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1. Object and aim
The document collects exercises for DOCWin2.0 users, to be used during learning session.
2.Cable sizing
2.1. Drawing
- Click with the left mouse button on the low-voltage cable symbol in the objects toolbar
- Click with the left mouse to draw a low voltage cable in the drawing
AWCE
[
1
2.2. Object data
- Double click the already drawn cable to open the property sheet
- In the first page insert the following data:
Name UM
Description not
M
Reference standard for the thermal sizing IEC 60364 M
Maximum allowed voltage drop 2 % not
M
Lenght 25 m M
Insulating material EPR M
Conductor material Cu M
Max. allowed temperature under load condition accept the Standard value °C M
Max. allowed temprature under short circuit condition accept the Standard value °C M
Overhead
Disposal method On unperforated trays
Distance <= 2 cable
diameters

UM: Unit of mesaurement
M: mandatory
notM: not mandatory
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Cable -WC2 - General data x|
Description Irn_l,l cable
— Calculation method
[ Thermal dimensioning in compliance with IIEE80384 j
Iv Maimurn allowed voltage drop |2 [%]
¥ Pratection coordination =
[~ Economic dimensioning haurs/year I _——
— Cable
5 — Shiort circuit
Length [m] |25 Tmax [T |an hert e |250
ISingIe-che j -
[EPRA<LPE A o A
— Method of inztallation
IDverhead j 7
IDn unperforated trays j
2
IDiStance <=2 cable diameters j ?
Particulars... | tethod of 12
< Back I Mext > I Cancel

method only controls are active.

Click on ‘Particulars’ and insert the data required in the window below. Related to the selected disposal

Set to 3 the adiacent circuits hipotyzing that they have a cross section similar to the cable to be sized.

Installation details

MHumber af trayz

MHurmber of
adiacent circuits

Murnber of conduits

page of the cable property sheet.

Click ‘OK’ button to close the installations detail window and click on ‘Next’ button to open the second

Name UM
Ib (load current) 250 A M
-to activate the control click on ‘Used’
cosphi (power factor) accept the default value M
Oversizing factor 1.1 M
- the cable will be sized for Ib x OF
Ambient temperature 35 °C M
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Number of phases LLLN (three phase with
distributed neutral
Ditribution system TN-S
All the PE data accept the default values M

UM: Unit of mesaurement
M: mandatory
notM: not mandatory

Cable -WC2 - Circuikt

Calculated

v Uszed

b

|25|J

CosPhi I

B =
|n.:a

Cwerzize factar [k]

IEREL

—Ambient data

Bioand Iﬁ
fér:n?:iz?;tun.a I35 [Tl
| ] mkw

Yoltage Frequency
400 = | [+¥] |5|:| v'I [Hz] ™ Room with fire danger
— Phazes — Diiztribution zpstem
" LLLM 1T
£ LLL i TN-C
&+ TH-S
CLL CAT>TT
LN CATSTH
—PE
Type I Insulated conductor j
Cu |~ #LPE/EFR j Length |25 [m]

< Back I Besultz > I

Cancel

- Click ‘Results’ button to read the third page of the cables property sheet.

- Use the control ‘Proposed’ to change the solution with another valid solution
- Use the ‘Chosen’ control to verify an already existent cable

- Click on the ‘At working temperature’ to switch between K2S2 at working temperature and K2S2 at

maximum allowed temperature under load condition.

- Click on ‘Carrying capacity correction factors’ to read the effect of the sizing criteria on the carrying
capacity given by the Standard in normal condition (30°C; no adiacent conductors ...).
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2.3. Results
x|

— Phazes = ~Meutrsl——— v PE Y -
Propozed |1 %150 j ] I'I S IE'E [rarr] IEIE [mrre]

Chosen [oooe" el | [1 =] % [95 =] mne]||[95  [mne]
Ix35
— Further resul 3 # 25 — K252 v At working temperature

Rezizstance [R] IS_EH B [mObm] || Phasesz at T |5|3+|:||:|E= [42s]
Reactance [#) |2_2EIEI [mOhm] || Meutral IEE+EIEIE [&Ez]
lzc IEED.E'I [&] FE IE.EE+EIEIE [&2=]

v IEI.4E [%] — Shart circuit curents
R I [k&]
Power losz I?‘I 524 []
kirirum I [kas]
Temperature 565 ['C]

Dretailz... |

! ul =3

Carrping capacity correction factors. ..

