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i‘f’g}m S This is a typical 3-phase inverter as described by Ranit
- = Sengupta in this video which is inspired from this IEEE
?}m By paper, Design and Implementation of Three-Level
) o Space Vector PWM IP Core for FPGAs. The reference
C e voltages are set to 230 V rms at a 50-Hz frequency.
i) e The inverter’s switching frequency is 30 kHz and the
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. ,:s‘.‘i;c‘f.:."j’*""‘=““‘“="m=“‘=“"‘=“’ dc rail is 800 V. A 100-ns deadtime is inserted
between the complimentary switches, S;-S; and S,-S,.

' ""&3\ ’“’E i% - This left-side schematic is an open-loop version of an
inverter (there is no control of power) where the
= f ot e e " phase currents are not monitored. Three ac sources

MT_% impose the modulating waveforms to the circuit.
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This is the modulation section with a 30-kHz 0.5-V
triangular carrier authorizing 100% duty ratios.
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Magnitude of the reference vector to be synthesized

B1
V=(sqrt[V(alpha)** 2+V(beta)**2))*{K1}

Angle in radians Angle in degrees

B2
V=({atan2(V(beta),V(alpha)))*180/pi

B2
V={atan2(V(beta),V(alpha}))
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Sub-region 1-4 determination
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V=If( (V(m1)<0.5 ) & (V(m2)<0.5) & (V(sum_m12)<0.5), 5,0 )
V=If( (V(m1)<0.5 ) & (V(m2)<0.5) & (V(sum_m12)>0.5), 5,0 )
V=If( V(m1)>0.5, 5,0 )
V=If( V(m2)>0.5, 5,0 )

V=IF (V

R1> <R2]

B12
V=TF ( (V(AngleD)>0) & (V(AngleD)<60), 5, 0 )

R3 > R4

Region 1-6 determination

B15
V=TF ( (V(AngleD)>60) & (V(AngleD)<120), 5, 0 )

In which sector does the

B13
V=TF ( (V(AngleD)>120) & (V(AngleD)<180), 5, 0 )

m2
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RS > <Ré]

reference vector lies?

B16
V=TF ( (V(AngleD)>-180) & (V(AngleD)<-120), 5, 0 )

B14
V=TF ( (V(AngleD)>-120) & (V(AngleD)<-60), 5, 0 )

B9
V=V(ref)*1.5/{Vdc}
This is the modulation index

Slopes calculation for
synthesizing the
timings t,, t, and t..

m2 calculation
B10O
V=(2*V(mn)/sqrt(3))*sin(V({thetas))
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B17
V=TF ( (V(AngleD)>-60) & (V(AngleD)<0), 5, 0 )

+™ B8
— ¢ V=V(mn)*(cos(V(thetas))-sin(V(thetas))/sqri(3))

m1l calculation
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B11
V=V{m1)+V(m2)



Thetas
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Angle relocation in sector |

Brings any angle from the reference vector to an

angle located in sector 1 - from 0 to 60° or O to pi/3
B18
V=If ({ V(R2)>2.5,V(theta)-pi/ 3, if (V(R3)>2.5,V(theta)-2*pi/ 3, If ( V(R4)>2.5,V(theta)+pi, If ( V(R5)>2.5,V(theta)+2%pi/ 3, if ( V(R6)>2.55,V(theta)+pi/ 3, V(theta) )))))

All calculations are done in sector 1, sub-triangles 1 to 4.

V={Tref}-4*V(mn)*{Tref}*sin(pi/3-V(ThetaS))/sqrt(3)

~
Depending where the reference vector lies, the angle is always
brought back into sector 1 by adding or subtracting n x 60°
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- V=4*V(mn)*{Tref}*sin(pi/3-V(Thetas))/sart(3) _/ v={Tref}-4*V(mn)*{Tref}*sin(V(ThetaS)+ pi/3)/sqrt(3) _ ) v=a*v(mn)*{Tref}*sin(V(Thetas))/sart(3)
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B29
V=4*V(mn)*{Tref}*sin(pif/3-V(ThetaS))/sqrt(3)-{Tref}

B31
V=2*{Tref}-4*V(mn)*{Tref}*sin(V(ThetaS)+pi/3)/sqrt(3)

Time table
calculation for t,,
t, and t,
depending on the
active sub-
triangle 1-4 or
region.

