engines,
equipment, automation and power distribution systems.dBggproviding ship

power solutions, Wartsila also offers sealing solutionstlie marine industry.

The customers are leading companies within different eatgnsuch as cruise
and ferry. /6/

2.5 Power Plants

Wartsila is a leader on the centralised power gemeratiarket in supplying flexi-

ble power plants. Besides offering solutions for oil gad industry, Wartsila fo-

cuses on power generation, industrial self-generatioihgaid stability and peak-

ing. By providing distributed and environmentallyefrdly energy solutions Waért-
sila leads global transition to more sustainable usageeigy. There are two
main power plant project types, EPC (Engineer, Peamd Construct) and EEQ
(Engineered Equipment Delivery). /6/

2.6 Engineering Management Office

The objective of EMO is to lead and manage the cust@wmletion engineering
process including partnerships with engineering compairiike initial focus for
EMO is to maintain, administrate and develop value ddagineering activities
and related information in order to reduce projewireeering time while safe-
guarding quality. The vision is to release projewireering resources for product
care activities, i.e. life cycle management, in ortteimprove re-use of pre-
engineered and functionally optimized products. EMiD lbe the collaboration
channel and introduce better practices that bebeth project management and
full service engineering providers. /9/
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3 STANDARDIZATION

Standardization is an activity that directs towardsoanplishing standards. First
actions are choosing the target, establishing a staratrdensuring the assent.
After the first actions comes affirming the standardnmting the introduction,

following up of the standard and transmitting the nesx feedback to the product

process.

The purpose of standardization is to reduce the viaekedifferences of the prod-
ucts considered both from the technical and mercanglgpoint, find concept of

definitions and ways of expression common to all and dimpropriate procedures
that meet up with all the requirements in different@esc Standardization is not
to limit possibilities, but to increase them. Standattradefines the terms of the

adaptability of the different parts and parts adafitalto the whole complex. /4/

According to the SFS 3539 standard, "The standardiigersally available tech-
nical specification or other document, which is draynin cooperation with all
parties involved in the general approval. The stah@@based on the established
science, technology and experience to help withrékalts advanced, and idea is
to take the most advantage of society. Standard istedloytionally, regionally

or by internationally recognized organ.” /4/

The aim of the standardization is to reach goals bseasing safety, improving
the economical aspects of the operation, facilitatiegfinding of a suitable solu-

tion and rationalizing the functioning.
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Standards can be divided as follow:

» Basic Standard which deals with such components as measurement
units, concepts, symbols and signs

* Method Standards which deals with measuring, testing and analysis, de-
livery terms and methods of work

* Product Standards which deals, for example, with dimensioning of

products, assortments such as quality, composition, striaridreafety

Standardization benefits can be considered from margctsgrom international
aspect, national aspect, industrial aspect, compangwrdconsumer aspects. On
company level standardization serves special needs f emmpany. Consumers

are able to trust on the quality of the standardpreducts.

Standardization provides saving in costs, but causes oodtse preparation
phase. On one hand, it is very difficult to predin¢ &accurate sum that can be
saved by standardization, because a standardized spacet always be com-
pared with the state it was before standardizationth®rother hand, the benefits
gained by basic standards (symbols, terms and definitiorjscannot be meas-
ured in monetary terms. Such significant benefits arerpersonal interaction,

mutual understanding and saving time. /4/
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Standardization and standards can be exploited asvill

» To systematically develop the company's operation avdijot
* To limit the range of component

* To improve customer service

* To receive marketing information

* To speed up the process of production

* To improve modification of product

* To improve the quality level

* To give the qualified specifications to acquisition

* To improve the profitability of a company

e To make the company well-known

The basic condition for a company to be able to dpesathat it has a clear busi-
ness idea and a growth strategy based on that. A lmlesamess, to be working,
idea needs an internal operation system that is bassthodard. Business stan-
dards have an essential role when setting targets fdrot®systems. Standards
have to be easy to change flexibly and target-tetiyp according to growth
strategies. By using internal standards productivity motivation of the workers
can be significantly improved. Business standards haftem@amental task in

function accomplishment of operation system. /4/

Productivity and motivation of the workers can bendigantly improved by in-
ternal standards. Standardization of repeated oprrabsolves human resources
out of routine tasks, leaving more time for designind enplementation of the
unfinished works, which naturally increases the mativatf the workers.

Internal standards must not be too detailed, so thiaitest can be developed.