< Back I Finizh I Cancel

IEC60364 x|

— Corection factor

Ambient temperature 095742 [Kta]

&djacent conductors |0.73 [Kadia]

Soil thermal |-|
rezistivity [sl]
Tatal ID.?EEEE
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3. Size and protect a cable
3.1. Drawing
-U1
U |wef=400v
LLLM /TT
Supply
‘é_j -0F1
lv - circuit breaker
Vo WG
4
v - cable
-1
L
load .
3.2. Objects data
3.2.1. Plant data
Name UM
Rated voltage 400 V M
Distribution system TT M
Phases LLLN M
Earth resistance 10 Ohm M
3.2.2. Utility
Name UM
LLL Ik 15 kA M
LLL Ik power factor 0.3 M
LN Ik 6 kA M
LN Ik power factor 0.6 M
LPE Ik 6 kA M
LPE Ik power factor 0.6 M
3.2.3. Circuit breaker
Name UM
Standard Industrial application
Neutral Protected
Breaking current Icu
lcw Not needed
Impulse withstand voltage 6 kv
Protection against indirect contacts RCCB
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3.2.4. Cable
Name UM
All accept the default values
Length 40 m M
3.2.5. Load
Name UM
Rated current 350 A M
Rated power factor 0.9 M

3.3. Calculation and release setting

Short circuit current calculation according IEC 60909-1 required.

Cables impedances at working temperature (for the minimum short circuit current calculation).

Calculation performed at 10ms only for all the fault types.

Automatic protection link allowed.

After the calculation set the electronic release with the following parameters.

Electronic relay: -QF1 S5N 400 PR211-LI R400

L (Long time): Settings:
I (Inst.) Settings:

Curve: D

-u1

Yref =400 %
LLLM #TT
PIf = 220 kW
Q=107 kvar

-0OF1
S50 400 PRZ11-LI R400
RCO

WCH

Fx(1 %2400 +1 x(1x1201+1 G120
M Cu

d% =063 %

b =352.4 A

[z=3700 A&

L=40m

-L1

Sr=242 80 kWA
Cosphi=0.290
l[r=350.0 A
LUF = 100%
dv' =07 %
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Time current curve LLL
lkmin=11.8kA |kmax=15.0kA

1E4s \
JQF1 \-WCl
1E3s
N
100s \

NN

0.1s
1E-2s
0.1kA 1kA 10kA
Specific let through energy curve LLL
1E5MAzs
1E4MA?s \

1E3MA2s ]
100MA2s
10MA2s
1MA2s

1kA 10kA 100KA

3.4. Printouts

Print a single line diagram showing the time-current curves and the let through energy curves;
Print a report for the cable and the CB using the native format and exporting the information using the rtf
format.
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x|

Printing of drawing

Settings I Example for fit paper to page - done
r Prirt Q" T * [ * [ * [ 1" | T T  E I
 Frint window Bick | ] ™
First corner: |'1 0.00. -10.00 | S
Second comer |1 0.00.10.00 i I
O Frint in §CEI|E * ': I ll“l |l|
- ] | S|
unlt = oh paper e e
il i I 1 O ] |
[ - = , N 01 I A
y | e LN LGRS I
origir: i, .
|n.nn, 0.00 Fick »» | = T o ——

Frirt I Cancel | Apply |

Code 1SDA008321R1

Description  S5N 400 PR211-L1 R400

Current Ib 352,4 [A]
Relay: Electronic

Rated current 400 [A]
Function L: On L= 0,90 t= D

Function I:  On I =10

Residual current relay
Code 1SDA037393R1

Description RCQ
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List of circuitbreaker=s

Circuit -GFA
Code 150A008321R1

Dezcription SEN 400 PR211-L1 R400

Fated witage 400 [

Tempergura 40 [FC]

Current b i ]

Relay: Bectronic

Fated cument 400 [

Fated magnetic curment 4300 [

Settings of thermomagnetic relay

Themmnal setting ]

Preload ]

lgnetic etting ]

