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Trefas AC (vaxelspanning) — Varfor ?

De viktigaste faktorerna som har format elsystemets
uppbyggnad idag.

e Transformatorn (fungerar endast for AC)

e Robust och billig motor ( med roterande flode )

o 3-fas effektiv 6verféring
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Beteckningar + enlinjeschema

large power station
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Komponenter | stallverket

Stromtransformator (CT)
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130 kV ledningar, med och utan topplina

Topplina: For att blixten skall sla dar
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400 kV-skenor, 400-130 kV transformator
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Transformatorer
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Kablar

| stallet for luftledningar i tattbefolkade omraden ( stader )

E
J M c
BMIL
PYG CORE 7
| DAL COPPER
JACKET ulTrﬂ:H TAPE SHIELD T
A
= CLASSH e
Y COMPRESSED

COPPER
WA conpucToR

- - - B
. EXTRUDED

GmOg T = e

' B e
CONTINUOUS GAOUND %, EFA m;l:LI:rém
ALURAIHUM | COMDUCTOR %, INSULATION =75
ARMIOR E o
FILLERS EXTRUDED

SEMICOMOUCTIMNG
THERMOSETTIMNG
INSULATION SHIELD

Problem vid langre energitransporter: En kabel ar en kondensator och
det blir mycket reaktiv effektproduktion
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Hogspand likstrom, HVDC

e 1000 - 3000 MW

e Langa kablar (t.ex hav)
e HOg verkningsgrad

e Utmarkt styrbarhet

e Dyrt med ac/dc/ac-omvandling

@

AC to DC DC to AC

Photo:www.abb.com
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ABB:s storsta order ndgonsin
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Nordel

« Kopplar samman Sverige, Norge,
Finland samt Sjalland vaxel-
stromsmassigt

« HVDC-lankar finns till Ryssland,
Gotland, Polen, Holland och Tyskland

* 400 kV hogsta spannign

1600 MW storsta enskilda
produktionsenhet

Transmission 400, 220 kV

* Regionalnat 130 kV

* Distributionsnat 70, 40, 30, 20,10 kV
* Kunder 400 V (Industri 10-130 kV)




Det svenska stamndtet omfattar kraftledningar
ftir 400 och 220kV med stdllverk, transformator-
stationer m.m. samt utlandsférbindelser for
vaxel- och likstrém.
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CHALMERS Figur 25 Sveriges elimport (+) och elexport (-), januari 2007 — december 2009
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Figur 9 Sveriges elhandel med andra lander 2010-2019, GWh/vecka.
Kalla: Veckostatistik Kraftlaget, Svensk Energi.
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Forbrukning

El kan inte lagras. Omvanling till andra energikallor for lagring
medfor forluster. Alltsa behdver vi kdnna férbrukningen fér att

planera produktionen

Vintertid hogre elkonsumtion i
nordliga lander, tvartom i varma

150 - Typisk hushallsférbrukning lander
% 10.0 +
g 501
S
0.0 &
2888888888888
S 88828 E2ENN

Time of Day
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Produktionsplanering

Pmax- -------------------------------------------------------------
Lastkurva

Topplast -
Gasturbin,
vatten, m.m.

I:,min _________________________________

Baskraft: Karnkraft, fossil forbranning, (vattenkraft)
i i i ’
0 6 12 18 24
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Elkvalité (Power quality)

230V / 50Hz * Spanning 6verhuvdtaget

* Spanningsniva (+6 — -10 %) normalt +2.5 %
 Spanningsfluktuationer = flicker (Pst)

« Overtoner

 Transienter

* Obalans mellan faserna
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Spanningshallning

Spanningen i elnatet styrs fran synkrongeneratorerna.

Hojs for langa transporter med hjalp av
transformatorer.

For lokal spanningshallning finns
lindningsomkopplingar,

vidare finns kondensatorbatterier for
spanningshallning pa hogspanningen.
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Frequency Control
 Tmek-Tel=J*dw/dt

 Tmek = mechanical torque of the turbine
* Tel = electrical braking torque from the generator
« J = Inertia of the rotation machines

« W = speed of the generator
= frequency of the electric voltage

« dw/dt=change in speed over time
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L arg e 1nt erferent S (FFR Fast Frequency Reserve+FCR-D Frequency Containment Reserve-disturbance)
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Frequency control with Primary and
Secondary control

Grid frequency (Hz) Inertia Support

L

Event

Nominal value ey -~~~ "~ === ==========sc======—g

(e.g 50 Hz in : :
Europe) : !
I i
E ’ i
e Primary ."F'Li Secondary !
I reserve : reserve -
: ! : >
: : : Time {min)
I : i
N - > € >
Stop the Get the

frequency drift frequency back
to normal
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Introduction Fregency servises

