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Abstract

This thesis is an examination of calculation softwares for the dimensioning of
electrical installations. The thesis is done in cooperation with Vaasa
Engineering Oy. The goal is to help the employer find a calculation software
that is suitable for their needs. First the fundamental theory concerning the
subject is dealt with. A short description of how the softwares are utilized in
project planning links the theory to a practical usage of calculation softwares.
These are presented from the angle of plant calculation procedures. After the
presentation the calculation softwares are summarized in an evaluation of
benefits and drawbacks. The result is a recommendation of which calculation
software the employer should use for dimensioning electrical installations. The

thesis is concluded with a short conclusion and discussion.
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Abstrakt

Detta examensarbete &ar en undersokning av berdkningsprogram for
dimensionering av elanlaggningar. Examensarbetet ar gjort i samarbete med
Vaasa Engineering Oy. Malet ar att hjalpa uppdragsgivaren med att hitta ett
berakningsprogram som ar lampligt for deras behov. Férst behandlas den
grundlaggande teorin gallande amnet. En kort forklaring av hur dessa program
kan utnyttjas inom projektplanering lankar teorin till praktisk anvandning av
berakningsprogram. Dessa program presenteras ur synvinkeln
tillvagagangssatt for berakning av elanlaggningar. Efter presentationen
sammanfattas berakningsprogrammen i en utvardering av for- och nackdelar.
Resultatet ar en rekommendation av vilket berakningsprogram
uppdragsgivaren borde anvanda foér dimensionering av elanlaggningar.

Examensarbetet avslutas med en kort sammanfattning samt diskussion.
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1 I ntroduction

When planning electrical installations, safety ivays the highest priority. The protection
requirements as regards humans and animals magfibed in any situation. Electrical faults
may also cause fire. This is why electrical insti@édins must be planned and dimensioned
correctly to ensure a safe installation for us@tse installation should also be reliable and
gualitative to guarantee device operations anddéggnt failures in sensitive devices. Quality
means that disturbances, harmonics and voltagéslskieuld be kept within margins.

The protection of humans is primarily done by preirgg them from contact with live parts
through isolation, enclosure or barriers. HoweWethese are defective the protection should
be fulfilled in other ways. Exposed conductive partay in some cases also become live due
to isolation faults. In fault situations the currenust be cut very fast to prevent injuries or

fire.

Satisfaction of the required demands must be prdkevugh calculation or measurements
with an approved instrument. Since measurementatalpe done in advance, calculations
should always be done. By making correct calcutati@xpensive misdimensioning will also
be avoided.

This thesis deals with calculation softwares fog thmensioning of electrical installations.
First some potential programs are looked into am lthsis of wishes and advice from the
employer and a quick overview of the propertieditierent programs.

In the theory chapter the regulations concernimgedisioning of electrical installations have
been studied. The theory is primarily based on Fmnish standardization association’s
regulations for low-voltage systems SFS-6000. Mdghe information is taken from student
literature found in the library, parallel to the SBE000. Some comprehensive information is
taken from IEC-60909 “short-circuit currents in dbfphase AC systems”. Software

handbooks also contain very good information orfigdd.



1.1 VaasaEngineering Oy

Vaasa Engineering Oy (often referred to as VEO)vipe automation and electrification
solutions for the energy sector covering energylpetion, transmission, distribution and use.
They deliver turnkey projects, project componedtsign and engineering, procurement and
supply, project management, installation, start-agpmmissioning and user training to
customers worldwide. VEO also offer plant modertitres, maintenance, system updates and
switchgears. They develop and manufacture all eir tbore products in-house. As well as
their own products VEO also deliver components fleading manufacturers throughout the
entire energy field. This helps them to remainhatleading edge of development and to offer

optimum, preferred solutions to their customerswinveo.fi)

1.2 Goal and expectations

Dimensioning electrical installations can sometirhegough and time consuming, especially
in extensive installations that may include sevenators, transformers or generators. Those
who plan electrical installations must also be @blprovide their customers with professional

documentation.

My employer operates in the power generation, ifistion and industrial fields. The electric
installations in these kinds of plants are usuadlyy extensive. This makes calculations very
challenging. Particular effort is put on relialyjlitsince operation interruptions may become
very expensive. This is why the employer has gimenthe assignment to look into some
software tools that will help the project engineexith the calculation of electrical

installations.

The goal is to find a software tool that is usexrfdly, rapid to use and versatile. The program
should at least be able to calculate short-cirauitents, voltage drops and touch voltages and
also to verify selectivity. It is also importantaththe documentation of calculations is distinct
and professional. The pros and cons of some céloulgoftwares will be evaluated to help

the employer decide which tool is most suitabletfair needs. This requires some thorough

knowledge about the tools in question.
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My expectations of this assignment are primarilyléarn how calculation tools can be
utilized in the best possible way in project plarqnil also expect to learn more about how

each component in electrical installations affélsescharacteristics of electricity.

2  Theory

The dimensioning of cables and over-current praieatevices is one of the most important
things when planning electrical installations. Lesddlity, short-circuit current and voltage-
drop are all affected by the conductor dimensi@unductor cross-section areas and the over-
current protection devices must be chosen so #udt-protection requirements are met in any
situation. Other factors that should be consideassl future extensions of the plant and
economical aspects. The economical aspects caarblegse and installation costs, or loss and

maintenance costs.

This chapter contains the fundamental theory ofedisioning electrical installations. It
includes explanations of the most vital properti@sd calculation procedures of electrical
installations.

2.1 Typesof distribution systems

The dimensioning of distribution systems may at sgmints differ, depending on the type of
system in question. The type of system dependsomn live conductors and earthings are
realized. In AC-systems there are one, two or tipiegse conductors and usually one neutral
conductor and a protective conductor. The neutmldactor is also considered a live
conductor. (Suomen Sahkourakoitsijaliitto ry, 19952-56)



211 |T-systems

In an IT-system no live parts are earthed diredyposed conductive parts are connected
directly to earth. IT-systems are commonly used -¥ssubsystems to increase reliability.
(Suomen Sahkoéurakoitsijaliitto ry, 1995, p.56)

Liw L+ w
Lye L-¢
Ly | PE
N |

Figure.la. IT AC-system Figure.lb. IT DC-system

2.1.2 TN-systems

In a TN system one point is earthed directly aredekposed conductive parts are connected to
this point with a protective earthing conductorRiN-conductor. TN-systems are the most
common systems used in power distribution. The ¥8tesn is divided into three different
systems depending on neutral and protective egritdmductor mutual arrangements. TN-S
has separate neutral and protective earthing cooiduio the entire system. In TN-C-S neutral
and earthing conductors are combined in parts @fsgstem. In TN-C neutral and earthing

conductors are combined in the entire system. r{&rgi2008a, p.30-31)

. (TM-C) | (TN-5) [TH-C) (TN-5)
. [ [
Low T L+ T
Lo : FEM ¢ M
PEM 4 T M L-»

| PE PE
|
|
|

Figure.2a. TN AC-system Figure.2b. TN DC-system



213 TT-systems

In a TT-system one point is earthed directly. Exggosonductive parts are connected to
separate electrically independent earth electrodibs. TT-system is generally not used in
distribution. TT-systems are used in special caseth as secondary windings of voltage
transformers. (Suomen Séahkdurakoitsijaliitto ry93.90.56)

Le L+w
L3= L-»
Ny ' PE ¢ 1
1 ""}"' l O
= : - . ' =+ = : - u :
ool 1. i |
Figure.3a.TT AC-system Figure.3b.TT DC-system

2.2 Conductor current carrying capacity

Electric currents heat the conductor it flows tlglolbecause of power losses due to electric
resistivity in the conductor. The heat is transfdrfrom the conductor to the surroundings

through its insulation and protective layers. Sitioe cable has a certain heat resistivity, the
temperature of the conductor rises until it reacttes point where the transferred heat

corresponds to the heat losses in the cable. Largses-section area of the conductor reduces
electric resistivity and thus the power loss isueat. (Suomen Sahkdéurakoitsijaliitto ry, 1995,

p.293)

That is, cross-section area and cable construtiam@ great impact on the current carrying
capacity. Other factors that affect the currentytag capacity are the method of installation,
ambient temperature, other nearby cables, air latiom and heat resistivity of the

surrounding soil in earth cables. Reference metloddastallation are found in appendix 1.