Settings of electronic relay

Function L:  On L= 0A0 += 0

Function 5:  Off 5= = Zone salectivty

Function |: On I=10

Function G:  Off G= = Zone salectivty

Function LR:  Off LR=

Function U:  Off

Rezidual cument relay

Code 150037393 R1

Description RCO

Settings H= 0 A
t= 0 El
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4. Discrimination
4.1. Aim of the job
- Size the cables
- Choice appropriate CB
- Set the releases to have discrimination between the CBs
4.2. Plant drawing
J \-l"-'r;f = 400
LLLM f TH-Z
é_j -QF1
oo AWCH
it -B1
*  -oF2
-L1
Y ]
Vo WC2
it
L2
L
- Use the command ‘Renumber’ to give to all the object the same sign in the figure.
- Load L1 is representing others switchboards that we do not need to size in detail in this project.
4.3. Object data
4.3.1. Plant data
Name UM
Rated voltage 400 V M
Distribution system TN-S M
Phases LLLN M
Earth resistance 10 Ohm M
Calculation according to IEC 60909 (k)
IEC 60364 (cables)
IEC 60947-2 (CBs)
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4.3.2. Utility
Name UM
LLL 1k 15 kA M
LLL Ik power factor 0.2 M
LN Ik 15 kA M
LN Ik power factor 0.2 M
LPE Ik 3 kA M
LPE Ik power factor 0.6 M
4.3.3. Circuit breaker QF1 and QF2
Name UM
Neutral Protected
Breaking current Icu
lcw Not needed
Impulse withstand voltage 6 kv
Protection against indirect contacts Instantaneous function
4.3.4. Load:L1
Name UM
Rated apparent power 350 A M
Rated power factor 0.9 M
Utilization factor 90 %
4.3.5. Load:L2
Name UM
Rated apparent power 70 A M
Rated power factor 0.9 M
Utilization factor 100 %
4.3.6. Cable: WC1
Coble WE1 - Genal dos 2 EOEEETTEE x
DET:: e | Cobuliad [ Used ol
7 Them cinersicring 1 cumplance vt EEETa— CONCE T T
% Maimm aliosed volags ciop T Lol 05 T || | e ETN
'P_ Frntaction, cocedinafion B'=I T TN BT ki [ =] e
Ecovomic: dimeraioni houredpear
o ! :J Volags Frequercy
s |’- 0 = 0 g1 =] Hel [ Rcam wih e danger
Short ciicu .
ool & Tewre [0 [E] Tt [ _— oo
| Srgw.cone = [ ‘ & LLLK (
h&l" L1 Ll
[EFLLPE 0 Jw = = TN
Iaihad of na akslion g : ; |
| Dverhead = -
| 0h petovated vaps | =
|Hevizaiel fekzzarc e o2 ol cinmeters] =] Ty Jirmdeted corducten =z
T — Vel 6 13 fou =] NLFEJEPR 7 Leagth 25 [m]
Eack: I el = I Carce| ] < Back I Amniks = I Cseel ]
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4.3.7. Cable WC2
. ~Anibiank d=l
n;‘:“m_“ . | Cabeulind [ Used e

clsion mel )
= Tl pmes s s [T = LI T |
W Marimim sloved vollage dioo 4 £ CicaFe |D.H I:IZ - '::::::h.m |_2‘:' [
¥ Prection cocrdinaion EJ CGveszmfeom bl [T kb | 25 7| ]
™ Ecovemic divensicnirg Pt —_— : )

Wollages Freguercy
- Catle  ET i1 =] [Hel [ Rcan with i danges
Lo Shal crcuit L 1L

gl [35 Tmaure] S0 T"ﬂlﬂlﬂ - Phezer Distibuion zyziem

|snga-coie = & LLLW i~
[l TN
|EFRHLPE =l jou =] = TH
Methvod ol inslalalin : : o
H T-TH

Ilnlheg'aur-d _;I
[t 2 e mecharical prnisction = [
[025m =l Troe | Irmdste d corguchor |

Fallcuss.. Malhod al B3 . oo =l [slpeserm =] Leewcth |35 [m].

< feck Hewd Coeel | <fect [ Beeies | Caen |

4.4. Calculation and results

Activate the ‘Automatic discrimination link’ option in the second page of the calculation property sheet.
Be careful with this option when more than 4-5 CBs are present in the project: the calculation time can
increase a lot.