In this circuit, T
is the 20-ms of
the input
reference voltage
(50 Hz).
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Sectors and region waveforms

For a modulation index m < 0.75, the reference
vector crosses sub-triangles 1,5, 9, 13, 17 and 21.

If 0.75 < m < 1.15, the remaining triangles are
crossed, 2,3,4,6,7,8, 10, 11, 12, 14, 15, 16, 18,
19, 20, 22, 23 and 24.
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—R1 Gla —Gla
—R2 G2a —G2a
—R3 Gib —Gi1b
— R4 G2b —G2b
—R5 Glc —Gic
—R6 G2c —G2c

RS1 RS2 RS3RS4

i

| noticed that the
switching pattern
adopted by Ranit
Sengupta is half of
the duration
described in the
paper, keeping
identical switching
sequences though.
| did not
investigate the
reason and effects
further.
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B1
V=If (V(RS1)>2.5, V(ta)/4+V(tc)/4-+V(th)/4, Tf (V(RS2)>2.5, V(ta)/4+V(tc)/4+V(tb)/2, If (V(RS3)>2.5, V(ta)/4+V(tc)/ 2+V(th)/2, Tf (V(RS4)>2.5, V(ta)/2+V(tc)/4+V(tb)/2,0 ))))

Timing patterns to form the various + - 0 states (P N 0)
for sub-regions 1 to 4.

52a

B2
(—) V=If (V(RS1)>2.5, V(ta)/2+V(tc)/ 2-+V(th)/4+V(th)/2, If (V(RS2)>2.5, V(ta)/ 2-+V(tb)/2+V(tc)/ 2, If (V(RS3)>2.5, V(ta)/2-+V(tc)/ 2+ V(th)/2, If (V(RS4)>2.5, V(ta)/2+V(tc)/2+V(th)/2,0 ))))

s1b

B3
C—) V=If (V(RS1)>2.5, V(tc)/4+V(tb)/4, If (V(RS2)>2.5, V(tc)/4, If (V(RS3)>2.5, 0, If (V(RS4)>2.5, V(ta)/2+V(ic)/4,0 ))))
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(—) V=If (V(RS1)>2.5, V(tb)/4, If (V(RS2)>2.5, 0, If (V(RS3)>2.5, 0, If (V(RS4)>2.5, 0,0 ))))

52¢
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C—) V=If (V(RS1)>2.5, V(ta)/4+V(tc)/4+V(tb)/4+V(th)/2, If (V(RS2)>2.5, V(ta)/4+V(tc)/4, If (V(RS3)>2.5, V(ta)/4, If (V(RS4)>2.5, V(tc)/4,0 ))))
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T B4
C, V=If (V(RS1)>2.5, V(ta)/4-+V(tc)/2-+V(th)/4+V(th)/2, If (V(RS2)>2.5, V(ta)/4-+V(th)/2+V(tc)/2, If (V(RS3)>2.5, V(ta)/4+V(tb)/2, If (V(RS4)>2.5, V(ta)/2+V(tc)/ 2-+V(tb)/2,0 ))))
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These are the generators providing
the switching states for forming the
above pattern in sub-triangle 2 for

example.
SVl SV2 MV SVl Sv2’

Region 2: PPO-POO-PON-OON-ONN

<

Terminal
Voltage

Switching States

N OFF OFF ON ON -Vs/2

PPT from Ranit Sengupta


https://www.youtube.com/redirect?event=video_description&redir_token=QUFFLUhqbVpXc3R4WjhmY1RIZ21TUGdlVU91RlRxcVlOUXxBQ3Jtc0tseWY2NjJtMV9XZFRHZG0yaVItbWZ4dEJ4XzJBakw4Q0lQVTMxZ2pxNlpnZlAtTmdwQV83V0ZJdTN2Rno2RHh2akxiMlUyeHNEWGJRQXN5VkdPdHBKRGNzZ09pMlI3V0plZlpWc1VUOWRzLWJKRXdtYw&q=https%3A%2F%2Fdocs.google.com%2Fpresentation%2Fd%2F1EpOj6dxcCsucVj6Dxc8mOp6OiaeED-KK%2Fedit%3Fusp%3Dshare_link%26ouid%3D105435102740774518087%26rtpof%3Dtrue%26sd%3Dtrue&v=xolGGtl8PvQ
https://ieeexplore.ieee.org/document/4371544

These sources generate the voltages sent
to the pulse-width modulator to actually
determine each power switch duration for
phase a (G1/2-a), phase b (G1/2-b) and
phase c (G1/2-c).