Conductor current carrying capacity values dependimthe method of installation are found
in appendix 2 (table 1). Correction factors concegrtemperatures, ground heat resistivity
and other nearby cables are found in appendixi®e@a® — 6). (Suomen Sahkourakoitsijaliitto
ry, 1995, p.293)



2.2.1 Conductor overload

An over-current is any current that is higher thiaa installation design current. An overload-
current is a current that is higher than the albwerrent, while there is no fault in the circuit.

Overload causes overheating of electrical compan€hiainen, 2008a, p.140)

2.2.2 Overload protection

Overload protection devices must be dimensionedhab the over-current is disconnected
before the conductor insulation, connections or table surroundings are overheated.
Overload protection must meet the requirementsepited in equations 1 and 2. In practice the
protection device is chosen to the next standaddsiee bigger thanl |, appears in the
product standard or is given by the manufactuiigairien, 2008a, p.140)

I <1, <1, €]

|, <1450, @)

I = The current that the circuit is planned for

I, = Conductor constant current carrying capacity

In = Protection-device nominal current

P = The current that ensures the protection dewiseark as supposed to

(SFS, 6000-4-43, 433.1)

The electric load I can either be estimated, or calculated if the isakhown and consistent.
Estimation of the circuit load is based on how &leal appliances are used. When it is not
likely that several appliances are used simultasigothe load can be based on the highest
probable load. (Tiainen, 2008a, p.141)



2.3 Short-circuit currents

A short-circuit is a fault of negligible impedanbetween conductors having a difference in
potential. (Handbook EN.pdf, 2007, p.209) In elealrinstallations the prospective short-
circuit current must either be measured or caledldb guarantee disconnection in case of
short-circuit. In short-circuit situations the aemt must be cut very fast to prevent overheating
and to secure safety for humans and animals. Coemp®@must also be able to withstand and
disconnect very high SC currents. High SC curreapgpear especially in circuits with
generators and motors. SC currents are naturafp &kry high close to distribution
transformers. Short-circuit protection is often ¢ned with overload protection. (Suomen
Sahkdurakoitsijaliitto ry, 1995, p.338-339)

2.3.1 Characteristicsof short-circuit currents

The characteristics of short-circuit currents candivided into “far from generator”- and

“close to generator” short-circuit. Far from gererdhe initial symmetrical SC curremi has
a constant amplitude and is therefore equal tosteady-state SC currert . Close to
generatorl, is decaying. Far from generators the three-ph&eugrent is the highest of the

short-circuit currents. In close to generator sleaduits, the single phase short-circuit current

can be higher than the three phase.

{a) (b}

N
——

— N RO

Figure.4a. Far from generator short-circuit current Figure.4b. Close to generator shartuwit current

(http://images.books24x7.com/bookimages/id_1558b2ijpg)
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The minimum short-circuit current.li, appears at the very end of the line and is detexthi

to ensure fast disconnection in case of short-ttirdine minimum SC current is the single
phase short-circuit. Maximum SC curreptak is calculated directly behind devicegnak is
determined to ensure that the components can waittisand disconnect the high current
during short-circuit. (IEC, 60909-0, 2.4-2.5)

2.3.2 Protection against contact voltage

Contact voltage is the voltage that appears betvieenparts and both live parts can be
touched simultaneously by humans or animals. ($880-1 826-11-05) Protection against
contact voltage is primarily accomplished throughtomatic disconnection in case of
insulation faults. To avoid physiological defectsedo electric currents flowing through the
human body in a fault situation, maximum disconioectimes have been given. Residual
current devices (RCD) and low voltage systems camged as additional protection where
needed. (Suomen Sahkourakoitsijaliitto ry, 19934p.

The disconnection times are strictly dependent hen rhinimum short-circuit current. The
disconnection time must be 0,4 s in circuits that are protected with31 A overload
protection. In circuits witt> 32 A the disconnection time is allowed to $&,0 s. Between

switchboards the maximum disconnection time is glS¢@ s. (Tiainen, 2008a, p.164)

2.3.3 Protection of cables

A cable is protected against short-circuit if theedfic let-through energy of the preceding

protection device is the withstood energy of the cable (equation 3).

| %t < k2S? (3)

1%t is the specific let-through energy of the pratatdevice

S is the cable cross section area

k is a factor that depends on the cable insulatimjconducting material

(Handbook_EN.pdf, 2007, p.70)
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Short-circuits must be cut at latest when the cotatureaches its highest allowed
temperature. In short-circuits that l&sb s the time t can be calculated (equation 4),hickv
the temperature of the conductor rises to its albwaximum residue limit. The conductor is

assumed to be in its normal highest allowed tentpexdefore the short-circuit.

t= (k [4;5)2 ()
t Duration in seconds
A Cross-section area

| RMS short-circuit current
k In PVC-insulated Cu conductors k = 115, PVC-iasedl Al conductors k = 74

(Suomen Sahkourakoitsijaliitto ry, 1995, p.339-340)

2.4 Calculation of impedances

The impedance of transformers, generators, motatdes and the upstream network affect
the short-circuit current. The impedance is divid®d positive, negative, and zero sequence
impedance. These impedances must be determinedién @ be able to calculate the short-

circuit current.

The transformer impedance can generally be coresider consist of positive and negative
sequence impedance. In some cases it may include sefjuence impedance, but can

generally be neglected. Transformer winding impeddimits the short-circuit current.

0, 2
_ukA) n

© 100 S,

Transformer impedance: Z. (5)

Synchronous generators contribute to the shortitircurrent. To calculate generator
impedances some approximations must be made. Tdigvposequence reactancg an be
assumed to consist only of the sub-transient reaetdy”. Negative sequence reactance X
varies between X and X;". In case that X' and X;" differ much the average value between

these two reactances can be used. If not, the inegaquence can be approximated to take
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the same value asgX The zero sequence reactancgvéries between a value of 0.1-0.7

times the positive or negative sequence reactance.

0, 2
X, % U~

Zero sequence reactance: X0 =—-
100 S,

(6)

Xo IS @ parameter of the generator (appendix 3). Qthmmeters to include in calculations are
grounding resistance and reactancesaRd X If the generator star point is not connected to
the ground, the grounding impedance is considenédite. Generator impedances can be
calculated as follows:

Positive sequence impedance:  Z, = (R, + jX,) )
Negative sequence impedance: Z =(R, + jX,) (8)
Zero sequence impedance:Z, =R, +3[R; + j(X, +3[Xs) (9

Stator resistance: R, = Xy (10)
2070F [T,

T.is the stator time constant.

Asynchronous three-phase motors contribute to fioet-ircuit current for 5-6 periods i.e.
100-120 ms in 50 Hz frequency. The positive andatieg sequence impedances of a motor
can be considered equal. The zero-sequengg ipedance should be given by the
manufacturer. If the motor is not earthegy4s infinite. Positive and negative sequence
impedances are calculated as in equation 11:

Z,=2,=2, =(R, +jXy) (11)
2
Zy :Un GSL (12)

Iﬂ h
In
I r is the current while the rotor is blocked.

Cable impedances limit the short-circuit currerdgsiBve and negative sequence impedances
can be set equal (equation 13).



11
Zy=2;=Z; = (R + JX¢) (13)
The zero-sequence impedance varies depending gatthva path of the fault current.
L-to-N: Z,=Z.+30Z. =(Re +3[R) + j(Xc +3[X,c) (14)
L-to-PE (TN-S): Z,=Zo+j30Zpec =(Re +3[Rec) + j(Xe +3[ X pee)  (15)
L-to-ground (TT): Z,=Z. + j3[Zg. = (R. +3[R.) + j(Xc +3[ X ) (16)
The upstream network is the distribution net (81§). The zero sequence impedance is not

considered since the primary winding is generadlifjadconnected.

Network impedance:Z, =Z, =Z ., = Yo (17)

| V30,
(Handbook_EN.pdf, 2007, p.228-230)

2.5 Calculation of short-circuit currents

When calculating maximum short-circuit currentgat all elements contributing to the SC
current must be chosen to give the highest possinéribution. All equivalent short-circuit

impedances must be introduced at the smallest lgessalue. Cable and overhead line
resistances are introduced at a temperature ofC20/dtors that contribute tqnlax shall be

included in calculations. Voltage factgs.¢(Table 1) must also be included.