U1

U |vref=400v

LLLM f TH-5

PIf= 243 ki

QIf =117 kvar

-QF1
‘.E" SaM 400 PRZ12-LEI R400

v WCH
(11 500+ (1 85)+ 1585
E XLPEJEFR G4
dv = 0.73 %
Ib=388.04
£ |z= 4547 A -B1
L=25m Of = 1.00 ]
Vo= 3971y
"k LLL = 12,6 kA

QF2
= T1B 160 RED L1
Sr= 24250 KVA
L |cosphi=0.90

Ir=3a00A
UF = 80%
dv = 0.7 %

vOWC2
(1B +1 G 16
HLPEIEFR Cu
dv = 1.42 %
lh=71.54

Lo z=79.0A
L=39m

12

St = 48.50 KVA
L |cosphi=0a0
[r=70.08

UF = 100%
d =21 %
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The figure below (accessible from the QF1 property sheet) illustrates that QF1 and QF2 may ensure the
dicrimination value requested by the user:

- Requested value : Full

- Short circuit current at QF2 (downstream CB) : 12.6kA
- energy discrimination ensured by the combinaion : 30kA

x

Select downztream CB

LD | Level[ka] | Ik[kA] | Mas[ka] |
[V OF2  Ful =128 @

Cancel Pick >

The user can print a report like the following documenting the discrimination value

Discrimination links

Upstrearn circuit-breaker OF1 550 400 PRZ12-LS| R400

Downstream circuit-breaker OF2 T1B 1650 R30

Reqguested discrimination level Full [kA]
Effective discrimination leval 30.00000° [ka)

The time-current diagram demostrates how to reach the energy discrimination value using appropriate

settings for the electronic release.
Note that the L function of the electronic and thermomagnetic releases are automatically setted by the

program.
Try to change the S threashold: if the protection against indirect contacts is not satisfactory, you will receive
a warning message.
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Time current curve LLL
1E4s \ lkmax=15.0kA
-WC1
-QF2
1E3s
100s \\\ \\\\'QFl \
10s \ \\ \
\\
1s \\
0.1s
1E-2s |

Electronic relay:
L (Long time):
S (Short time): t=const

Thermomagnetic relay:
LT:
INST:

0.1kA 1kA

-QF1 S5N 400 PR212-LSI R400

Settings: 1 Curve: B

Settings: 4 Curve: B
-QF2 T1B 160 R80

Settings: 71.5395 [A] Preload:

Settings: 800 [A]
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5.Short circuit current calculation in a meshed, high
voltage plant
5.1. Plant drawing
-
U [ipe e
-B2
-1 Ry
z
] -B3
] -3 J_ -Z4
Z L
] -B4 "|' B
1 = | =
-L1 -2
L z - L
Bl T -B5
Bl
-L3
:
L4
L
5.2. Object data
V, Phases Distribution system Ik 3 cos?3
Utility 20kV LLL IT 100 kA 0.15
A [kVA] Cos?, UF(Utilizatio factor)
L1 100 0.85 1
L2 150 0.80 1
L3 2500 0.75 0.8
L4 350 0.90 1
RI[?] X[?]
Z1 0.01 0.015
Z2 0.1 0.1
Z3 0.02 0.015
Z4 0.2 0.2
Z5 0.14 0.1
Z6 0.2 0.3
z7 0.1 0.1
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6. Circuit breakers curves at 690V

DOCwin allows the user to draw the CBs curve at all the voltages.

The figures below illustrate a symple net at 690V, the specific let-through energy curve of the choosen
breaker and the same curve at 400V.

To obtain the second curve select all the object at the same time and apply the ‘Properties’ command.