Switch S; is complementary to S; with
some deadtime, while S, is complementary
to S,, also with added deadtime.

Typical
Vgar(t)  switching
signals

Vga2 (t)




Simulation results for V,. =800V, V=230V rms, F,, = 30 kHz
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Sub-triangle selection in sector |
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6 Sector selection
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N

410V

V(pc)-Vivo_2)

410V
246V
82v+

N
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T T T T T
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T
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These are the zoomed-in waveforms obtained for sector | and region/sub-triangle 2. They

match what the diagram shows in the video and the paper.

T
6.616ms
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This is the closed-loop version
of the inverter where the
input voltages and currents
are monitored for regulation
purposes. You choose the
level of injected power in
watts and the amount of
reactive power you want, with
polarity management
(capacitive or inductive
impedance). In this example,
the circuit injects 20 kW with -
8 kVARs of reactive power
from a 400-V dc rail.



Vi = 230V ms value Fiipe = J0Hz B, = 00602 kyy =101
1
t = 10ps, 20ps.. 40ms T = —
Fline
Pyy = 206W  total power P = —8kW (in VARs) L; = 300pH

Load resistance per phase

w = 2-m-Fy.
W= 2T Fine for a total of Pout

bi = Po _ 04 tangent phi is positive, inductive absorption: current lags V
tan_pht = Py T tangent phi is negative, capacitive absorption: current leads WV

v (1) = Vi f2-sinfwt)
V() = Vi 2-sinfuwrt — 120°)

v(t) = Vi [2 sinwt + 1209)

Bl Bl

5= Vims lms = \‘I Py + PQ‘
Jﬁ
Pus +Pg

AW 9 31.218A  rms current per phase

57

total apparent power per phase

3V,
Vi Equivalent ohmic value for rms current, inclusive of VARSs.
By = — =7367T02 This value is either purely resistive (VAR = 0) or a combination
Lims of inductive or capacitive components added to a resistance.

Ipea.k =L ey2= 441404 Peak inductor current per phase

Py = Vine Lo cos(4) Power in W related to cos phi

Po = Vims Tmssin( ) Fower in VARs related to sin phi

Sinusoidal signals

( Pw
W . Py )
3 = | |=2 c
Phi = acos| 3 : \pp = acos : 21.801
| 5‘.111 _,n' | PQ + P-‘-U _,.'
i 4
[ Pgp | _ ".
. ( P
Phi = asin —— gy = asin Q | = —21.801-°

ty = Jms sampling event

instantaneous values at t1:

‘.bltl:' = —162.633V

volty) = —162.635V

EIEI'.IE[P*QIRT.PQ:' = -—21.801-F

i(t) =

corresponding angle for time t1

sanity check

Vi 2-sinf wt — ) Vi 2-sinf wt — 120° — 5, V.

2-sinfwt + 120° - i)

(D) = i(0) = =

By By

These calculations are necessary to verify that the
programmed power levels in W or VARs with LTspi
what is expected.

By

ce, match



v, ()

A4

- 400 — 60
0 0.01 0.02 0.03 0.04
t
1 Tine
P = T J (6)-iy(f) dt = 6,667 KW Watted pow
line +'p
(e
Leng = T—J [ig() dr=31218A
line +'p

Piwiot = Py + Pp+ P = 20kW S =

‘.-’m-ﬁ- sin{ w-3ms) kQ :

x= - - = 1.077
‘i.-’m-\."i- sinf w-3ms — ;)

inlarns + Vin Torovas + Vi

wr LR = 2L3416W  (VAs)

-1 i v(lps) = 0 ~ i{1ps) = 0

1 if w(lps) =0~ i (1ps) <0

i1 \
5-w-ms — asin —-sin(3-w-ms) | = 21.801-° )
X J LQ= -1

p) 2 .
PQtot = kqy [Sio¢ — Pyyior = —SEW (VARs)

with g-axis alignment with alpha axis:

vy :=ﬁ:5m1d} h 1t1||+5m, i —2—t1h1t1}+51n, i +2 h 1tl|lt—39'53"2“-’
‘ ' . ‘ ! . ’ Y .