The number of standards cannot be an end in itselie mmgortant is the quality
and productivity. Internal standards can also redoeatimber of misunderstand-

ings, when everyone has the same written instructions.
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To develop standards on the company level is time-congyiout when the per-
sons involved in developing the standards complete Wik, they are a good

resource to improve the usage of standards in the comfgany

Specification

Interoperability

Figure 3. The Standardization Waterfall Model
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4 GENERATOR

The purpose of the generator is to convert mechaaiwalgy into electrical en-

ergy. Power plant generators that produce currentthe national power-

distribution network are alternators. An alternasothe most adjustable generator
type at the moment. Power plant generators are usspalighronous generators
because they can be made to produce exactly thedlé=gigeiency of the alternat-

ing current by adjusting the revolution of machiriéat is because the whole na-
tional power-distribution network works everywherghithe same frequency and
if a different frequency of current is supplied t@ thetwork, phase differences
could cause short circuits and electrical equipmehir&aiThat is the reason why
all the power plant generators, which are planoestdrt-up or being stopped, are
synchronized to operate exactly on the same phasatdhd same frequency with

the rest of the network, before the generators araamed to the national power-

distribution network.

Figure 4.Wartsila generators are 3-phase synchronousmeac



18

The operation of a synchronous machine is based omtim@action of the two

main windings:

+ Stator winding
+ Rotor (field) winding

Figure 5. Generator windings

When the mechanical torque rotates the rotor ankelse, the directions of the

current with resistive load are according the fighirés/

Rotation is based on the pulling and pushing forcewdsst the two magnetic
fields — stator and rotor. The same poles (S-S) remkddferent poles (N-S) at-

tracteach other, which enforce electrical torque.

The rotor (field) is rotating with the same speed assthtor field i.e in synchro-

nism that is called synchronous machine.
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5 TECHNOLOGY RELATED TO THE GENERATOR SYS-
TEM

5.1 The Choosing of the Generator

There are two types of 50 Hz generators availabléMértsila 18V46 engines,
rated voltages are 11 kV and 15 kV. Generators fargp@lants are purchased
from the supplier who is able to provide the bestegend quality ratio and short-
est time of delivery. Two generator suppliers worth moamg are ABB and
AVK.

Electro-technically speaking, 11 kV and 15 kV getwmsadiffer mainly with re-
spect to short-circuit reactance, rated voltage ateldrcurrent section. When
comparing electro technical features of generatoranddl kV to 15 kV we can
find out that the chosen generator type has a stgnifiimpact on the sizingf

cables and switchgear on phase currents and short gects.

The price of 15 kV generator is approximately 10-1ugher than 11 kV and this
is assumed to be the biggest reason why 11 kV genemtsften used in the
power plant projects. The choice of the generati@ctd also the voltage level of
the customer’s distribution network, which will beaatted to the power plant

network system, or some other customer need. /1/

5.2  Technical Details of the Medium Voltage Cables

XLPE-insulated single conductor cables are the most catynsed medium-
voltage cables at the power plants. In Finland XLf¥Hation is known as PEX-
insulation which is the most popular insulation matarighe medium- and high
voltage networks, because of its features. XLPE-insematas a low dielectric
loss, it is mechanically durable and it has no actudtimgepoint temperature.
Therefore, XLPE-cables can be loaded with highemeris than the PVC-

insulations.
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Short-circuit- and overload endurances are alsorbettehe XLPE-insulated ob-
jects. Conductor material is copper and the most cortynased cable cross-
section areas are 185fin240 mnf, 300 mn3, 400 mni and 500 mrh The rated
voltages of cables are 12 kV and 20 kV. There arerakwable suppliers and the
cables are usually bought from the cheapest suppliédablea closely consider-
ing also the time of delivery individually for eachoject. Cable prices are con-
stantly changing according to the price changes ppen so buyers need to be
constantly alert and aware of the changes. On oné, lmaterial costs for 12 kV
rated voltage cables are lower than those of 20bd@¢ause its thinner insulate
structure. On the other hand, by using a higher geltavel the number of cables
per phase can be reduced or the cables cross-sem®can be minimized. By
increasing the voltage level and by so reducing thieent inside the cables, sig-

nificant cost savings can be achieved.

