L10 - AC current control
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Current vector abc—af

«  Symmetric 3-phase
(il(t) =21 cos(wt — )
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« Transform from abs to af§
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Current vector af
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Current vector af—dq

e The flux defines d-axis which
lags EMF voltage by -90°
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Power from dq

» Using dg-frame, dot product
P=e%.i%=¢eyi;+e,,
» Grid voltage
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« Transform af—dq
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Active power

P=egi,= f j: isin ——¢>
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Reactive power
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Power from af
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Relation between U,. and U

Sinusoidal modulation

U o Udc
LNrms \/E 2
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Re-introduce the rotating reference frame

BA
e Use the integral of the grid back emf vector: q
T
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Re-introduce the grid flux reference frame (d,q) ...

Express the grid voltage equation in the grid flux reference frame

dih BA
U =R-1F + L. ——+ 8%
dt
{gaﬁ = 3% . ,j6 } q
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3-phase sampled vector control : 1

« Assume sampled control @ [..., k, k+1, k+2, ...]Ts

« Calculate voltage average over one sample
period

f(k+1)Ts_>.dt R. f(k+1)Ts_> dt + L - f(k+1)Ts(Cil; dt+-w- Lf(k+1)Ts_> dt+f(k+1)rsﬁ.dt
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3-phase sampled vector control : 2

Assume: Gives:
Ul k + 1) = " (k) ﬁ*(k):(R+j-w-L)-l(k)%(k)+L.l(k)T—_l(k)
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Current Controllers split on d- and g-

Components

L R Y . T
wy (k) = (; + 5) - <(zd(k) — ta()) +
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Some evaluation of values ...

- >>[=1e-3;
— >> R=0.05;

=

n=k-1

=0

S

1l
&

n=k-1

n=0

— >> Ts=100e-6;
— >>[I/Ts R/2] =[10.0000 0.0250]
— >>[I/R Ts/2] = [0.0200 0.00005]

N

: (ig(n) — id(n))> —w-L-iq(k)

. (i;(n) - iq(n))> +w-L-ig(k)+eq(k)

» The inductance defines the gain

* The electric time constant defines the Integral gain



Control in a rotating reference frame
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Example

« Corresponding to a
traction machine at 100
Hz

— La=0.001;

— Ra=0.1;

— Ts=0.1e-3;

— Udc=600;

— Ea=250;

— fel=100;

— ISXREF=0;

— IsyREF=100 [A] @ 20
[ms]
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Example

Modulating Wave and potential references
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To Simulink for more ...

#3, ThreePhModAndCC * - Simulink academic use
File Edit View Display Diagram Simulation Analysis Code Tools Help
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3-phase Direct Current Control

*  Where is the current vector moving?
dieP

U =R-1%F + -
dt

+ é%h

di*F  4*F — R .7*F — goh
U L

* The, which vetors have the best
chance to move the current in a
certain direction?




Selecting the right vector

vector = sector+ s offset

S Decrease Increase
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Tolerance bands in d- and g-
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The Direct Current Controller

(2) The load current is
transformed from (¢, f) to

(d.g\

(3) The d-axis
current error is
evaluated in a

@—} vecN

@—} rect angle

psi

hysteresis controller

increase/
decrease i

70T

» =3

vector

Out
angle
alfa/beta U> d/q

mod

emf

recfto_pol

(D) ”the angle of t{e
load flux vector is

> _fu)

(5) The correct sector
offset is read from a
look up table
containing

— ()

vect

»l

ctor

increase/
decrease iq

>

-1 1] —p
1] bt
1] ot
1]
|
|
|
|

1]
(1111

EEED]
Memory

calculated and the
corresponding sector
number is calculated

(4{The g-axis current
error is evaluated in a
hysteresis controller with
zero state calculation

D f(u)

(6\) The final Ve\ctor is
calculated and selected.







SCC for slow computer

* Predict current sample ahead when
defining voltage reference

U=R-1 TR A

—x — -> . - L > -
() = Uk k+1) =R T () +) - 0 - L Ty (1) - (Top (k + 1) = Ty ()
S

- - R.TS . TS —
lsp(k+1)=lsp(k)-<1— - —j-a)-TS>+f-u )

i+ 1) = 100 + (T Gk + 1) = Ty (1))



SCC PIE parameters
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SCC current ripple

* Sine, symmetric and bus clamped
 Udc=650V, L=10mH, R=1Q
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SCC current ripple
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SCC step response
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Grid voltage

L) - T /
* Grid flux lin Iw | [ — -
1 5 i i Ca) =0 :B — ] P
e Frequency > Ll’ iq é 2_ \h
S /
400 :
3ph g 200f Ya FAENNE \\
N k= s o . // \\
A _ &2
° - = 4 e N
—— = = -200 /

e
'a”é, 200 €a > /
=z eb
E 0H \\ /
e
© (e \ /
« -200 L
\
400 T
u
300 H d

d q voltages
[
o
o

0
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02
time, t [s]



3¢ power electronic converter

L. us— (1D
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Two different current
controllers

— Sampled current control
— Direct current control

Voltages and currents mainly
in aff frame,
dq used for control

Field rotation angle used
instead of flux vector
— Grid flux!

Switch states {0,1}



SCC block

Vector control — dq vector
quantities of voltages and currents
but same circuit and control
parameters

«  Feed forward EMF included, cross- & b K_:“

coupled wL excluded

«  Current controller calculate voltage
references, no current delays and
estimators presented

« Advanced angle to compensate
rotation

+ dqg transformed back to af§

anti-mindup

Manual
Swvitch

Constant

roltage
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+
A *D" e
voltage limit
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speed

emf-estimator

pos

v
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half Tz advance



SCC open

 Current controller gives u,*
 Ts equals to fundamental period
 Unsampled references

180 voltage pulses

« What sampling frequency and dc
link voltage has to be selected to
match the grid?

reference

odulation a

£

modulation b

modulation ¢
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0 v
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Connecting PEC to Grid?

- U,,=400V U, =600V T.=1ms
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4”}“ '%Ir ; 4|'} ub:

iy SR iEED
1

reference
reference

— i [

, ” fﬂjukmi-—-

: 2ua_|— m d!ilﬁrﬁﬁf ﬁlfﬂf . I\ ,ﬂ} ﬁl i .:’
0 1] J 1I_I‘__§3LL [
2 o |0 BRI 1 A e

400 | | | | 1 | | )
u} 0.005 00 0ms 002 0025 003 0.035 0.04 A 1 0ms 0.02 0.025 003

time, t [s] time, t [s]

onc




Voltage

-100
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DCC current ripple

e Selectdi=2 A 5 5 f 5 N p—r

|
sector fi

reference

« Switching intensity & frequency?

modulation a

05F

modulation b

0af

modulation ¢

]
0.02 0.025 0.03 0.035 0.04
time, t [s]
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Exercises on 3¢ current control (1)

* PE ExercisesWithSolutions2019b vers
190206

* Vector representation of 3¢ system
— Relations between quantities
— Coordinate transformation

« Control methods principles and

schematics

— Sampled current control controller and
parameters

— Direct current control controller and
parameters

— Waveform presentation of control action
over carrier period