Vg = E.{cns{ d}VJ"‘"a{tl,l' + cns::: - ETﬂJ""b{tLI' + cns:::-d}v + ETﬂJ.vc{tL}J =0V

idi=ﬁ:5ﬂﬂd}|‘11t1|‘+5m~d} —2—t1b1t1||+5m,d} +2 tiitlH—J'I}l'I}-i--%.

iq:=ﬁicnsid> ||11t1|-+cc:|5 u:b —2—t1b1t1}+c05 i + tiitIH—E'I}'I}EE-%.

Vyig t Vgig = 20-EW active power

q4q
w'q'id - ‘f'd'iq = -3-kW VARs
Pyr—1 v

. W T g g .

' c i o= P lgggr = ———— = 3024 A

“did"'“qiq_P“uy vy

‘f-q-id - vyq C_[= PQity : _ id'vq _ PQ o
gSET - v Ao



iy = 0A
Currents and power reconstruction after the dq
transform.

: 2. : : 1.
1A(t} = J;L‘ Ejn'(H(t:}}'idSET_V + CDE(H(I}}'iqSET_U + E 11}]

2( 27 { 27 1
in(t) = {—-; sin H{t}——]-i r + cos! l';'l{t}——]-i T+ —-i ]
B \ 3 | 'dSET_V \ 3 | 'qSET_V /3 0

T]jne 0
=31218A

: 2 2-71:]_ ( 2-71]_ 1.]
ty = [—- sin B(t) + — 4 r+ cos! Bt) + — I r+ —-
ic(t) J;k O 7 JasET W O 7 [gsET W \Eiﬂ-
Reconstructed input currents:
60,
Thine
1 . 2
N AN N e T_J (ia)" e
? TR N R I i 312184
ia(t) A RMS = = Jheles
o /NN Y : :
. .' i ) k 1
I -I', llll _I'-I ||I' I‘I 1 T]J.'EI.E 1
' J ig(H) dt

R O 1 \ f / l'l., \“f"'l / I RS = R,

ﬂ_ 20 1'l. 'L’lll 1:
E; q't. / FAY ) . Tiipe
— 40— — N ~ 7 -y " Thine /g )
- By
— 60, 0.01 0.02 0.03 0.04
t

i v 1 v .
. dSET v g5ET_ = 20-k¥W  active power

Vd
E"i q

14SET V

W q Rl




*

.PARAM Fline=50 ; network frequency

i - Ve .PARAM Tref={1/Fline}

Speed e 1d . Y .PARAM Vgrms=110; per phase line-neutral voltage
controller - controller .PARAM Vdc=400 ; dc rail value

dq qui Space SW *
Vg —»| vector > J .PARAM Vgpeak={Vgrms*sqrt(2)}

.PARAM Vamp={Vgpeak*2}
*

o]
oL | B modulator
- T ‘V *
Iq* + > 1q g o Vg1 .PARAM PWinj=20k ; injected power in watts

- controller .PARAM PQinj=-8k ; wanted VARs
.PARAM RL={(Vgrms**2/PWinj)*3}; equivalent load resistance per phase
. .PARAM Ri=0.1; current sense value per phase
) . Scallng .PARAM KVin=0.1 ; voltage sense per phase
1_0' dq Labe .PARAM Fsw=30k ; switching frequency
g .PARAM Tsw={1/Fsw}
abc § A _PARAM DT={150n}
*

&

=
\Lu
)

A

y 0 PLL .PARAM w={2*pi*Fline}
vi e dq . A Vabe Vap PARAM L=500u
h .PARAM t1=5m

Vg — abe

.PARAM theta=t1*Fline*2*pi ; angle in radians
@ .PARAM Va={Vgpeak*sin(theta)} ; phase a voltage at time t1

.PARAM Vb={Vgpeak*sin(theta-2*pi/3)} ; phase b voltage at time t1
.PARAM Vc={Vgpeak*sin(theta-4*pi/3)} ; ; phase c voltage at time t1
.PARAM ia={Va/RL}; current at time t1in phase a
.PARAM ib={Vb/RL} ; current at time t1 in phase b
.PARAM ic={Vc/RL}; current at time t1 in phase c
*
- X3 X4 .PARAM vd={sqrt(2/3)*(sin(theta)*Va+sin(theta-2*pi/3)*Vb+sin(theta+2*pi/3)*Vc)}

