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ECE 404/504 Session 33; Page 1/2
T&D Applications of VSC Spring 2013

L33 Z/ n

Three Phase Phase VSC Locked Loop (PLL)

Cases where synchronization is needed

e Non-PWM switching schemes
* o Synchronous PWM switching schemes

——» When control loop operates in the synchronous DQ reference frame
e Control loop for a—fB may or may not need synchronizing reference

- Frequency comes along with measured o and 3 terms
- May need depending on method for determining current references

Park's Transform Basec{PLL > =B Comm@l\\) qw'lu SCM

R SRR S e T e D

/, a\>
\ls“')
a5V

e L

e Measured voltages % +f‘¢(~, an” 4

Vsd = VS-COS(w0~t +0g — p(t))
- =

"ﬁa".ﬂ o measves SQM

Vsq = Vgsin(wgt+0g—p(t
9= Vs ( 0 0—p( )) ¢ 4 " s
Output current equations in transformed domain 3” L

L. g-tid} = L-w(t)iq — (R + Ton)-id +(vtd—vsd) - o t&km"
VA yse \,\‘,,,’,/\ Syslem
L. ii ) = L-w(t)-id—(R+r )-i +€ -V \ﬂnj Au
e (t q H{\Viq sq) Re

d Switeh \’ davr s Nw"‘wu - CON dudm
—p() = w(®)
. Los ¢

The choice of p(t) makes a big difference. Ifit 0, stay in a—p frame (no rotation)
In this case we want: %ﬂ 4

\e
p(t) = wot+ B “AQN N e deviea
Then _j_*p(t) = wo tgﬂalu
If this is the case, then ' h?z : E'
Vsq =0 and Vsd = Vs
Design a feedback controller to regulate vy to be 0

w(t) = H(p)vsq(H where H(p) is a linear transfer function
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ECE 404/504 Session 33; Page 2/2
T&D Applications of VSC Spring 2013

e Start it out from

w(0) = wo

e Limit frequency range to narrow variation from

L3232 //n

Wmin < W < Wpax

e Small frequency variations imply
sin(wo't + 00 — p(t)) approximately (wo-t + 600 — p(t))

which simplifies control loop design
d -
il Ve H(p)(wo-t+ 69— p(V)

e Basic control diagram:

P-I contr

oo*t + 0 * Vs — H(s)

Omin @
e Three phase implementation:
Vsa(t) —— abe > Vsd
Vgh(t) ———] ‘ N
d — V5q = rtg‘) a
el —/ _
il Obase N\ . ‘('. 0
_ o
P(t)—co;(l‘f Il P cont ' -Q ‘
1 {q— s H(s) r
N \
\ ! — L rejmandt
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ATPDraw Implementation: Simple = FCE 404504

. Lecture 32
Zero Crossing Based : Three Phase
PLUST
Synchronization 5 Spring 2013
ECE 404/504
° Lecture 32
1 Phase Correction

e Create an orthogonal pair of vectors
» Park’s transformation if three phase measurement
» Phase rotation (delay) if single phase input

® Need instantaneous angle reference (ot = 6,)
® Phase Error = -V sin(6,) + V, cos(9,)

Synchronization 6 Spring 2013




U. ATPDraw Implementation:
I phase Locked Loop: Phase A

ECE 404/504
Lecture 32

THETAR
DTHETA T1 CTRL1 CTRL DELTAT
ogfod] >{Fle—9F] o 0 I ( CNTRL
59 53

F2

2%60Hz

Find VDS .
/BASE >3F] s
= Find VQS Gl
VBASE
Al
L Integral L
Freq Modulat
Synchronization 9 Spring 2013

U_. PERR and THETAR with phase &cE o404

V4 jump due to load change

Lecture 32

0140 l
[ §
o o
.18 &)
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(f#e PLLcess pid; xvert) t PERR

0
o 0.00 0.03 0.08 0.09

. ).0:
(162 PLLcaso pi; x-var1) : THETAR
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U PERR and THETAR with
1 sustained SLG Fault

ECE 404/504

Lecture 32

4
n
K_ y
&Pﬂlﬂtﬂ:l—v'n;ﬁ THETAR ® oo
Synchronization " Spring 2013
[J. Results with PLL--SLG .05
Lecture 32

1 Fault

=
Kp=100, Ti=8.3E-3 %‘,‘

Kp=1000, Ti-8.3E-4

Response Example
MAGN
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s{ife——

VCALCB 3
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ReSUItS With P LL" ECE 404/504
Three Phase Fault Leeture 32

Kp=100, Ti=8.3E-3

Kp=1000, Ti-8.3E-4

Synchronization
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Ur

Compare ot with PLL THETAR  ECE 404/504

(phase jump case)

Lecture 32

300

T T T T T T T
.00 0.03 0.06 0.09 0.12

RAMP.pld: t: RAMPA
plcase.pid: t: THETAR
fectors:  57.3
offsets: 0

"Is] 015
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