Table 1. Voltage factor ¢ (IEC 60909-0, table 1{tegk factor c)

Voltage factor c for calculation of
Nominal voltage Un Maximum SC Minimum SC
currents, cmax currents, cmin
Low voltage 100 V 1,05 * 0.95
to 1000 V 1,10 ** '
Medium voltage 1
kV to 35 kV
; 1,10 1,00
High voltage >35
kv
* For low voltage systems with a tolerance of +6%, for example
systems renamed from 380 V to 400 V.
** For low voltage systems with a tolerance of +10%.
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When determing «hin the contributing elements are chosen to have éast|possible
contribution to }. Motors should be excluded from calculations. Resice of cables and
overhead lines are introduced at the conductor ¢eatpre at the end of the short-circuit. The
voltage factor (Table 1) is chosen to hg.qIEC 60909-0, ch.2.4-2.5)

clU,

3-phase short-circuit: I = (18)
\/§ |JZNET + ZT + ZL)
o cl
2-phase short-circuit: e, = i +Z” +7) (19)
NET T L
- cl
Phase-to-neutral short-circuit: lan = > . (20)
\/§|1§+ZNET +ZT +ZL +ZN)
Phase-to-PE short-circuit: lape = cw, (21)

2
\/§|1§+ZNET tZy +Z +Zp)

(Handbook_EN.pdf, 2007, p.232)

2.6 Theshort-circuit power method

The short circuit-current can also be calculatedubiyng the “short-circuit power method”.
This method gives an approximate short-circuit enrrin a simple way. The result is
generally within acceptable accuracy. First thertsbiocuit power § for all the elements

included in the installation must be determined.

Network short-circuit power &t or short-circuit current ket is generally given by the
distribution company at the supply point, e.g. stasmsformer. If not, reference values (Table
2) can be used.

Table 2. Reference values for Network short-cirpoitver (Handbook EN.pdf, 2007, p.212)

Net voltage Short-circuit power
Un (kV) Sknet (MVA)
<20 500
<32 750
<63 1000
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Generator short-circuit powerScontributes tol S can be calculated if the generator
reactance X is known (appendix 3). Xis generally given in percent of generator impegan
Zg4, and can either be subtransient, transient, octspmous reactance depending on in which
instant g is to be calculated. Subtransient reactance iallysused in calculations, being the
worst case scenario. The short-circuit power ofaadformer limits J. Cables also limit the
short-circuit current. Cable short-circuit powernche calculated according to a good

approximation.

S, [100

Generator short-circuit power: S = ~ (22)
d%

Motor short-circuit power: S = V3 W, 0w (@3
- _ 100

Transformer short-circuit power: Sq = 0% 5.+ (24)
k 70

U 2
Cable short-circuit power approximation: S, . = Z” (25)

C

Short-circuit power at the fault point can now laécalated by using equation 26 or 27:

Elements in series: S, = (26)

Elements in parallel: S, =S, +S,,, + S + Scc (27)

The short-circuit current is calculated as in folan28 or 29:

o S
3-phase short-circuit current; , = —— (28)
V3,
2-phase short-circuit current; , = ZEKJ (29)

n

(Handbook_EN.pdf, 2007, p.211-220)
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2.7 Voltage-drop

By voltage-drop is meant how much the voltage at ¢cbnsumption point differs from the
rated voltage at the supply point. In LV instatha$ the voltage drop is recommended to be no
more than 4 % of the rated voltage at the suppigtpd no other requirements are set. (SFS,
6000-5-52, 525) Higher voltage drops are allowedimuits that contain electric motors or
other devices with high inrush currents. The vdatdgop can be calculated by using equations
30-32:

In DC circuits: NJ=I12[rll (30)

In 1-phase AC circuits: AU =1 [2[I[(r [cosg = x[sing)  (31)

In 3-phase AC circuits: AU =1 O B/3r [tosg + xZing) (32)

When the load is inductive the + is (+), when capaeit is (-).

Voltage drop in %: Au= ﬁ—u [100% (33)

AU s the voltage drop in volts
I is the load current in amperes

I is the length of the cable

r is the self-resistance in ohms/meter

X is the self-reactance in ohms/meter

Un is the rated voltage

o is the phase angle between the voltage and thentun degrees
Au is the proportional voltage drop in %

(Tiainen, 2008a, p.167-168)
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2.8 Sdlectivity

Selectivity means that protection devices only workhat part of the circuit where they are
supposed to work in case of overload or short-gircthis is generally the last protection
device preceding the point where a fault occursecligity can be verified by studying the
characteristics of protection devices. Selectivilgy in some cases lead to unreasonable over-

dimensioning and is therefore not always neces¢aiginen, 2008a, p.166)

s t
A \\JI\
tg 3
X lA: | B TN
‘\
E -

Ia=lg
Figure.5.Low voltage selectivity with ABB circuiebkers. (QT1_EN.pdf, 2008, p.5).

Figure 5 presents the characteristics of two ptimealevices. The red curve represents the
characteristics of the protection device closesth® fault point, circuit breaker B. In this

example selectivity is accomplished.
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3 Calculation softwar es utilized

The theory dealt with in chapter 2 is the foundatior electrical dimensioning. This chapter
briefly describes the dimensioning procedure ang eaiculation softwares should be utilized
in the process. The flow chart (figure 6) is a gg®n of how the dimensioning of electrical

installations should be approached with or withwelp from computer softwares.

Load analysis:

- dafinition of the power absorbad by the loads and ralevant position;

-definition of the position of tha power distribution centars {switchboards);

- definition of the paths and calculation of the langih of the connection slements;

- definition of the totzal power absorbad, taking into account the utilization factors
and demand factors.

Dimensioning of transformers and generators with margin connacted to
fuiure predicizble powear supply requiremants (by aporoximation from +15+-30%)

Dimensioning of conductors:
-avaluation of the current (ig) in the single connection slsmants:
- definition of the conductor type (conductors and insulation materials,

configuration,...);
-definition of the cross saction and of the current carrying :apacity:‘-r'
- calculation of the voltage drop at the load currant under specific rafarence
conditions {motor starting,...).

| Verification of the voltage drop limits at the final loads

negative
,‘ outcome

Short-circuit current calculation mawimum values at the busbars (peginning of
linaj and minimum valuas at the and of line

v

Selection of protective circuit-breakers with:
- breaking capacity higher than the maximum prospective short-circuit current;

ratad current |, not lower than the load curmen ky;
- characierstcs compatible with the type of protecied oad imotors, capacitors...).

¥

Verification of the protection of conductors:

- verification of the proteciion against cverload: the rated cument or the set curment
of the circuit-breaker shall be higher than the load curment, but lower than the
cument camying capaciy of e conducior,

bzhzk
|

- verification of the protection against short-circuit the specific let-through enengy ﬂﬂ?ﬂtive
by the cincuit breaker under short-circuit conditions shad be lower than the specific |™'=%™®
let-through enemgy which can be withstood by the cable;

Pl<kes?
- verification of the protection against indirect contacis (depending on the
distnibution system).

Verification of the coordination with other equipments (discrimination and
negative | Dack-up, verification of the coordination with switch disconnectors...)

outcome

Definition of the components [auxikany circuits, terminals. ) and switchboard
design

Figure.6. Dimensioning procedure. (Handbook _EN.RO07, p.24).
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Figure 6 gives a very good overview of how elealridimensioning is systematically
carried out. The calculations softwares that a@resed are based on drawing a single-line
diagram. Therefore calculations can be done as dihgle-line diagram takes form,

nevertheless the approach is generally very mugisdme.

The primary reason for why calculation softwaresusth be utilized in dimensioning electrical
installations is to save time. Moreover, calculasiare tiresome to repeat every time a new
plant is to be dimensioned. The risk of incorreiche@hsioning is also reduced since the user
only has to set the data of the plant electricad$o together with general installation

information. Calculations are entirely done by tlenputer software, based on these settings.

Calculation softwares also contain ready-made dat over components, which is useful
since summarizing the detailed data necessary waildard work. In addition to calculation
result reports most softwares automatically comgaldes of cables and device lists as well.
Once more, the benefit of professional documemtatib calculation results to provide the

customers with is highly valued.

