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Trefasig vaxelriktare
- Normalt ansluts inte neutralledaren

(b)

(a)

Y B
(e)
Figure 15.7. Three-phase VSI inverter circuit:
(a) GCT thyristor bridge inverter; (b) star-type load; and (c) delta-type load.
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Trefasig vaxelriktare
- Six-step

T b vﬁ i n n PR — R
T . > -—
T .4
: l | . : : : " g Ts ﬁ T \-» Y
——k
T, | . [ Ve . - e R
1 ' ' . ' . Conducting P Vs [
T T s switehes pr—
“ ; . I . 1 T Ta \1 T2 \§ T g B
Ts ] : . T v, e oV -
y t a
L
J ] + t - y Figure 15.8, A three-phase brigge inverter employing 180° switch conduchion with a resishive load!
i 1o 100 1 o 01 0o {a) the bridge circuit showing T, Te and Ty conducting (leg state wg 1= 110); (b) circuit voltage and
Van l ¥y ] a current waveforms with each of six sequential output voltage vectors identified; and
+ _I % J_ — fc) phase voltage [o hne voltage conversion mailrix,
* l . Line.to-line
Ver | I y —I I = load voltages
'{Vm Vav —Vay

Line- to-neutral
load voltages

Ve Vi Vs Vy Vi LF]

(b)
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Trefasig vaxelriktare
- PWM

Triangular carrier R reference B reference ¥ referonce
’ y

(b}

fel

Figure 15.17. Naturally sampled pulse-width modulation waveforms suitable for & three-phase
bridge inverter: (a) reference signals: (b) conducting devices and fundamental sine waves; and (c)
one output line-to-line voltage waveform.
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Modulation av trefasomvandlare
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Figure 2.18: Den undersdkta omvandlaren
(styrd likriktare ansluten till trefasnatet)

0 5 10 15

20
1 [ms]

Figure 2.19: Barvagsmodulation med
sinusformiga (svart), symmetriska (gra) och
bus-clamp (ljusgrd) spanningsreferenser.

Modulationsindex:

ui,ref

® V. /2

dar

I=a.,b,c
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Spanningsgrans for dvermodulation

_ ‘ui,ref‘ <

For att undvika 6vermodulation: ‘ma‘—v /2_1
dc

Grans for dvermodulation vid sinusformiga referensspanningar:

Vv :
_ “dc X _

Grans for dvermodulation vid symmetriska referensspanningar:

|
Uiz ref max = ﬁ

Grans for dvermodulation vid bus-clamped referensspanningar:

1
Uiz ref max = ﬁ

V4. dir i=a,b,c

V4. dir 1=a,b,c
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DM Overtonsinnehall i utspanningen
- Motsvarar overtonsinnehallet i huvudspanningarna

400 .
= 300} Uj =Uj, —Uj, dér 1,]J=a,b,c
= 200¢
<= 100} | -

R | | 0

400
> 300}
= 200f _

:E 100}
0 il JIL A d

400 - - -
> 300}
= 200}

:3 100t JL
0 alleealie. A,

0 100 200 300 400
l

Figure 2.20: DM utspanningsspektrum for sinusformiga (Gverst),

symmetriska (mitten) och bus-clamped (nederst) referensspanningar vid
barvagsmodulation. Grundtonsfrekvensen &ar 50 Hz och spektrum visas
som funktion av overtonsordning, h, dar 1 betecknar grundtonsfrekvensen. [5/~
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CM Overtonsinnehall i utspanningen
- Motsvarar overtonsinnehallet i nollféljdskomponenten u,

400
300 F
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0 . L 1. 1kt L
400
300 F
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0N '™ ” " |
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li
Figure 2.21: CM utspanningsspektrum for sinusformiga (6verst),
symmetriska (mitten) och bus-clamped (nederst) referensspanningar vid
barvagsmodulation. Grundtonsfrekvensen &ar 50 Hz och spektrum visas
som funktion av évertonsordning, h, dar 1 betecknar grundtonsfrekvensen. [ 5/~
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Overtonsinnehall i utstrommen
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Om omvandlaren har
oandlig impedans till jord
(nollfoljdsimpedans) sa
far man stromspektrat
genom att skala DM
utspanningsspektrat med
impedansen