V=V(vd_st)/({KVin *{Ri})+{w}*{L}*V(Iq)/{Ri}+V(Vd)/{KVin} C_) B4 s o g ta th tc .PARAM vg={sqrt(2/3)*(cos(theta)*Va+cos(theta-2*pi/3)*Vb+cos(theta+2*pi/3)*Vc)}
X2 Region R1 R1 Gla—Gla .PARAM id={sqrt(2/3)*(sin(theta)*ia+sin(theta-2*pi/3)*ib+sin(theta+2*pi/3)*ic)}
% d Yalpha |— Alpha R2 R2 G2a—G2a .PARAM ig={sqrt(2/3)*(cos(theta)*ia+cos(theta-2*pi/3)*ib+cos(theta+2*pi/3)*ic)}

*

Ibeta R3 R3 G1b —G1b

= theta— theta — R4 R4 G2b—G2b .PARAM IdSET={(PWinj-id*vq)*Ri/vd} ; calculated setpoint [V] for the d value
V=V(vq_st)/({KVin}*{Ri})-{wI*{L}*V(1d)/{Ri}+V(Vq)/{KVin}| _ |B Jj zero RS RS Glc|—Glc .PARAM IgSET={(id*vqg-PQinj)*Ri/vd} ; calculated current setpoint [V] for the q value
— R6 R6 G2c —G2c * T

RS1 RS2 RS2 RS4 R51 RS2 RS2 RS54

Scaling

V and | scaling

This is the control section for the closed-loop operation of this inverter as
a PFC. Both d and q are decoupled with the wL term. Scaling is important
to limit the sensed signals on the current and voltage sides.

John Schonberger, Space Vector Control of a Three-Phase Rectifier using PLECS®, PLEXIM 2013



https://www.plexim.com/sites/default/files/plecs_svm.pdf

V. =110V, P = 20 kW, Q = -8 kVARSs, V. = 400 V, L = 500 pH, F,,, = 30 kHz " B

Partial Harmonic Distortion: 4.049236%
) 3 Total Harmonic Distortion: 4.068471%
Pur + PQ
=1 ———— =§3275A rms current per phase

Izms - E'an

100A _ I(VIb) I{Vlc)
B80A+
60A~
40A~
20A- Interval Start: | Os |
o Interval End: | 60ms |

Average: | 62 33mA |
-20A+

RMS: | 65.333A |

-40A+
-60A~
-80A+
:?:ﬁ V(a,N)*I{Va) V(b,NJ*I{Vb) V(c,NyI{Vc)

.~ — —_

OKW-
1KWH
2KWH Interval End: 60ms

|

|
KW Average: | H BESSHW '
o integral: | 400,130 6.6/ 20 4
o A\negative average power fron

P ac source'impliesspowenrabsorption.

“15KW- T T T
Oms 6ms 12ms 18ms

Irterval Start: s

T T T T T T
24ms 30ms 36ms 42ms 48ms 54ms 60ms



V, =230V, P=20kW, Q=-8kVARs, V, =800V, L=1mH, F,, = 30 kHz

Partial Harmonic Distortion: 5.560944%
Total Harmonic Distortiom: h.606957%

50A 1(VIb) I(Vic)
;K{iﬁ V(a,N)'l{Va) V{b,NJ*1(Vb) Vic,NyI{Ve)

e A négative average power from | |

o ac source implies power absorptlon




V, =230V, P=20kW, Q=-8kVARs, V, =800V, L=1mH, F,, = 30 kHz

V(pa,N)

GO0V
J00V-
oV
-300V

V(pb,N)

GO0V
300V
V-
-300V-
600V
GO0V
300V
V-
-300V-
-600V-
480V
240V
V-
240V
480V

Vipc.N)

V(pa,Vo_2)

V(pb,Vo_2)

V(pc.Vo_2)

1.0KV- Vipa,pb)
DIML__——___———___—-—_A
A1.0KV-

1.0KV- V(pa,pc)
DIMPF———_—_—————__——H
1.0KV-

1.0KV V(pb,pc)