Two calculation softwares are chosen to be examjmadicularly thoroughly. These are
chosen since they meet the requirements at mogsitspoifwo other alternatives for
dimensioning electrical installations are also fyieliscussed and presented, however these
are not examined any further nor are they consitlerehe final evaluation. The presentation
of the softwares is meant to give an idea of hoaytban be utilized in the dimensioning of

electrical installations, which is a significantrpaf project planning.
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4  ABB Doc 1.0.0.0009

Doc is a calculation software by ABB based on dmgwisingle-line diagrams. Doc
automatically dimensions cable cross-section gmedection devices and switching devices in
low and medium voltage power plants. The user daose between light and professional

profiles. The profile is selected on program stgrt-The main functionalities of ABB Doc are:
» Drawing single-line diagrams and auxiliary circuits
» Calculation of currents, voltage drops and shaduiis
* Dimensioning cables and verifying cable protection
» Dimensioning of switching- and protection devices
» Setting and coordination of protection devices
» Calculation of over temperatures in switchboards
» Printing the project documentation

(DOC_EN.pdf)

4.1 ABB Doc setup

On start-up the user can choose between lightasegsional profile (figure 7). Light profile is
recommended for calculating simple low voltage wis: In the professional profile all Doc
functionalities are available. Professional profie recommended for calculating more

complex circuits with MV supplies or generator shiggp
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E poc - user profile selection

DOC features

" Light * Professional
Single-line diagram drawing
Short-circuit calculation

Yoltage Drop Calculation

A S SN

Low Yoltage Power supplies

Medium voltage devices selection

Dizcrimination studies

v
v
v
Medium Voltage Power supplies v
v
v
v

Free drawing

[ Do not ask again on startfup (profile cheice is available under Tools - Options...)

ADD
FAIDED

Figure.7. ABB Doc user profile selection

4.1.1 General properties

The general properties window opens when a newegtrag created (figure 8). The window
can be opened later on and some properties cadjbsted, if they are not dependent on the

single-line diagram connected to the supply.

There are four different power supplies to choastevben. At light profile the alternatives are
LV supply and MV-LV trafo. At professional profileghe MV supply and Generator are also
available. The generator supply should be useslamd operation.
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Plant general properties [g]

" MY-LV Trafo 1 MV Supply | —{" Generator

v:i‘ An - Vee -V V- lec @v—|
Al J Yo )

lee |6 Traf r vV _J M W -| v
An | VAl e | K |
Weo [%] 2o Al
| Neutral balanced LJ
Symbol | =]
Calculations according to standard-method: IEC 6050531 -
LV section parameters |
]ﬂ!L"E ﬂ ] |LLLN L] |‘|‘|’ _ﬂ |5L‘ Li [Hz] Cable dimensioning accaording to standard: CEl 64-8 -
Plant loads 1 Temperature i
P Wil | [AF Ambiert, for overtemperaturs in enclosures 13[; I
Q fevar] cosip |sed for derating of electrical devices 40 [*Cl
I i~ Protection of people
In LLLN cincuits choose circuit breakers with 47 e Max contact voltage 50 V]
In LM circuits choose cincuit breakers with 1PN = Max tripping time 0.4 [s]
MCB's for Industrial use {IEC 60847-2) ~| R 1 mI
1 Choose automatically
Miriature CB for Ib up to £3 Al
¥ Neutral section = 50% of Phase fwhen allowed by standards) Moulded case CB for Ib up to 15‘}5 [A]
Close options <<< Choose layout Cptions. . ‘
ok | Cancel |

Figure.8. ABB Doc plant general properties

In the LV supply the only parameter required is theee-phase short-circuit current at the
supply point. This short-circuit current should ipéormed by the distribution company or
plant holder. If either the three-phase fault imgeze or short-circuit apparent power is
known the short-circuit current can be calculatgcclicking the calculator button. The MV-

LV trafo is used for representing the LV-side indien or large plants. The parameters
needed in this supply are the rated apparent postert-circuit voltage and the number of
transformers.

The MV supply is used to represent also the MV silda transformer when you want Doc to

select MV devices. The parameters needed are tthe valtage, short-circuit current, the state



21

of neutral and the ground fault current at the poindelivery. Short circuit currents are
calculated in the same way as in the LV supply. gitoeaind fault current can be calculated if
the capacity to ground or the Petersen coil pararseire known. Other parameters that can be
selected are e.g. the type of AC system, frequ¢b@yHz or 60 Hz), parameters that affect
protection of people, calculation standard method e

4.1.2 Seecting layout

When the general plant properties are defined #w window that appears is the layout
selection. This doesn't affect the calculation Hssin any way. In light profile the only
alternative is “LV columns”. The layout can be chad during an ongoing Doc project. In

professional profile the user can choose between:
e  “MV columns” (recommended for drawing MV compartreimgrams)
e “LV columns” (recommended for drawing LV plants)

*  “Free” (recommended for customized and/or spedagrdams on A2, A1, A0 formats)

Choose layout MV columns Choose layout LV columns Choose layout Free

Figure.9. Available layouts in ABB Doc

4.1.3 ABB Doc Toolbars

At light profile the available toolbars are LV madoolbars and auxiliary toolbars. In the LV
macro toolbars the most common symbols for rapid aasy drawing are found. At

professional profile the free drawing toolbar isaigable for customized drawing. All LV
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macro toolbars, and MV macro toolbars are alsolavi@. The user can choose what

toolbars should be visible by clicking “Toolbargi the “View” menu. In the following

screenshot all available toolbars are visible.

Eie Edit Objects MVObjects Tools View Help

L= ] (2B I -1 - el B A AldH |2=uLBElcaaaadns
B@eea Il he gssdbtstsoan

[MEREST = PR

wz: 1.8
Command < zoomvheel>: |

LD 2
JEql '
{513 |
R TTm
Ef T :
YTk :
IEhE e
S ] o
TlE Ly
2 = / ?g - -
e Ik
el
L o
Ready -145.73:16 1. 18 SNAP (GRID 14:48

Figure.10. ABB Doc LV columns layout

On the right in figure 10 there are some symbol&r@hthe user can switch between the

following modules.
88 Drawing the MV network
P

Drawing the LV network

Calculating and dimensioning

Curve verification and drawing

1
T Drawing of auxiliaries

L[“_ Documentation
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4.2 Drawingin ABB Doc

Drawing in ABB Doc is rapid and simple, especidllyusing the macros. The macros consist
of e.g. a protection device or disconnector, cabid load. There are different macros to
choose between, depending on the protection deanceload in question. At light profile
using the macros is the only way to draw the sHtigke diagram. At professional profile the
user can either use the macros or choose loadpratettion devices more freely. Loads can

also be more customized at professional profile.

421 LV diagram

The screenshot displays a LV single-line diagraawar at light profile. The yellow color of
the lines and symbols indicates that the diagrasnniod yet been calculated. On the left is the
supply point chosen by the user, in this case Lpsu

ICB WITH SC PROTEGTION
! | AND OL PROTECTION

Figure.11. ABB Doc LV diagram
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The incoming disconnector (Figure 11) feeds a s$wibard. The switchboard feeds a sub
switchboard, a motor and a board sublevel. Thesaitzhboard feeder is cross referenced and
the sub switchboard can be drawn on a new page.bdhed sublevel is used when it is
desirable to protect several departures by e.g.R@B. By double clicking the load symbol
the user can configure the parameters of the [blagl.cable dimensions and the characteristics
of the protection device should now be chosen aatwally by Doc. However if some
devices or cables are preferred to be chosen mgnitatan be done by double clicking the
symbol and the parameters of the device can beephdsthe user wants to choose devices
manually, the parameters can be locked by clickimg padlock symbol. Now Doc won't

choose the devices automatically, but the calardatshow if they meet the requirements.

4.2.2 Auxiliaries

Auxiliary circuits can also be drawn with Doc. Drag the auxiliaries is only possible as free
drawing (figure 9), i.e. there are no available madn the drawing of auxiliaries mode. The
auxiliary circuits are only drawn to get a more @bate diagram for documentation, and do
not affect the calculation results.
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4.2.3 MYV diagram

The screenshot (figure 12) is an example of a MMfchgear with a measurement unit, two
transformers and two departures. The LV departama the transformer is cross-referenced to
another page. The green color of the lines indicdlat the diagram is calculated and

dimensioned correctly.