U1
U |[vref=so0v
LLLM / TN-S
PIf= 91 KW
Qlf = 44 kvar

Specific let through energy curve LLL

100MAzs

-QF1
E" S3H 160 R100
10MA?s K

1MAZs Vo -WC1
Ll 1161616
I, H~LFE/EFR Cu
L dV =056 %
0.1MA2s lb=5841A
/\/ £ z=880A
. L=20m
1E-2MA2%s
-L1
Sr= 10000 kWA
L | cCosphi=090
1E-3MA2s Ir=83.7 A
UF = 100%
dV =060% |
0.1kA 1kA 10kA 690V
Specific let through energy curve LLL
100MA2s
10MA2s k
1MA2s
0.1MA2s /I/
1E-2MA?s
1E-3MA%s

0.1kA 1KA 10kA 400V
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7. Transformers Taps using
7.1. Drawing
Sec.: LLLN/TN-S
-B1
-B2
7.2. Object data
7.2.1. Plant data
Medium voltage level:
Name UM
Rated voltage 20000 V O
Distribution system IT O
Phases LLL O
Low voltage level
Name UM
Rated voltage 400 V 0
Distribution system TN-S 0
Phases LLLN o]
7.2.2. Utility
Name UM
LLL Ik 15 kA ®)
LLL Ik power factor 0.3 O
7.2.3. Transformer
Name UM

All

accept the default values
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7.2.4. Circuit breaker
Name UM
All accept the default values
7.2.5. Cable
Name UM
Length 100 m O
All accept the default values
7.2.6. Load
Name UM
Rate apparent power 350 350 kVA | O
Rated power factor 0.9 0

7.3. Calculation

Run the calculation accepting the default settings:
Once the calculation is finished the under load voltages are:

?? atthe busbarB1 386.1V
?? atthe busbarB2 3785V

The voltage drop at the load is 5.4% of the rated voltage.
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U1

U | vrif = 20000 v
LLL /1T

P = 325 kW
Q=176 kvar

-TM1

Vn2 = 400 V

—/ Sn =400 kVA
Sec.: LLLN/ TN-S

-B1

Fc=1.00

V =386.1V
-QF1 I"k LLL = 9.5 kA
S5N 630 PR212-LSI R630

(o

-WC1

6X(1x150)+2x(1x95)+1G150

PVC Cu

dVv =1.90 %

Ib =533.9 A

Iz =550.0 A -B2

[ =100m Fc=1.00
V=3785V
I"k LLL = 7.8 kA

11
Sn = 350.00 kVA
L. | Cosphi=0.90

In =505.2 A

FU = 100%

dV =5.4%

7.4. Setting of the taps transformer

Open the dialog box of the transformer, click on the checkbox ‘Taps’ and insert the following data:

Name UM
Upper limit 5 %
Lower limit -5 %
Step 2.5 %
Tap 2.5 %

Lock the transformer by the padlock.

! The taps typical values of a tranformer MV/LV are ? 5 % step 2.5 %. With these it is possible to obtain the
following no-load voltage on the secondary of the transformer 380 — 390 — 400 — 410 — 420 V.
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2 windings Trafo (-TM1} x|

2 windings Trafo |

- Model— ()

[Cast Fies. Distr. Transf.My-Ly 20000/400v 400KVA <Browse datcbase_ |

o A I Triohass » Add to database |

ey o=

— Prirnary — Secondary
Winding IStar j I Star-grounded j Switchboard j
Rated voltage 20000 <] M faon =] m
Tap [25 v 2] | ¥ Taps
Idpper lirnit m [%]

Fhase number LLL i ILLLN 'I Lawer limit 5 +| 1z
Diistribution system IT x ITN'S 'I Step oE ~| 1
Rated power 400 T | [kA] Drescription I
Yook £ =[]
Losses m [%] Help.. Grounding resistance I'I [&4]

o]

Cancel

Run the calculation accepting the default settings.

When the calculation is finished the under load voltages become:
?? atthe busbar B1  396.2V
?? atthe busbar B2 388.8V

Now the voltage drop at the load is 2.8 % of the rated voltage.
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Emission
page: 22/22
-U1
U | vrif = 20000 v
LLL/IT
P =325 kwW
Q =175 kvar

-TM1
@ Vn2 = 400 V
—/ Sn =400 kVA
e Sec.: LLLN / TN-S
-B1

Fc=1.00
V=396.2V
-QF1 I"k LLL = 10.0 kA
S5N 630 PR212-LSI R630
-WC1
6X(1x150)+2x(1x95)+1G150
PVC Cu
dv =1.84 %
Ib=519.7 A
Iz =550.0 A -B2
[ =100m Fc=1.00
V =388.8V
I"k LLL = 8.2 KA
-L1

Sn = 350.00 kVA
L | Cosphi=0.90
In=505.2 A

FU = 100%
dvV=2.8%
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