0.0KV

-1.0KV- 1 1 1 1 1 1 1

T T T T
Oms 6ms 12ms 18ms 24ms J0ms 36ms 42ms 48ms 54ms 60ms
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SIMES {Vapmak} {FINEY 8 8 <128}

SINE(D {Wopmakl {FUNED 00 220)

Aram © 200m 150m

_Optice abutol=lo wiol=l ralcl=0.00 geim=1a

| matbed =guar

MOOEL TORSW S Rom= 2im Roff=10Mag V=2 vR=1)

JPARAM Himw =50 ; eatwerh gy
PARAMA Trad={ 1 (Fima}

PRRAM Wormam110 ; par phase e seotral whage
PR Wl m AR ; de rail wilkod

PR Wgged ko Vgrmia® gt { 1)}

PARAM Vamp=[Vgpmakt 1}

AN P 10k ; pever in watts, P seaes abscrption, P sma ectics
PRRAMA Pl =Tk wastad VAR

PRBAM B {Vgrma® * LW} "1} ; g et brad resndascs par phuse
IPRRAM BS= Y ; comrasd s wibow g Bl

PARAIA Km0 ; weilags e par phass

RN P10 g by

nhata])} ; phase a wltage at tine 11
. phase b wltage at tme 12

PPN v { gt 2 { ] ot Wi it % ) W 4 i Bt 4 0 i )
PRRAM g sgrd 2137 {eos(thata 1 Va ¢ oos{theta 2 3]0 ik ooa bt § 20 ) Vel
PPN i {3 Y e Bt | 4 ] Bt il ¢ e Bt 3 g e )
T Yy i X P B T e P - T ey e Y

PR LS T (P iy | W) ; bkt sedpoist [V] dor tee d ke
PP LSET = ik e P e} ; et belatad] corramt satpeint [V] for the o vk

medal TOFD O{1S =05 S4TE-18 H= 9983 RSwF7 399E 5 Dif=1 GOO0ES COi =485 208 13 M= 44241
VIl 5070 ISRei) ST5E-S NRwl 4262 TT=0 XTl=d EGe3 26 FCwius)

v 50 20 -1 1V}

o 50 18 -1 1V}

Jowr 59 10 -2 1{Wie}

* Comiponts for 1 g keop =
param Gkg =40 ; magemtods Jt orowcwr
param PEg=- 110 ; phase kg at coscwr ¢

* Embir Dusige Goals Laforsiatics Hams *

_paras fageh ; Lirgated Grodicwr *
param FMg =0 ; chooss phase margis at orosser *

param Rdg =100k

* D6 @t adet 1 Babow s =

_param booaig={PMg Piq 30}
param G {2058 -Gln (281}

param hg={tan{beosta 1 45} w1800}
param fpg={kgt g}

param fog={ kg Mg}

param Clg= {1 1" pa oy Gy kg Rdg |}
parash Clg={Cld*{hg**2-1}}

waram b= (ke {Clg" e tkal}

" Comprrants for th d kop *

param Gld =49 ; magmitads at crower -
param: Pide 110 ; phase kg at crowcmr *

* Estir Dusige Goals Laforsiatics Hams *

param fed =2k ; targeted orossemr *
param FMd =60 ; chooss phase margis at orosser *

* b L Vabotst for Vool and Bridge: Bias Corrast *

param Rdd=2100k
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This is an inverter in which you
program the power in watts,
positive (absorption) or
negative (injection). You can
also decide what impedance
you offer, inductive or
capacitive, by programming
positive or negative VARs.



V4. =400V, V, =110V rms, P=20kW, Q=0
Phase current

Voltage and current are in phase, this is a resistive power absorption i
180V V(c,N) 1(Vlc) 100A
80A
60A
40A
20A
0A
-20A
A0A
60A
g 30A
180V -100A
180V V(b,N) 1(VIb) 100A
80A
60A
40A
20A
0A
-20A
40A
60A
-80A
180V -100A
180V Via.N) 100A
150V - s0a
120V
30V - 60A
60V - 40A
30V - 20A
0V— — 0A
=30V = -20A
:ggx: - 40A
120v - -60A
150V - -80A
180V -100A
100A 1{VIb) I(Vic)
80A—
60A-]
40A+
20a-
0A—
-20A-
A0A-
60A
-80A-
100A: T