I

1=

Figure.12. ABB Doc MV diagram

4.3 Calculation module

Calculation is done when the single-line diagrandrswn and the data of the objects have
been defined. The user can modify the calculatimtgdure if desired. However the Doc
preset calculation procedure covers most commonmntl8y using the options command in
the tools menu, the user can select “Show calanlagettings before dimensioning” to view or
modify the calculation parameters. (DOC_EN.pdf8p.4
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During the calculation process a window that shake progress of the calculation is

visible. There are two types of error messagesrtiagt appear during the calculation.

» Blocking messages: incorrect situation must be corrected before pedoey with
calculation.

* Warning messages: warn the user of possible errors, but do not btbekcalculation.

Doc calculation and dimensioning results:

Ikmax @t all points of the diagram, anghj at the end of each line.

* Phase and neutral currents at all points of thgrdra.

» Cosp on each busbar and line, and active and reactiweprequired at the supply.
* Minimum cross-sections of cables that satisfy tredramd voltage drop criteria.

» The most economical ABB protection and switchingaptus.

* Moving a single or two phase load from one phasaniather, to achieve a balanced

load.
» Dimensioning of transformers and generators.

The user can modify the device selections made dxy. Dhis is done by choosing the objects
manually and locking them with the padlock symi@zhoosing objects manually can be useful
e.g. when one type of cable is already used aira pbthe single-line diagram, and the user
wishes to use the same type at another.

At the footer of the single-line diagram (figured and 12) there is a table, where the
calculation and dimensioning results are showru(édlL3). This way of presenting the results
is very distinct and the user gets a very goodwger of the calculation results for each single
departure.
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Figure.13. ABB Doc calculation results

4.4 Curvesmodule

In the curves module the characteristics of prataaievices can be viewed (figure 14). In the
box on the left the user can verify characteristicéhe single objects. Several circuit breakers
can be chosen into the same time-current graphaboselectivity can be verified. In the
relations box on the bottom of the window thera Isst of the protection verified by doc. The
available curves are time-current tripping chanasties, specific let through energy and

current limitation curves.

When protection relations are satisfied, the g&af@K and the color of the text is black. If the
protection relation is failed, the text is red &hé state is FAILED. If adjustable protection
devices are used (e.g. device with microprocessir and some thermo-magnetic type
devices) the user can adjust the settings of thiee@intil the protection relation is satisfied.

The curves can be printed or attached to the siirgdaediagram if desired.
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Figure.14. ABB Doc curves module

45 Documentation module

In the documentation module the user can choosd whto be included in the project
documentation. The single-line diagrams are thg ocompulsory pages in the documentation.

Other pages that are desired by the user can lsechy ticking its box.

On the right of the window (figure 15) are the coamus of the documentation manager. With
the compile layout command, the heading and theutagf each page can be compiled. The
name of the project, the customer, the designerdéscriptions and the dates etc. are chosen
with the compile layout command. There is also mm@nd to export reports into .xls files if

this format is preferred.



Project documentation manager

[ Header
[T Calculation and dimensioning criteria
[ Short-drcuit caloulation hypothesis
[ Single line diagram
-Iv Reports
[ Table of LV cables
+-[7 List of MY devices
[T List of LV devices
[T Report of MY dircuit breakers - Trip units

[ Report of LY drcuit breakers
[T Short dircuit calculation
“ ¥ Report of protections

Renumbering J

Change layout J

Compile layout J

Insert empty page

Move up

Delete current page j
Move down 1

Print selection 1

Create .pdf document 1

Export reports in ,xis 1

fig

iEninsh vi

Choose print language

E.]

W

o ] e |

Select all |

Deselect al J

Figure.15. ABB Doc documentation module
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5  Febdok 5.0.42

Febdok is a software tool made for the dimensionamgl documentation of electrical
installations. Febdok is developed by NorwegianféNehd has been used in Norway for more
than 15 years. The functionalities of Febdok are:

» Calculation of short-circuit- and fault currents
» Calculations of touch voltages and voltage drops
» Dimensioning of cables, busbars and protectionagsvi
» Verification of selectivity, and protection devickeck up
» Documentation of electrical installations

(Nelfo, Foreningen for EL og IT Bedriftene)

Febdok is available in Norwegian, Swedish, Danishnish and UK versions. The difference
between the versions is e.g. the program langussg#de markings and possible calculation
differences. In this chapter a demo of the Finnighsion is looked into. The demo is
downloaded from S&hkainfo.fi and works on one cotaptor 45 days. All properties except

documentation are available in the demo version.

5.1 Febdok setup

When Febdok is started and the user has loggedwindow that contains information about
licence and software version is shown. Furthembeeinformation is found in the licence

menu.

In the System setup menu (figure 16) the user earthe standard settings for installations.
Febdok will now use these settings every time ter greates a new installation. The system
setup window includes installation, applicationpleatypes, protection devices, utility and

users access rights menus.
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In the cable types and protection devices menususie can select which installation
material should be available, e.g. certain manufacs. In the utility menu the user can set the

information about the network company.

System Setup
T = T :
-. )
Y A . ] I -Xi

Cable types
Prokective devices Earthing system Calculating From -

‘‘‘‘‘

T i* TN-C-5 Origin of inskallation 7
Utility g Distribution hoard | System voltage ]
1T TS Point of delivery B He] o
:JJ € DC # Transformer
~¥olkage drop
‘Warninglevel for tokal [5] 4 E

‘Warninglevel for distr. boards — [%] 2 _jl

I Use sum of load currents

Cancel

Figure.16. Febdok system setup, Installation menu

When setting the installation data, the user igpespd to set the data to correspond to the
most common plants that are going to be dimensidundider on. This data can however be set

just as easily when a new installation is created.

“Use sum of load currents” should only be choserth# user has full control of the
simultaneously used loads on the departures from ®witchboard. Otherwise Febdok
calculates voltage drops on the basis of the mattedoad. In the application menu the user is
recommended to tick the box “default prefix forceitt 1d’s” if certain circuit Id systems are

followed. This makes it faster to name the Id’sath departure.
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5.2 Drawingin Febdok

When a new installation is created, the instalfatidformation window appears. Febdok will
suggest the standard settings for the installafibese settings are the ones that have been set
in the system setup window (figure 16). The paramsetnust be set to correspond to the

electrical installation as it will be realized.

Febdok can dimension the installation based onpamnyt where the short-circuit currents are
known. If there is one point with known SC currentgalculate from origin of
installation/distribution board/supply point” shdube chosen. However, if the installation is
to be calculated from a transformer, “calculaterfrvansformer” is chosen. The SC currents
at the transformer will now be calculated basedhentransformer data. Multiple transformers
can also be chosen.

The first distribution board is adjacent to themidicalculate from”.In this menu the type of
distribution system, phases’ mutual arrangementag&set. It should be noted that this is the
data at the first distribution board. Selectiongdeat this point may limit the alternatives in
possible sub-switchboards further on in the instialh.

There is also a “load data” box in this menu bét libed data doesn’t have to be set at this
point. It is more practical to return to this memhen each single load has been determined.
When one or a few departures are being added &xiating plant, the first distribution board

load can be set based on e.g. the main fuses’ cateents.

5.2.1 Febdok toolbar

The toolbar (figure 17) is very distinct and does meed any further description. The diagram
is drawn by clicking the symbols in the toolbar. &dha new device is added to the diagram, a

setup window for the departure appears.

‘-, Installation Metwork Documents/reports Regisker  Setup  Windows  Help

woAk || DS @ L L b | @A 0 Gy y & @ B

Figure.17. Febdok toolbar
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The departures to choose between when drawingi#lggagh are listed below. When new
departures are created the parameters for devickgled in the active departure must be set.
Departure settings are e.g. load, cable and protedevice properties, method of installation,

additional protection or other additional devices.

L New distribution board
I1 New grouping
= New branching node
+ New connection node
® New motor
7 )

New variable load
0

New fixed load

@ New distributed load (street light) circuit

ATy . .
New control circuit

i

New spare circuit

5.2.2 Transformer and UPS

When a new departure is created the user can ctiooadd a transformer or UPS to the
departure. Transformers can be used in the departarchange the voltage level, eliminate
upstream disturbances or for electric insulatione TUPS (uninterruptable power supply) is
used in places where the electricity must be maiatheven when the network voltage is
interrupted.

B =

Figure.18. Transformer and UPS symbols
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5.2.3 Thesingle-linediagram

The diagram is drawn by selecting a switchboardrouping, and adding the departures from
the toolbar. The single-line diagram takes formnew departures are added. The drawing

cannot be manually customized in any way.