Z| = JohL

Figure 2.22: Utstromsspektrum for sinusformiga (6verst), symmetriska

(mitten) och bus-clamped (nederst) referensspanningar vid
barvagsmodulation. Grundtonsfrekvensen &ar 50 Hz och spektrum visas

som funktion av dvertonsordning, h, dar 1 betecknar grundtonsfrekvensen. [/~
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Vektorer | trefassystem (1)

p A p i
2%
3
1 o
47 L 4n
e e

Figur B.16. Referensriktningar och enhetsvektorer (vanster)
Vektorn S och dess komponenter (hdger).

2 A
_ ] J? J?
S=5,+ Sz =K s, +5,€ ° +5.€

k=2/3 kallas Park-transformation (amplitudinvariant) : Gy
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Vektorer | trefassystem (ll)

B

B

k—

1\
w5

~
c)))
N

Figur B.17. Stiliserad bild av lindningarnas férdelning i en
tvapolig trefas vaxelstrémsmaskin.

i2x s
=S, + S5 =K| sy +5p€ 7 +5.8 7

v

k=2/3 kallas Park-transformation (amplitudinvariant)
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Vektorer | trefassystem (lll)
- Effektinvarians

Konstanten k kan valjas godtyckligt!
Effekten tecknas:
P(t) = Ug (D1, (1) + Uz (1)1 5 () = Uy (DI (1) + Up (D)l (1) + U (Dl (D)

Dar

2r Ar
5 i s 3
S=5,+ S5 =K/ Sy +s,8 ° +5c€

ger:
0, —k>u, L=k,
2 och < 2
IRE R P
Uﬁij(Ub—Uc) Iﬂ=k7(lb—lc)
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Vektorer | trefassystem (1V)
- Effektinvarians

Foregaende galler forutsatt symmetri, dvs
U, (t) +u,(t)+u.(t)=0
L, (D) +i, (D) +i. (1) =0

Effekten blir:

PO =K (U Ola (0 Uy Oy (0 + U, Ve (D)

For att man ska slippa skalfaktor pa effekten (dvs
transformationen ska vara effektinvariant) sa galler

ska k valjas:
K= |2
3
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Vektorer | trefassystem (V)
- Effektinvarians

Alltsa galler for effektinvariant transformation:

27 A
N ; 2 J? J? 3 |
S=S,+ 1S5 = 3 S, +S,6 ° +5S.€ = 5saﬂﬁ(sb—sc)

Effektinvariant Effektinvariant
trefas = tvafasomvandling tvafas = trefasomvandling
f 3 ( 2
Sy =+|=S S :\/:Sa
) a \/;a a 3
1 1S =—LS +LS
sﬂ:ﬁ(sb—sc) b =" Jgoa T Rk
1 1
SC Z—ESa —ﬁsﬂ
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Vektorer | trefassystem (VI)
- Amplitudinvarians

FOr amplitudinvariant transformation (k=2/3 ) géller:

2 A
. . 2 J? J? 1
S=Sa+jsﬂ=§ S, +S,€ ° +S.€ :Sa+1§(sb_sc)

Amplitudinvariant Amplitudinvariant
trefas = tvafasomvandling tvafas = trefasomvandling
S, =S, Sa =S¢
<
! 1.3
sﬂ:ﬁ(sb—sc) 18 =78+ S
5. = — s —ﬁs
C 7 a 7 p

p(t) = Uy ()i (1) + Uy ()i (1) + Ug ()i (1) =%-(ua<t>ia<t>+uﬂ<t>iﬂ<t>)
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Vektorer | trefassystem (V)
- Koordinattransformation

En vektor S som uttrycks i t.ex gf-koordinater enligt ovan kan
uttryckas i1 vilket annat koordinatsystem som helst (x,y)
genom att utféra en koordinattransformation, se nedan.