T T T T T T T T
Oms 5Sms 10ms 15ms 20ms 25ms 30ms 35ms 40ms 45ms 50ms



V4 =400V, V, =110V rms, P =-20 kW, Q = -10 kVARs
Voltage and current are in phase reversal with some shift, this is power injection. P, , = 6.68k x 3 =20 kW, |

1 =67.81A
S=110x 67.81 x 3 = 22.38 kVAs > Q = sqrt(22.38k?-20k?) =10.03 kVARs

V(c,N) I{Vic)

180V 100A
150V - 30A
o o
60V - 40A
30V - 20
ov- - 0A
-30v - -20A
:ggx: Ty
120V — -60A
150V - _80A
::g: V(b,N) 1(VIb) :gg:
150V - s0a
e [ o
ol - 40A
30V - 20A
ov- - 0A
-30V5 - -20A
s0v] [ ion
120V - -60A
150V - _80A
180V 100A
180V Via.N) 1004
150V - s0a
e [ o
el - 40A
30V - 20A
ov-] oA
230V / - -20A
Iggﬁi - 408
120V — -60A
150V - _80A
180V -100A
100A 1{VIb) I(Vic)
80A-]
60A-]
40A-
20A-
0A-]
20A]
40A-
60A-
80A-]
100A .

T T T T T T T T
Oms Sms 10ms 15ms 20ms 25ms 30ms 35ms 40ms 45ms 50ms
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paras Gl ; shdgeitode 4l Grodacwr *
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* Emtar Owsign Goakbs bedormation Ham *

param fg=lh ; largeted oo ¢
param PMg=E0 ; chooss phase margin at cescmr *
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* Do mot adit it babow Eeas *
pdram g 90}

={ Pk
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e R
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param Phid = 110 ; phae g at crosacwr *

* Emtar Dusign Goabs Indormation Here *

_parasi fededh ; Largatad trodacwr *
param PMd=S0 ; chooss phase margin at cescmr *

* Emtar tha Vakows for Yout and Bridge Bias Conmamt

parasi Rdd=1006

param e 16 - died f290}
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paras GhV=50 ; Sageitude 4 Grodecwr
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= Estur Dudige Goak Lekorsiatios Hars

param k=50 ; targutad crosscwr *

param P =80 ; chooss phase margin a1 coascer ©

 Emtar tha Vaboas for Vout and Sridgs Bias Comramt *

param Veut =409

param Roggsr={{ ¥oul Wraf) [Liaa}

= D6 sol it Lk bbb i =

param booati={ FMY. PEY. 90}

_paras Ge{ 1005 . Glev 28]}

param bve{an]{Boest Vi 481 e 1801}
param fpi={kV RV}

This is a 400-V 110-
V rms PFC
delivering 30 kW of
of power and the
Q in VARs can be
adjusted via the
macro to offer an
inductive or
capacitive
impedance.



The output power is 30 kW, Q =0, V,, =110 V rms. The THD is below 2%.

Partial Harmonic Distortion: 1.836485%
Total Harmonic Distortiom: 1.896696%

Between HB and V, /2

V(phasea)

V(phase_ab)
Between HB phases and a-b

V(phase_a)

ween HB phaseaand N

V(vupper) V(vlower)

(Via) I(Vib) I{Vic)

T T T T T T T T T
Oms 10ms 20ms 30ms 40ms 50ms 60ms 70ms 80ms 90ms



The output power is 30 kW, Q =0, V,, =230V rms. The THD is 3%.

Partial Harmonic Distortion: 2.864874%
Total Harmonic Distortion: 3.018450%

Between HB and V, /2

480V V(phasea)

1.0KV- V{phase_ab)
0.8KV-] Between HB phases and a-b

600V \(phase_a)

Between HB phase aand N

A0V V(vupper) V(vlower)

4USV-W\/WW

392V Wm

oA (Via) I{Vib) I{Vic)

T T T T T
Oms Bms 12ms 18ms 24ms Ims IEms A2ms ABms rAms Blms
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This is a closed-loop
PFC with an 800-V dc
link voltage. The power
is stepped from 15 to
30 kW. The simulation
time is long and the
raw data file did
amount to 20 Go :)
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