The layout is shown in the screenshot below (figlB® Some notes have been made in it to
describe the symbols. Distribution boards are shiovthe main window. Departures from the

active switchboard are shown in the window on tgktr

= FEBDOK - [Installation: Febdokd ; SystemTN-G-S; SES 600:2007]
“5 Instalation [estwork Documentsfreports Register Setup Windows Help -a

wR| DS SEH@w | L fied|ahro gl B & @ w

SUPPLYPOINT @

101 102 HEE
632196 3R1g6 38196

MEHK 3625HE | Ko HCHK 3625061 ki G4 @
s @ S0m .

[ &

e 7

2040

£ m)l;‘-‘j

o)

@ Upstream network and first distribution board @ Variable load departure Z
@ Distribution board Variable load departure
(3) Distribution board (9) Fixed load departure (lighting)
@ 63A fuse grouping Motor departure
@ RCD grouping ® Control circuit departure
@ Grouping departure (25A MCB + 30mA RCD)
< ) x

Press FL for help

Figure.19. Febdok layout

5.3 Calculation results

Information about cable current carrying capacittage drops and power losses is shown in
the cable menu. Current carrying capacities areecbamn conductor cross-section area,
conductor material, cable type, method of installgtambient temperature, closeness to other
circuits and heat resistivity of the surroundingl go earth cables. Current carrying capacity
calculations should always be done to the leastuieable conditions. The minimum cross-
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section area concerning the current carrying c@pasichosen by Febdok by eliminating

too weak cables from the cable selection field.

Whether the voltage drop is within limits is calmt@ld when the cable for each departure is
chosen. A warning message will pop-up if the vatalyjop exceeds the warning levels set.
The cross-section area will not be changed autealbtj but the user can choose to increase
the cross-section area in order to decrease thiageotrop. Max cable/busbar length refers to

the allowed max length of the conductor in questeamsidering the voltage drop.

Current carrying capacity [a]

Load current, Th [a]

Yoltage drop

To load [%6]
To last distribution board [&%] 1,14
Along cable/busbar [%%]

Max cablef/busbar length [A] m
Yoltage at load terminals [v] m

IUn Far the load [v]

Losses in cablefbusbar [w]

Figure.20. Febdok cable menu

531 I/t menu

In the I/t (current/time) menu data about the pttem device of each departure can be
viewed. Short-circuit currents seen by the protectievice are displayed in this window. The
SC currents displayed are the maximum SC currdrttseabeginning and end of the line and
the minimum SC current at the last point of theuwir The screenshot (figure 21) displays a
single phase load. In three phase load departm@smum and minimum three and two phase

SC currents are also displayed in this window.
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Aside from the short-circuit currents Febdok cadtes for how long cables can withstand
the short-circuit currents, and verifies however grotection device disconnection times are
fast enough. The Let-through energy and breakipgaty of each PD are verified by Febdok

as well.
PD data Faulk current seen by PO [kA] Disconnecting times [s]
PD k25212
Ref. designation | |
Breaker class me
rManufacturer ABE
Breaker Uit
Marinal current [a]
Trping s ' R | 5o | 2o |
Trippinglinit Isclp max end m
Isc1p min m 0,797

Breaking capacity [ka] E B

Max length For
electromagnetic release [m]

Cable current carryving capacity

Click in the fields above to see the Faulk locations

Figure.21. Febdok I/t menu

5.3.2 Commentson the calculations

When drawing e.g. socket outlet departures, ibisise drawing any other than the one at the
end of the circuit, since the maximum short-cir@utrent always appears in the beginning of
the conductor. This is where the voltage drop amtimum short-circuit currents are least
favourable. On the other hand if a complete sitigke-diagram is desired, every device might
be wanted in the diagram. This is a problem witbhdek. The drawing process becomes very
clumsy and the documentation does not look good.

However, if the maximum load decreases along trauitior the user wishes to decrease the
conductor cross-section area, the new connectide departure can be utilized. This makes it
possible to choose a new cable after each terrmmatoint (e.g. junction boxes or socket

outlets). With this type of departure a diversiygtbr should be used.
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54 Febdok documentation

Since only the demo version of Febdok has beensatte, the documentation procedure
couldn’t be looked into any further. However, adearoject documentation done in Febdok
has been studied. What should be mentioned abeuteult of the calculations is that the
documentation is very distinct and everything isgeinted in a logical way. The only thing

that wasn't impressive at all was the looks ofghmgle-line diagram.

The documentation includes a cover, address infaomasupply point data, a single-line
diagram, a list of devices, a table of cables, mspof fault currents and fault messages,

calculation results and a discrimination analysis.

6 Other alternatives

In this chapter alternatives for dimensioning eleatircuits are briefly presented. Beyond the
ones mentioned here there are numerous other altesa. Some component manufacturers
have their own calculation softwares, e.g. ABB Dbtany of these resemble each other
significantly and therefore they are not all presdnThe other alternatives are not included in

the evaluation of the benefits and drawbacks (&rapt

6.1 My Ecodial L

My Ecodial L is a calculation software by Schneig&ctric. It is quite similar to both ABB
Doc and Febdok. Even though it hasn't been examamgdfurther, a “quick tour” has been
studied and the impression indicates that My Edddia very user friendly. The software is

free and can be obtained from Schneider on request.

The diagrams are drawn with ready macros by “drajcaop”. The macros resemble the ones
in ABB Doc. Although it doesn’t have as much funatilities as Doc it seems a bit easier to
use. My Ecodial L is not able to calculate MV puatien devices nor UPS systems. (Electrical

installation & energy efficiency, 2010, online)



38

Since My Ecodial L hasn’t been looked into thordyginy detailed evaluation cannot be
made. But it is considered to be one good altera@mong numerous others. The reason why
it has not been studied any further is becauseat¢omponent manufacturer calculation tool
such as ABB Doc. Doc is more complete and therefbrie a better alternative for the
employer. My Ecodial L should however be kept imdhimaybe not as the only calculation
tool, but perhaps as an alternative for those wharderested.

6.2 Calculationsin Microsoft Excel

Microsoft Excel is a good software for most caltiolas. This is why it is listed as an
alternative for the dimensioning of electrical aikitions. To make a complete calculation tool
in Excel would probably take a very long time, Bugimple version can be made in just a few

hours if you are a skilled Excel user.

There are simpler approximations to the formulasented in the theory chapter (chapter 2),
which are significantly easier to work with in Exdéan the ones mentioned above. The
guestion is whether the customer approves suclogjppations. At least in MV calculations
they won’'t measure up for the regulations.

Calculations in Microsoft Excel can be used, esgdbcfor simple calculations in small plants.
Most computer users have Microsoft Excel instatiadheir computers and have some kind of

knowledge of the program.

The biggest drawback with calculations in Exceh@wv to gather and present data about
devices. To make a database similar to the oneginFebdok would take ages. In practice it
means that after calculations are done the usetdwmave to go through numerous device
datasheets to study device properties, which i th@re consuming.

To my employer this alternative might not be vetiragtive. A more standardised way of

documentation is preferred. In extensive plantgoitild definitely not be user friendly.
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7 Benefits and drawbacks

The main goal set by the employer was to find autation tool that is easy to use so that all
project engineers would be encouraged to use thitnway the project planning time can be
shrunk and the engineers have a distinct documenttd provide their customers with. The

choices are made after considering what programsdiguit the employer’s needs the most.

Every calculation tool has its pros and cons. Theans that finding the best one is more
about finding the best compromise for the emplsy/@eeds. In this chapter the benefits and

drawbacks for the software’s are listed.

7.1 Benefitsand drawbacks of ABB Doc

ABB Doc is very rapid to use, but it takes someetita learn all the functionalities. It feels
very up-to-date and the single-line diagram loodsy/\professional and distinct. Doc is able to
calculate MV components and it seems more focusehaustrial use. The MV calculations
might be useful for my employer, although that wiasequired in the beginning. However,
Doc is not able to calculate DC circuits, whiclaiso very important for the employer. On the

other hand DC calculations are quite easy to dodmyg or in Microsoft Excel.