FCR-N = Frequency Containment Reserve — Normal
Automatisk reserv som stabiliserar frekvensen vid sma
férdndringar i forbrukning eller produktion

50.0
499 FCR-D = Frequency Containment Reserve — Disturbance
10.8 Automatisk reserv som stabiliserar frekvensen vid

' driftstérningar
49.7

aFRR = automatic Frequency Restoration Reserve

49.6 Automatisk reserv som daterstidller frekvensen till 5o Hz
49.5

MFRR = manual Frequency Restoration Reserve
Manuell reserv som avlastar de automatiska reserverna
och aterstdller frekvensen till 5o Hz

FFR = Fast Frequency Reserve
Ska stotta systemet vid lag
svidngmassa

Source: Power Circle

24
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FCR-N = Frequency Containment Reserve — Normal
Automatisk reserv som stabiliserar frekvensen vid sma
fordndringar i forbrukning eller produktion

Analytic Market PriCing FCR-D = Frequency Containment Reserve — Disturbance

Automatisk reserv som stabiliserar frekvensen vid
driftstérningar

EUR/MW SPOT PRICE 4TH JANUARY

70,00
65,00
60,00
55,00
50,00
45,00
40,00
35,00
30,00
25,00
20,00
15,00
10,00

5,00

0,00

—FCR-D FCR-N — Nordpool-spotprice
SE3

o] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
TIME OF THE DAY
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Sinusoidal Steady State

»-— — — — Reference
V= V&°

Source Load

(a) (c)

> W)

(b)
Figure 3-2 Sinusoidal steady state.
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Effekt x Tid ger Energi

For att kunna rakna ut hur mycket energi en apparat
eller lampa anvander eller ett kraftverk producerar maste
du veta dess effekt och hur lange de anvands.

Effekt mats i watt (W) och tiden i timmar (h).

Energi ar effekt multiplicerat med tid och mats |
wattimmar (Wh).

Elpriser anges ofta i kWh dar k star for 1000
1000 Wh =1 kWh
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Phasor Representation

J
I . | Y5l
b o i
e, Y Y\ s
It
+ - + -
VL vc
Al
90°
_] > ® 1 > ®
90° VL vV,
YiL

Figure 3-6 Phasor representation.
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Inductors

dat Average and RMS current and voltage?
1 Current stiff component
— j v dt

i, () /
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Three one phase system or one three phase system

.._
+ n — >
— >
Uy Y2 | + g [WU |17
UE
_ L —-— —1
-

One three phase
generators

Three one phase Three loads
generators

Half the amount of cabels
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Three phase current la(t) =1
i,(t) = —0.5
i.(t) = —0.5

Sum=0
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Three phase AC (voltage) — Way ?

e Transformer (works only for AC)

e Robust and cheap motor ( with rotating flux)
e 3-phase transmission

e Lot of energy in rotation machines
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Inductors
N Inductance Definition
Faraday’s Law:
dd From ®R =Ni -
e = N —
dt _ _ NNi N?
- T _jagaa [=3EeT
Definition of dt dt dt A
Inductance:
L =22 T
i

Undeland, Power Electronics
Figure 3-17, page 52
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Ampere’s Law

1, = mean path length
~N

A A A ~
/—_ —\
Airgap: H,
H \__._7____._4,
Core: H,
(a) (b)

Figure 3-10 (a) General formulation of Ampere’s law. (b) Spééiﬁc example of
Ampere’s law in the case of a winding on a magnetic core with an airgap.

* Direction of magnetic field due to currents

« Ampere’s Law: Magnetic field along a path
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Continuity of Flux-Lines

/’—-s\

— Al // > A2<—
7 N
/ A}
——f——> ¢, ¢, <€—p—
x 93 A

Figure 3-13 Continuity of flux.
¢1 + ¢2 + ¢3 — O
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Concept of Magnetic Reluctance

Mean path length [

Cross-sectional

area A
l Ni
Permeability p =12 *" =&

Figure 3-14 Magnetic reluctance.

* Flux is related to ampere-turns by reluctance
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Analysis of a Transformer

————— e = e
/ \
[ ¢ | .
3! L A ! 12
> 4 QY (Al -
+ 1 1P RIN +
: t ™T
vy N;( ! 1 *‘pn ¢12* Ly Ny vy
g I 1 _
- L] |
: \/, ‘\/ :
| |
¢1=¢+¢ll \\ _________ _’/ ¢2=—¢+¢12
(a)

Figure 3-18 (a) Cross section of a transformer. (!