BA

Figur B.18. VektornS i olika koordinatsystem.
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Vektorer | trefassystem (V)
- Koordinattransformation

Antag att vinkelskillnaden mellan de bada koordinatsystemen
ar 0. Da kan vektorn s uttryckas i af* eller xy-koordinater,
markerat med Overindex, genom foljande arrangemang:

sV =5, +js, =57 )0 =
= (S, + JSg)(cost — Jsin b)) =
= (S, €080 +S,sin0)+ J(Szc086 -5, sinH)

dvs

Sy =8, 080 +5,sind
)\ .
Sy =—S,sind+Sszcos0

E B cosd sinf@ | |S, _T S,
| Sy | -sin@ cos® Sp - Sy
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Vektorer | trefassystem (1X)
- Koordinattransformation

Omvant galler:

{Sa =8, cosf—s, sind
Sz =Sy siné+s, cosd

Sar | cosfd —sind | | Sy _- Sy
Sg |sin@ cos@ Sy - Sy

Lunds universitet / Lunds tekniska hégskola / Industriell Elektroteknik / PK




Vektorrepresentation ()

(0,0,0) (1,0,0) [110 (0,1,0)
oo J\T ! J\l ! J\L# ! Figure 2.23: Atta
T/olr T/Ir ﬂ ! f" ﬂ T/% 1 kombinationer ...
(LL1) (0,1,1) (0,0,) (1,0,1)
H | k[ | oo !
ASNE PR aENEN P aEaty PENEaS

0(0,1,0) 0(1,1,0)

0(1,0,0) = \EU 4c =—U(0,11)

2n

U(LO,O): 0(0,1,0)= \deC e 3 =-0(10,)

475

07(0,0,1) = \/iUdc e 3 = —0(1,1,0)
[7(0,0,0)= 0 = G(1,1,1)

G(0,1,1) =

0(0,0,0)

Figure 2.24: Spanningsvektorer
u(0,0.1) u(Lo.1 frn en trefas, tvdnivAiomvandlare
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Vektorrepresentation (Il

27 A
2 - | | ;
: af _ | 10 _
Rymdvektor: X = 3.|:)(a.e + X, - € 3 +X, - 3:|_Xa+JX,B

Xqg+ X +X. =0 = 1

1 1
Xo = Xa =7 %o == %
Xg + X+ X 720 = 3 | V6 6
Xﬁ:ﬁ(xb_xc)
Exempel: ( )
e, =6-cos(mt) . 3
ea: —-ea:
16, =€-cos a)lt—z?ﬂ = 12
e,=——(g,—e
p b c
e, =€-cos a)lt—%[ - V2
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Vektorrepresentation (lll)

Table 2.1: Voltage vectors used at wt=n/4. 4
Switch state Uy Ug .
000 0 0 150
100 \2/3 Ve 0
110 V6V  1N2Vy 2 d
11 0 0 tiow [ /X0
ITIII E;r-“ -L-I

Table 2.2: Convert ification. : d ve
able onverter specification Figure 2.25: The grld voltage vector

DC link voltage Ve 750V and the converter output voltage
Grid peak voltage € 325V vectors applied at o,t=n/4.
Grid frequency f, 50Hz
Switching frequency f, 5000 Hz U _\@_\@ 1 e t o= l_ Ui ref T
Line filter inductance L 1.7 mH iref = 2 T, ' ) Vi S
0 L9578 Ryt _go# vy _ Sy _gep _
dt
(AQ, 1 (1
sz(ua_ea) Alazi(ua_ea)At
JAt L o L
At LA cSr
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Vektorrepresentation (1V)
Modulation med sinusformiga referensvarden

FV/2 4 A~
ot=1/4 =
( S \\\K\ } - x,,.f’ I I N
1 T, 2T, !
Uaref = ﬁé =298V
v L \‘xf/’/ My
W3- -
q =—F—€6=84.1V
b,rEf 2\/\/? 0 1 1 11 1 I 0
3 + 1 0 0 1 11 1 0 0
uc,ref — _ é — _3 139 V 0 0 0 11 0 0 0
2\/5 Figure 2.26: Modulationsbarvag och faspotential
referenser vid o,t=n/4 vid sinusformiga referenser. Den
. i nedre delen visar de applicerade switch-tillstanden.
e, =— -
D) 3 V3
e, =, --€=—"-86
€, = V3-1 e = A ’ 2 2
i \/7 e, = L (e —e ) — ﬁ )
J3 +1 NG

e =—
S
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Vektorrepresentation (V)
Modulation med sinusformiga referensvarden