When drawing in DOC it is enough to select whaetypf protection devices and cables shall
be used. When the loads have been determined ¢éheas simply click the calculate button,

and the cables and protection devices are dimesdiantomatically. However, when it comes
to voltage drop and selectivity, the user mighten&y choose some devices manually. Too

high a voltage drop is indicated by a warning mgesa

There seems to be some bugs in ABB Doc thoughesincrashed a few times during the
work. Especially when trying to make changes upsiréen the diagram problems may occur.
Some problems that occurred were solved by redgauina different way. But for some
problems it was very difficult to figure out theasmns. If the user can manage by only using

the macros, problems will seldom occur.

In general ABB Doc is a very useful tool. It hakgof functionalities and setup possibilities.

It is very rapid to use once it has been learnedragblem with Doc is that its device database
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covers only ABB devices. This might seem quite obsi but it is a problem for the

employer who is using components from several giffemanufacturers.
ABB Doc benefits:

* Rapid to use

» Complete and professional looking single-line dsagr

* The curves module is good

* MV calculations and devices
ABB Doc drawbacks:

* No DC calculations

* Some bugs

* Limited to ABB components

7.2 Febdok benefitsand drawbacks

Febdok is a calculation software which is easys® and very fast to learn. It is a versatile and
distinct tool when it comes to dimensioning electeircuits. The ability to calculate DC
circuits is useful for the employer, since manycuait breakers and disconnectors are

controlled by DC motors.

Febdok has a huge database with more than 10 G8parents from different manufacturers,
in relation to ABB Doc which is limited to ABB praodts. It also has a database over outdated
components, which can be useful when working osteg old circuits. The device database

provides a great advantage over the other progrésase looked into.

Febdok is, however, not able to calculate MV dewvjaehich is a definitive drawback. It also
feels a bit old, although Febdok has been usedarwhly for more than 15 years. Several

updates have naturally been made, but still it dboésel particularly up-to-date.
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Bugs or errors were not found in Febdok, which migk a result of many years of
development. However, one thing that was notedwan a new connection node departure
was used with 16 A fuses, and from that conneatiotle four other connection nodes were
created to form a chain of e.g. socket outlets. [dhd current of each socket outlet was set to
16 A, the total current of the departure seen atdistribution board was, 5x16 A or 80 A
altogether. In practice this is not possible sitiee departure fuse has a rated current of only
16 A. This can be corrected easily by using thesdity factor, i.e. if you have 5 socket

outlets the diversity factor should be 0.2.

Thus, when using Febdok most components must beechmanually and the electric loads in
each switchboard should be observed so that thvendp&ant corresponds to reality; even if a
calculation software is used to dimension electiicstallations, professional common sense
should always be used. On the other hand it wam'alproblem once the program is learned
properly and these minor faults are known. Nonthefprograms that were looked into in this
thesis worked entirely automatically, meaning thialy the load would have to be set and the

program would choose the rest of the devices autoatiy.

My conclusion is that Febdok is a great program donensioning electrical installations.

Documentation is very complete and distinct. Ondtieer hand the single-line diagram is not
complete enough for my employer’s needs, but Fel®lakgood complement to e.g. Autocad
for project documentation. According to an article&Sahkoinfo 2/2008, a property for moving
information directly from a CAD-program to Febdakunder development. (Tiainen, 2008b,
online) If this property becomes available in théufe, Febdok will be even more attractive

for those who plan electrical installations.
Febdok benefits:

» The extensive device database

» Ease of use and fast to learn

» Distinct documentation

» Calculation of DC circuits possible

» Verification of selectivity is simple
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Febdok drawbacks:

* Feels a bit old and the single-line diagram doddauk very good
* No MV calculations (but this wasn't required either

* You have to choose most components manually

8 Result

The goal with my thesis work was to find a caldolatsoftware that is simple, rapid and
versatile without compromising on accuracy. To g®one software is very difficult since
they all have different qualities. The goal waslézide on only one calculation software, so
that it can be used as a standard calculation guweeln the evaluation | didn’t only look at
the requirements set in the beginning of this mtojesince | also found other useful

functionalities during my work.

Considering user friendliness Febdok has an adgardaer ABB Doc. It is a bit easier to use,
but most of all faster to learn. ABB Doc has maradtionalities and settings which makes it
more versatile, but it doesn’t have the functiayaio calculate DC circuits, like Febdok has.
ABB Doc is the only one of the two that can caleall®V plants. This is the biggest

difference between these two softwares, as reghndstionalities. They seem aimed at
different areas considering this fact. DC calcolasi were listed as one of the important
functionalities, and MV calculations were not. Whaking the importance of DC circuits in

outdoor switchgear into account, Febdok is mortabie for the employer.

ABB Doc was considered a bit faster to use thandékbThe devices are chosen more
automatically than in Febdok, where basically ev@ngle device has to be chosen manually.
This might be a result of the huge device datalméideebdok, and of the fact that there are
several different manufacturers to choose betwé&lea.conclusion of this is that seen from the
device diversity point of view Febdok is more veitsa This is the biggest advantage over

ABB Doc, which is limited to only ABB devices.
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The verification of selectivity is done in similavays in both programs but it is more
distinct in Febdok, whereas the curves module @isethe verification of selectivity in ABB
Doc is more versatile. The content of the docuntemtas very similar in the two softwares.

The single-line diagram looks more professionahBB Doc.

When the properties of both programs were summed ngached the conclusion that the
calculation software | am going to recommend toemyployer is Febdok. The reason why |
chose this software is that it is very user frigrahd still versatile. It is very easy to learn and
| believe that the project engineers will find iseful in the dimensioning of electrical
installations. The great device database is alecobthe main arguments that | have based my
decision on. Additionally Febdok is the only caktion software | have looked into that meets
all the basic requirements, which after all doegehgreat importance for the final result of my
thesis work. The current version of Febdok is 20ahd possible software and device updates

are included in the user license.

9 Conclusion and discussion

9.1 Concluson

When | was first given the assignment | had a gded about how the assignment should be
carried out. | began by searching the internetditierent alternatives, in order to get a view
over the product range on the market. When | hademg my mind about what softwares |
wanted to study further, |1 sent questions and reguto the suppliers in order to acquire
further information. At this point I still hadn’'t ade up my mind about how to present the

softwares in my thesis.

One thing that was very clear to me from the begmmvas how to present the theory behind
calculation procedures. The basics were found witharoblem in electrical installation
handbooks and the SFS 600 handbook. Calculatiocedues of short-circuit currents took
me many hours. | studied extensive |IEC-regulatiansrder to sort out the calculations that
are relevant for my assignment. The calculationmgfedances was the most time consuming
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operation. However, once this was sorted out it @&/ to see the big picture and then the

calculation procedure became very clear to me.

The presentation of calculation softwares was fynatitten parallel to the testing. | chose to

present the softwares by systematically going tiinolmow calculation results are approached.
| found this a good way of giving the reader araidéhow the calculation softwares are used.
During this stage | also formed my opinion abowt benefits and drawbacks. | had to try to
keep the presentations short and focus on the teasentherwise the thesis could easily have
become too long.

The result of the thesis work is my opinion abotmick calculation software can be utilized
best in project planning for my employer. The doat been reached: based on my results my

employer will be able to choose a good softwardHeir needs.

9.2 Discussion

An examination like this can be done in many wayshose to deepen myself into the
softwares that seemed most interesting. Another wayld have been to look into a greater
number, but that would have been done more supdlyicMy opinion is that the result is

more credible with more thorough studies.

If 1 should do a similar examination again, | wowddend much more time planning the
approach. 1 think | would have saved a lot of tinyemaking up a schedule at the beginning
and trying to stick to it. Another thing that | wdwo is spend more time on the theory, before
even beginning to examine calculation softwares.

However, the result was achieved and | believeviehgot a good view of how calculation
softwares should be utilized in the best possildg.wW could still test the softwares in more
extensive plants and compare results and the tonsurned, to get an even better foundation

to base the results on. | would also consider tholy several softwares in the final evaluation.
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Refer ence methods of installation

Reference method of installation A

- Isolated conductors in an installation-pipe mednt insulated wall.

- Multi-core cable mounted in insulated wall.

- Isolated conductors in an installation-pipe mednn installation strip.
(Suomen Sahkdurakoitsijaliitto ry, 1995, p.314)

Room

Figure.l. Method of installation A. (Handbook EN,#D07, p.27-30)

Reference method of installation C

- Multi-core cable fixed to the wall.

- Single-core cables fixed to the wall.

- Multi-core cable in stone constructions.