« ul like to create a current
i1 create a flux B A e U O BV
@ Induce a voltage e1 Uoe ¢ e W




CHALMERS

Synchronous machine

1. Rotating flux in the stator

2. Stationary flow in the rotor (magnets or field winding)

3. 1+ 2 =force, magnetic fluxes interact Tm




Synchronous machine

Stator
3 windings (one per phase)

Rotor
» Electric magnetization
 Permanent magnets
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Synchronous machine
Rotating flux in the airgap

_a
L,

i

C
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« The stator has three windings offset 120 degrees from each other in the room
Each phase current creates a flow in the air gap offset 120 degrees from each
other in time

B (t,0) = Ki (t)cos(0) \ ’
B, (t,0) = Ki, (t)cos(6 —120 TR
B.(t,0) =Ki_.(t)cos(0+120 b

* The total flow in the air gap becomes

B, (t,0) = B,(1,0)+ B,(t,0) + B.(1,0)
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The flow created by the phase currents, for example for a time

Draws a vector for the sinusoidal flow, the vector shows

A the position of tllg)e(:er:lne;gr\um value of the flow B, =Ki,
A, | (=1,
Iy i,(1)=-0.51
P i (1)=-0.5I
- - Uy + ' *

i . a b C _

i TAYATS
ﬁa 0.51 4 ! , :
// _ O/ i I
ﬂ“ch.c fc 0.5 : \
0 0 6

0 20 00
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The flow created by the phase currents, for example for a time

Draws a vector for the sinusoidal flow, the vector shows

the position of the maximum value of the flow

= I/ta+

la

#

o>
ﬂ“a

Exempel:

B =Ki.
i (f)=-0.51
ib (t) — Im
i ()=-0.51
b ¢

200 400 600
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The flow created by the phase currents, for example for a time

Draws a vector for the sinusoidal flow, the vector shows

the position of the maximum value of the flow

= I/ta+

la

#

o>
ﬂ“a

B.=Ki.
Exempel: i (1)=-0.51
i,(1)=-0.51
i) =1,
a b

— e e e e e o = e == )

T /I

0 200 400 600
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Byap(t,0) = B, when 6 = wt

 le. the flow rotates counterclockwise with constant amplitude and with

speed : W=, <« Synchronous angular velocity

Rotating flux

Space vectors

s esultant B
m—— Phase A
2 Phase B
m— Phase C

80

180 f-----drm e ntee iy Ch b iR Rl b 0 A-axis

210

......

240 '
C-axis 270

e.umn.edu/users/riaz/animatio



http://people.ece.umn.edu/users/riaz/animations/spacevectors.html
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Phase A

Resultant

OBS andra farger!!

-0.5

Phase C

Space vectors

———————————————————————————————————————



http://people.ece.umn.edu/users/riaz/animations/abcvec.html
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Asynkromotor
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Components in a motor/generator

Terminal
Laminated core \ Ventﬂato
Bearing \ N- shield

Shleld >

L -
! ol -\

\ Stator frame

Rotor ™~ gtator winding

Shaft
AL IDED
ABB Motors l“\llll
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Grundlaggande teori

X Nar uppfanns asynkronmotorn ?

X Har den dndrat sig sedan dess ?
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Induction machine

Rotating flow as in the stator of the synchronous machine

Induced voltage in the rotor, U2 =s * U1,

Provides current depending on resistance in rotor I12 = U2 / R2

Mechanical rotation of the rotor gives the frequency in rotor current; f1 = f2 + k * n2
Flow from the stator goes together with the flow from the rotor

= magnetic field that cooperates

U1 = voltage in stator, U2 = voltage in rotor &U
R2 = resistance in rotor —r
f1 = frequency in stator

ns = speed of stator flux=synchronous speed SU
f2 = frequency in rotor —
n2 = mechanical speed

k = constant

s= slip of machine

s=(ns-n2)/ns
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Torque
f

Normal motor operation
No load operation

L
Mechanical speed

Normal generator operation
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Standard motor
M I

e ~ Mg x

M=Torque
[=Current

Torque curve
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LINDNING

HANDLINDNING

A IDED
ABB Motors AP

1999-09-03 MOT/MU PN
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Standard motors

112-132 @ ABB Motors ce ©
a I
ABB Mofors C€ 3 Motor M2AA 200 MLA 4 -
3~ Motor M2AA 112 M L F P ss [Eeser [EC 200 M/NL 5
3G AA 12 001-ADA “28 I F EEE
He. y —— . V_ [Hz [kW]/min] A Jcose|n/INE/s
Z| min kW cos ¥ 690 Y |50 [30 1475325 lo83
380-420 A |50 | 1435 4.0 89 | 080 400 A 150 130 1475 56 083
660-690 Y |50 | 1435 4.0 51 | 080 660 Y |50 |30 1470 |34  10.83
440-480 A 60 | 1435 4.6 8,6 0,81 380 A |50 30 1470 159 083
415 A 150 130 1475 |54 1083
440 A 160 135 1770 159 083
6206 27/C3 4 6205 27/C3 27 Kg Prod.code 3GAA 207 001-ADA
N J
6312/C3 4m 6210/C3 [180 Kg
& EC 34-1 &
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K\\

W Soft starter
)

C ]

]
NSNS TS
I

Active during
starting/connection
of induction generator.