Necessary input data for sizing the generator cabéetha short-circuit endurance

of the medium voltage switchgear, generator ratedagelt generator output

power and generator power factor. After the inpatachas been defined, the next
phase is to choose the style of the cable installalibare are three different al-

ternatives for its implementation, on ladder in free @n ladder in trench or un-

derground in conduit. In the case where power pkadesigned on land, genera-
tor cables are always without exception installedengiebund in conduits. There

are also a several considerable aspects which neediaéereinto the considera-

tion, such as other similar cables on the same roudgndie between the con-
duits, the length of the cables, the temperatureefitbund and the composition

of the soil. /2/
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Below is an example picture of the Cable Calculatdtware, with which all the
medium voltage and the low voltage cables of theeptafre measured and de-

signed by Citec Engineering Oy.

||~ Data from Garse Technical Data -manual - ‘

* Cables in conduits ©° Cables directly underground |
" Main page | Caleulation steps | Comments
TECHNICAL INFORMATION ] |
T Y T U D ———— J 3x3x{1%500), Coppear, In conduits
CORRECTION FACTORS
b1 - cable laid in pipe, embedded in concrete or buried. = S A aits |
e p— - | o T S et |
REFERENCE CURRENT - CARRYING CAPACITY Ambient temperature | 056 | 25 7] R 13 =l
single-phase | throe-phase Sheanl ety | 593 12 ix
i Lalumn o Tos ! 4 " 516 A
H ki ki Ampacity 8io A
PG G . k2 | 0.7 Reduced 4143 A
I XLPE A B o | e Current/ 3734 &
H Copper ; page 6 inium : page 7 conaucter
Total correction factor | 0.5115 Temperature 78 °C
¢ - cables faid in contiguous pipes, in one or several layers, embedded in concrete or buried. L 1]

Reference cument-camying capacilies ars those defined In paragraph bl bearing the cosflicient 0.8 Pipes bieing

configuous. a K coetficient will be appliex to those current-carmying capacities in accordance with the fable below - ol
fiumber of pipes in horizontai position
k2
1 2 3 4 ] 6
c 1 1 | 087 0.72 | 0.68 | 0.65
ﬁ § 2 0.87 | 071 | 0.62 | 0.52 | 0.53 | 0.50
af | 3 | 077|062 053|048 |045 042
o el s Vosl lbesd) Pl posuidll it
=B 4 | 072 057 | 048 | 0.44 | 0.40 | 0.38 [
E g 5 | 0.68 | 053 |0.45 | 0.40 | 037 | 035 m@
= 6 | 0.65 050 042 | 0.38 | 035 |0.32

€2 - cables laid in spaced pipes, embedded in concrete or buried.
Reference cumenl-camying capaciies are those defined in paragraph bl bearing Ihe coefficiert 0.8
A K coefficient will be applied to those current-camying capacaties in accordance with ihe table taiow.

\3 & Distance between pipos
NS - 025 m 050m 10m
N

|o.83] 0.85 0.97 |
0.87 091 0.95 5

s 2

5y | 2 L4
N & N E§§ ; g‘.:: $ :::;; @ = Examined drcuit I
%\k g E\‘:\\ ‘\\&\ g ;S ) : L) o e C—:) = Adiacent circuit "'5ug'gest Qze’l «.Previous ‘ Next.. I i"

Figure 6. Cable Calculator software
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6 RESEARCH WORK

The research work was started the collecting informaftiom old projects, pro-
ject groups and other engineers who have been imdatvehe construction of the
power plants. Information was collected from thosequtsj of which the devel-
opment team had received the most positive feedback ét®wenerator cable
installations over the years. From the received inftionave chose a few solu-
tions which we believe are the best and took therfuftiner development.

6.1 Considerable Aspects

When planning alternative solutions we had to take account that all the instal-
lation materials and equipment which we were goingsi® in our standard solu-
tion, needed to be already familiar to project/desgpms and been used in the
previous projects. This way it can be made sure thaighematerial is delivered

on time.

The main facts of the installation to consider werelecaonduits, MV-cables
supporting and fastening, cable glands to the generabde outlet and cable pro-
tection from external damages. Also, the most optimakréur control cables to

the generator control box had to be determined.