- Single- or multi-core cables mounted in an opewentilated channel.

- Multi-core cables in channels or installationgspn an open space or in contact with a
brick wall (the values should be multiplied by 0,8)

(Suomen Sahkdurakoitsijaliitto ry, 1995, p.315)

H =
L) L
H .. -
HHE

Figure.2. Method of installation C. (Handbook_E#f,(2007, p.27-30)
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Reference method of installation D
- Multi-core cables in channels placed in the grbun
- Single-core cables in channels placed in thermgtou
- Single- or multi-core cables mounted directlyhe ground.
(The current carrying capacity table (table 1)asdd on a ground heat resistivity value of
1,0 k m/W and an installation depth of 0,7 m.
(Suomen Sahkdurakoitsijaliitto ry, 1995, p.315)

FH FEEEEEEFEREERED
e S
iz I = i

Figure.3. Method of installation D. (Handbook_ EWNF2007, p.27-30)

Reference method of installation E

- Multi-core cables in overhead installation.

(Free distance from wall at least 0,3 times theneir of the cable).
(Suomen Sahkdurakoitsijaliitto ry, 1995, p.315)

Reference method of installation F

- Single-core cable in overhead installation

(Free distance from wall at least one cable diarpete
(Suomen Sahkdurakoitsijaliitto ry, 1995, p.315)

Figure.4. Method of installation E or F. (Handbo&N.pdf, 2007, p.27-30)
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Current carrying capacities and correction factors

(Table 1. Conductor current carrying capacity table

Different installation ways according to SFS
Conductor nominal 6000
cross section (mm?) A | C | D | E
Cu
15 14 18,5 26 19
2,5 19 25 35 26
4 24 34 46 36
6 31 43 57 45
10 41 60 77 63
16 55 80 100 85
25 72 102 130 107
35 88 126 160 134
50 105 153 190 162
70 133 195 240 208
95 159 236 285 252
120 182 274 325 292
150 208 317 370 338
185 236 361 420 386
240 278 427 480 456
300 316 492 550 527
Al
16 43 62 78 65
25 56 77 100 83
35 69 95 125 102
50 83 117 150 124
70 104 148 185 159
95 125 180 220 194
120 143 209 255 224
150 164 240 280 260
185 187 274 330 297
240 219 323 375 350
300 257 372 430 404
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(Table 2. Correction factors of overhead cableshéf temperature differs from 25 °C)

Environment Correction factor
temperature (°C) PVC insulation PEX & EPR insulation
10 1,15 1,11
15 1,10 1,07
20 1,05 1,04
25 1,00 1,00
30 0,94 0,96
35 0,88 0,92
40 0,82 0,88
45 0,75 0,84
50 0,67 0,79
55 0,58 0,73
60 0,47 0,68
65 - 0,62
70 - 0,56
75 - 0,48
80 - 0,39

(Table 3. Correction factor depending on surrourgdground temperature)

Ground Correction factor
temperature (°C) PVC insulation PEX & EPR insulation
0 1,13 1,10
5 1,09 1,06
10 1,05 1,03
15 1,00 1,00
20 0,95 0,96
25 0,90 0,93
30 0,85 0,89

(Table 4. Correction factors concerning ground hessistivity)

Heat resistivity, K m/W 0711012152025 30
Correction factor 1,10|1,00|0,92|0,85|0,75|0,69| 0,63

(Table 5. Ground heat resistivity values)

Ground type Heat resistivity, K m/W
Dry sand (0% humidity) 3,0

Dry gravel or mud 15
Semi-dry gravel, svamp mud and sand (10%

humidity) 1,2
Semi-dry mud and humid gravel 1,0

Humid mud and sand (25% humidity) 0,7




(Table 6. Correction factors concerning other ngadables or current circuits)
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Placement (cables are
touching)

Number of current circuits or multi-conductor cables

2

3

4

5

6

7

8

9

12

16

20

Bundle in air, on a
surface, immersed or
inside a case

1,00

0,80

0,70

0,65

0,60

0,57

0,54

0,52

0,50

0,45

0,41

0,38

In one layer on the wall,
on the floor or on a non-
perforated cable shelf

1,00

0,85

0,79

0,75

0,73

0,72

0,72

0,71

0,71

In one layer attached
directly under a wooden
ceiling

0,95

0,85

0,72

0,68

0,66

0,64

0,63

0,62

0,61

In one layer on a
perforated horisontal or
vertical cable shelf

1,00

0,88

0,82

0,77

0,75

0,73

0,73

0,72

0,72

In one layer on a
ladder, on a support or
on fasteners

1,00

0,87

0,82

0,80

0,80

0,79

0,79

0,78

0,78




APPENDIX 3

Generator technical specification

PERFORMANCE DATA

Main standard IEC 34
Rated power factor 0.8
Insulation class H
Temperature rise H
Ambient temperature 40 °C
Altitude over sea level <1000 m
Cooling/Protection ICOA1/IP23
Mouniing arrangement IM 2105 (IMB34) (one bearing, SAE flange, coupling disc, normal feet)
Weight 125 kg (with SAE 5-7.5)
Inertia 0.13 kgm
Direction of rotation
(Facing drive end) cw
Maximum overspeed 2250 pm
Winding pitch Two thirds (2/3)
Stator winding resistance 0.577 Q per phase at 20°C series star connection
Rotor winging resistance 0.796 Q at 20°C
Ex. Stator winding resistance 11.30 Q at 20°C
Ex. Rotor winding resistance 0.172 Q at 20°C
Total Harmonic Distortion THD<3.5% at no load operation or rated Linear balanced load
Voltage regulation 1 %
Cooling Air 0.06 m¥'sec
Telephone Interference THF <2% TIF<50
Speed 1500 rpm 1800 rpm
Frequency 50 Hz 60 Hz
Voltage series star 3ph. 380/220 400/231 415/240 440/254 415/240 440/254 460/266 480/277
Voltage parallel star 3ph. 190/110 200/115 208/120 220127 208/120 220127 230/133 240/138
Voltage series delta 3ph. 220 230 240 254 240 254 266 277
Voltage parallel delta 3ph. 110 115 120 127 120 127 133 138
Rated continuous output 18 KVA 19 kVA 19 kVA 18 kVA 20 KVA 21 kVA 22 KVA 23 kVA
Rated efficiency 81.32% 81.76% 82.33% 83.43% 82.48% 83.12% 83.5% 83.83%
Xd(u) 1.998 1.903 1.768 1.49 2.233 2.086 2.000 1.92
Xd(s) 1.729 1.628 1.494 1.225 1.957 1.817 1.728 1.642
Xg(u) 1.033 0.984 0.914 0.77 1.155 1.079 1.034 0.993
X'd{u) 0.391 0.373 0.346 0.292 0.437 0.409 0.392 0.376
X'd(s) 0.355 0.339 0.315 0.265 0.397 0.372 0.356 0.342
X'd{u) 0.265 0.252 0.233 0.194 0.298 0.278 0.265 0.254
X'd(s) 0.241 0.229 0.212 0.176 0.271 0.253 0.241 0.231
X'qglu) 0.192 0.183 0.17 0.143 0.212 0.188 0.188 0.182
X'qg(s) 0.175 0.166 0.155 0.13 0.192 0.18 0.172 0.165
X1{u) 0.108 0.103 0.096 0.081 0121 0.113 0.109 0.104
X2(u) 0.18 0.171 0.159 0.134 0.199 0.186 0.178 0.171
X2(s) 0.163 0.156 0.144 0.122 0.181 0.169 0.162 0.155
X0(u) 0.027 0.026 0.024 0.02 0.03 0.028 0.027 0.026
Xp(s) 0.127 0.121 0.113 0.095 0.142 0.133 0.128 0.122
SCR (short circuit ratio). [r0/Xd (u) 0.58 0.61 0.67 0.82 0.51 0.55 0.58 0.61
s=saturated value, u=unsaturated value, values are p.u. at rated voltage and power
Tdo' 0.581s
Td' 0.049 s
Td" 0.00049 s
Ta 0.0058 s
CE-Marking Generator fulfills the requirgmems of Low Vo\tlage Directive (2006/95/EC)
Generator supplied to EEA-area will be CE-marked
Document identification Lang Rev.ind. |Shest
ADD , 2
FRIPEP ABB Generators Ltd. SAMG 5855421 en | B
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