Short circuit after

B .

4‘ 1 connection
e)
2
T N\
g 1 oMo [ ||Ii ﬁ'- AN
8 0 n M M |h|l 'rlllrll'l J | | | | | 1 | l Il\ 1‘1 / ’\\ fﬂ'k J: /4
e TV WWW W W LI YRR RAAYA Y,
s U T N \/ Y
2 4 | : . -
O 44 15 Time(s) 1g¢ 17 1.8
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Tryristor symbol

Thyristor

Revers blocking — negative voltage
Forward blocking — no trigging signal
Forward conducting - trigger signal+ positive voltage
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The Thyristor

A
on-state
i ° A off-to-on
A Reverse Reverse (if ig pulse is supplied)
breakdown blocking region
1+ > <€ >
G / VAK ) v
o_/_ . AK
__> off-state
l
N o K Forward
breakdown voltage
. . R
- Basically a diode that breakdown voltage
can be turned on. A
* Does not conduct }Sm

when forward biased
unless a current is

applied on the gate 7 N e

te rmina | Reverse blocking Forward blocking

Undeland, Power Electronics
Figure 2-3, page 18


Presenter
Presentation Notes
The thyristor is a four-layer, three terminal semiconducting device, with each layer consisting of alternately N-type or P-type material, for example P-N-P-N. The main terminals, labelled anode and cathode, are across the full four layers, and the control terminal, called the gate, is attached to p-type material near to the cathode. (A variant called an SCS—Silicon Controlled Switch—brings all four layers out to terminals.) The operation of a thyristor can be understood in terms of a pair of tightly coupled bipolar junction transistors, arranged to cause the self-latching action:
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Simple Thyristor Circuits

* The thyristor can be described
as a diode that you can turn on

« The current keeps on flowing
until it reaches zero where the
thyristor turns off

Undeland, Power Electronics
Figure 6-2, page 123



Presenter
Presentation Notes
-Controlled Vdc
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Three-Phase Thyristor
Rectifier Delay a=60°

. .
. .
treeee”

uba uca ucb

esetes, ettt
ot Y o* .

ubc

PEXE TN PETE N
o te "

ab uac
FEE AR TN

I
I
e—! !
I
I

. .
tresent

ol-
.
. . 1
o o
.
S50
S
- 0‘1'0 . - . . . - . . .
o

- . . .
ot % e e .

. . . . . . . . . .

tessent I fresent AR T A $eeaect fesaent

I
I
I
1
4“ L e
S| 1 l ]

R R

+ e e e e

.
.
.
.

S ot

N I | '

oocctolnc

sessressranens

ssssessersreresse

) Undeland, Power Electronics
Figure 6-20, page 139
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Why 60 degree 
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The IGBT

* A bipolar junction transistor with an insulated gate that facilitates
the control of the component

iC iC

A A
? -
i ; <o
Go— 0 > VCE 5 T » VCE
Off
E
symbol iv characteristics idealized characteristics
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The IGBT

* A bipolar junction transistor with an insulated gate that facilitates
the control of the component

iCEi ¢

+
VCE

lE > VCE

Equivalent

circuit when
conducting Simplified i-v characteristics
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Three phase inverter

o = {5 Az

Matning

riktare| —T—
oftast elndt med ‘{ /\ ‘< /\ ‘{KZS

1 eller 3 faser

Load
t.ex Zlast Z last] VA last
asynkrornmotor | | |
lastens nolla



http://people.ece.umn.edu/users/riaz/animations/inverter3phase.html
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Three-Phase Inverter
Square Wave Mode

UAN

A

Tas |
Ve |
0 — - Wit
|-<——180°—'-l

VN

‘ f——180°———]

Tp,
Ty-

0 B - WL
Uen

A

Tes Tey

0 TC_ = w1l
VAB

\ )

ULL
\ 1
.)G 4 |Vd N /l_
N e - w1
0 \ 7 = Wl
1 //
N p
{_—'

Ex . Show which switch is on at various time intervals

Undeland, Power Electronics
Figure 8-24, page 230




current will become positive and an

-Phase Inverter
PWM Operation With RL-Load

Three
» Ifan RL-load is applied the sourc
active power will be consumed.

0
i4
Lu
2
-
<
I
O



CHALMERS

Diode rectifier

Diodes
AC/DC-rectifier
Used together with synchronous generators

Ide
o
Iac i k T + Sp()le

+O—P——
Uac
[ ¥ S
>

3-phase power- DC-voltage
voltage direction
,’,A \ Uac--- SN TN NN Udc---
. } Iy — ASIANANAN | e —

SN -
!
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