In this case, because the standard solution was mebatrtade compatible with
all generator models Wartsila has been using in thiejegts, all the cabling sup-
port structures planned to be fastened to the ofige@erator structure were left
out off the design. Only an EG-set common frame candeel for fastening ex-
ternal supports. The fastening, of the external sup@hould be done by bolting
and welding should be avoided. This is how potentadtacal failure in the in-

ternal control system of the engine, caused by weldinmrents, can be avoided.
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As mentioned earlier, the standard solution was desigmeedarily for ABB
AMG 1600 generator model, but in designing we hatke into account also the
other generator models and manufacturer's suitabditihé solution and cost-

efficiency of the possible structural changes that ai¢ethe made.
6.1.1 MV-Cables Supporting

The main thing is that upper part of the EG-set willergo larger movements
than parts on the floor level so it will be a veryaal issue where the cable con-
nections are. During start / stop of the Wartsila 18¥Agine the measured side
to side movement is +/- 6 cm at the top level of theegaor./3/

An important matter in cable supporting is how to execthe fastening of the ca-
bles on the ladder. This is to ensure that the cahtesims on the ladder, for ex-
ample, in a short-circuit situation. Because the lotige distances between

the cable attachment points, the higher are the shiouit force impacts on the
cables. (Figure 7)

Because the generator cables come up very close twthdors where there will
be traffic when the power plantis running or durmgintenance, so we had to
get the cabling also protected from all external dasaghe protection cover of

cabling is also a major fact of appearance.



Figure 7. ABB Standard cable support for W46
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In some generator models, the phase cable comes dw oftter side of the gen-
erator terminal than the neutral point cable. Irs¢hemodels neutral point cable is

forced to be brought up from the other side of therfthan the phase cables.

Figure 8. Neutral point cable
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6.1.2 Generator Cable Outlet

The penetrations are designed to seal the cablet amieto function as a cable
clamp. The penetrations must also be able to keepatiiescin place during the
possible short-circuit situation. The cables need tddoeight vertically to the

penetrations to minimize the stress directed towardpahetrations and the cable

terminals when the engine is running.

Standard generators have an aluminium plate attaoltbe generator cable out-
let. This cable outlet plate is used for installatibrcable glands. Unless other-
wise agreed the cable outlet is be provided witht®oky/pe cable glands.

Figure 9. Roxtec type cable glands in ABB AMG16@berator
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6.1.3 Cable Conduits

The EG-set foundation is considerable heavily builheeds much more wider
concrete reinforcement and it goes much deeper tiearest of the floor area. At
the moment, the conduits are brought up almost exclysix@h inside the EG-

set foundation and thus change the original struaithe foundation. Problems
emerge when laying the engine foundation. Cable withdhould be lined up be-
cause the building workers do not use any tools togs#telconduits to the right
position when making the foundation. It is very impottto install the conduits
into the designed place on the floor. (Figure 10)

One important aspect to consider is the impact of eaattes on the floor struc-
ture. In earthquake areas cable conduits cannot wardecircumstances be in-
stalled so that they pass through the joint betwegmenrand floor foundation.
The movements of the EG-set can be very remarkablaglan earthquake (of
course depending on the intensity of the earthqudke$.can cause serious dam-

ages to the conduits and the cables inside them.

Figure 10. Cable conduits
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6.1.4 Control Cables

The location of the generator control box variggesteling on the model of the
generator. The control box is either on the sidatathe end of the generator. A
crucial aspect to consider when planning the plaoiripe ladders was the vibra-
tion between the EG-set and the floor when the enginrunning. Possible elec-
tromagnetic disturbances from the MV cables to therobmiables needs to be

considered, if they are installed too close to eabhrot

Figure 11. Generator control box in ABB AMG1600 geator
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6.1.5 Other Generator Models

In the research work also comments on two other gemeraidels were also in-
cluded which are used inthe power plant projectee was manufactured by
ABB and the other one by AVK. Some minor structural ifications to those

previously mentioned generator need to be done mtex btage to make them
more compatible with the standard solution. The impleatiem of these modifi-

cations is left out from the scope of this thesis, thaegkarching the background
information of the modifications were included in ttheesis process. Below the

problem spots in which modifications must be made are shown.

The problem in the ABB AMG1120 generator type istMhé-cable outlet and the

way the cables come into the terminal. At the mometegaenetrations are lo-

cated on the side of the generator and the cables tw@refrom below. (Figure
12)

Figure 12. Cable outlet in ABB AMG1120 generator
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In the AVK DIG167 generator type the problem is thstallation angle of the
MV-cables to the generator outlet. Problems emergeuleaaf too tight installa-
tion angle to the cable terminal, when using largenditer (500mf) MV-cables.
For that reason, some modifications to the cable ocatéeheeded and extra spe-
cial joint pieces to the cable terminals have to daed, which makes the cable
lug junction to the terminal reliable and does natseatoo much stress on them.
(Figure 13)

Figure 13. AVK DIG 167 generator
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7 SOLUTIONS OF THE STANDARDIZATION