V I Uj et
Ui ref :i_i'ti < G=| - == ’Ts —
2 T 2 Vg
( 1 . ( I Ug ref
Uy ref =——=€=229.8V t,= —— }T =0.194-T.=19.4 us
a,re \/E a 2 i S S
\/5—1 I Up ref
1 U ref = —6=84.1V == ——— T4=0.388T,=38.8 us = -
22 2 Vg
\/§+1 I Uc ref
U ref ——6=3139V t.= —— T4=0.919T,=91.9 us
L 2\/5 2 VdC
Table 2.3: Current vector increase.
A, __(Ua e, ) At Switch state Al [A] Al [A]
) 000 -3.21 -3.21
_ 1 100 3.78 -3.21
Alp :E(uﬂ ~ep 110 0.77 7.77
111 -1.34 -1.34

Atyge=t,—0=
000™'a (2

Atjgo=tp—ta=

Aty o=t —tp=

A'[1 11 :Ts —t.=

1 ua,ref

T,=19.4ps
Vdc ]
ua,ref ub,ref

Vdc

ub,ref
Vdc

T,=19.4 s
Vdc j

uc,ref

T =53.1ps
Vdc J

j-TS =8.1p1s

Ug ref
N cre

1
2 dc

Figure 2.27:
Stromvektorer.
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Vektorrepresentation (V1)
Modulation med symmetriska referensvarden

u.
—\ﬁ_\ﬁtl <:> tlzﬁl— I,rEf ].TS :>

U =
i,ref 9 Ts Vdc )
u
C Atgoo=ts— (2 az ref jTS:13.8 s
(Uny ret 27185V |ty=| ———2rL |1, =0.138T,=13.8 s
2 Vi l"az ref sz ref _
U Atl()()_tb —t = .TS =194 Us
Ny o 12615V = = ——21 17203327, =332 s =
’ 2 Vdc ubz ref  Ucz ref .
Ugp ref =271.85V  [t= =~ |7,=0.863.T,=86.3 s
\ 2 Ve Aty =Tt [1 C”efJT ~13.8
111~ HSs
Table 2.4: Current vector increase.
Switch state Aig [A] Aig[A] n 4 Figure 2.28:
o h
Ai,, :E(u“ —e, At 000 98 298 Stromvektorer.
1 100 3.78 321
A = lug—eg 110 0.77 777
111 228 228
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N

Vektorrepresentation (VII)
Modulation med bus-clamped referensvarden

u.
_\ﬁ_\ﬁ.ti o tizﬁl_ uef]..l.s —

U =
i,ref 9 Ts Vdc )
Atggo=t, 0| ~——22r¥f | _275
) ( 1 u 000~ a ™ = 57y lg=</.0 U8
Uy, ot =168.7V  |t,=| —— 221 |7 20.275T,=27.5 us dc
’ 2 Vg B | Uazref  Unz ref _
Atl 00 _tb —ta = .TS =194 USs
_ . 1 ubz,ref . _ Vdc Vdc
Upy ref =23.0V = Jtp=| —— T =0.469-T =469 pus = -
’ 2 Vdc . . Ubzref  Ucz,ref .
Atl IO_tC —tb = .TS =53.1 Us
_ . 1 ucz,ref . _ Vdc Vdc
Uegrof ==3750V |t =5 | To=1.000.T,=100.0 s o
- ac Atm:TS—tC:(5+ ;‘;’ref ]-TS:O.O s
dc
Table 2.5: Current vector increase. iy A _
Figure 2.29:
[ Switch state Aigy [A] Aig[A] Stromvektorer.
Ai, =—(u, —e, )At
L 000 -4.55 -4.55
1 100 3.78 321
Alp =[(Uﬂ —ey 110 0.77 7.77 .
111 0.0 0.0
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