7.1 Layout of the Generator Cables Installation and Suppaing

Based on our research work, we created an exampleastiaichwing of the gen-
erator cable installations (Figure 14). In this dolutwe aspire to take into con-
sideration all the installation requirements showed ebag well protecting ca-
bles from external damages. In addition, we paichatie to the general appear-
ance of the installation, because the generatorsnaraortant appearance factor

in the power house. Below the most central detaile@&blution are shown.
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Figure 14. Design drawing of the generator cablallaions
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7.1.1 MV-Cables Supporting

One of the most important details in the solution wasMNecable supporting,
which is intended to prevent the stress to cabletatiants and penetrations be-
cause of the generator movements. In this solutionMiieeable support struc-
ture is composed of two different parts. The lower mafixed to the floor sup-
ports and its purpose is to support the cables aftercibveye up from conduit. Af-
ter the fixed ladder part is placed hinged movable, pvhich is intended to move
freely according to engine side to side movementsensthrt/stop situation, see
also a note in appendix 1. To fasten the cables ofatiteer we are using KOZ-
cable mounting clamps, specially designed for fastetiagables. They will give
strong and reliable enough fastening. For choosingghé clamp type previously
designed specific drawing of the mounting clamps is (&pgendix 2). As selec-
tion criteria in the drawing cable diameter andrihenber of cables per phase are
used. In the drawing the required maximum distancegtween the clamps rows

are shown, to get enough reliable installation. (FadLb)
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Figure 15. MV-Cables supporting
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7.1.2 Cable Conduits

Cable conduits were moved outside engine foundaticause it is easier to in-
stall conduits while casting the floor. The idea rstfto cast the engine founda-
tions and then to bring the conduits next to the sidthe foundation. Then the
conduits are fastened to their right position with apsd bands, which are easy
to anchor to the side of the foundation. After thesave able to cast the rest of the
floor area between the engine foundations and becdube anchoring conduits

maintain their places. (Figure 16)

CABLE CONDUITS

Figure 16. Cable conduits location on the floor
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7.1.3 Control Cables

A cable ladder is installed for the control cablebjolr moves on the bottom level
of the EG-set common frame and is brought up underah&at box. This solu-
tion saves space around the generator and it can Ibgratected from external
damages. The control cables can be installed far &nbog the high current
level phase cables whose electromagnetic fields casectilure commands in
the engine control system. This kind of cable routelzalso used in the genera-
tor model where the control box is located at the @nthe generator head, be-
cause it is easy to continue the ladder even to ther side of the generator.
Commonly the control cables are brought up from thedgbras well as MV-
cables, so now when the ladder is installed as nedtabr as possible, the cables
have to handle the smallest stress possible caused by BEaganhents. The lad-

der fastening to the EG-set common frame is made bygolfrigure 17)

CABLE LADCER FOR
[ONTROL CABLES II'L

Figure 17. Cable ladder for control cables
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7.1.4 Other Installation Details

In the drawing the specific details of the dimensiortimgy MV-cables to the gen-
erator terminal are also mentioned. The bending raafitise cables is calculated
according to the used cable diameter, which in thée & 900 mm, for 500 nfm

cable (Figure 18). It is very important to get thghtidimension for the cables,
because it has a major effect on the structural pemcaria the future, see also a

note in appendix 1.

Because the MV cables need to be protected, we desayspecial cover, which
will protect the whole cabling support structure. T™ower structural dimensions

are showed in appendix 1.

In the drawing it is also shown, how the neutral poable installations should be

done.
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Figure 18. Bending radius of the generator MV-cables
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8 SUMMARY AND CONCLUSIONS

The subject of the thesis was standardization of theostipg and installation of

generator cable in the power plants. | have worked/artsila power plants as an
electrical supervisor and my work experience wasgfeat help in study of the
this thesis. The topic in this thesis was previously famitiane from the projects

| have participated in, so | already had a visiothefimplementation of the solu-
tion. The purpose of the thesis was to produce pimdmawings of the standardi-
zation. The final modifications and standardized dnawwill be created at a later
stage, after we have made sure the functionalityeo§thution by making the first

pilot project.

The thesis was started by collecting information of thgeseerator cabling and
supporting installations of which EMO had received Hest feedback over the
years. Based on the feedback and on our own experiga produced a solution,
which helps in making the cable installations and supmpmore reliable and
cost-effective.

The thesis process was challenging and interestingd lahaopportunity to be-
come familiar with different areas of engineering idN¥ila. | was able to get a
lot of experience from the field of standardizati6nom my own point of view
the thesis was successful and the employer is also veryeshtisfobtained out-

come of the thesis.
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