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/. Off-Line Studies Versus
Applying Measurements

ECES523

Lecture 1

e Normally appliec@sinm

e Phasors have underlying assumption about
frame of reference and frequency

and then transform
state analysis

power electronic controls

e Measurement devices calculate RMS phasors
e Use of phasors only applies for quasi-steady-

e Some use of instantaneous terms, especially

Introduction

Fall 2023
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ky:i=0,1..(4-1)

LT 740

e [ ets look at the Cosine Filter Coefficients:

kg:=0,1.(8-1)

kl(,::(),l..(lﬁ—l)

2.k
c0S¢pef(k, RS) := cps RS
COScoef(k4,4) COScoef(kg,S) =
1 1
0 0.707
-1 0
0 -0.707
-1
-0.707
0
0.707
I | I
1
COSCOCf(k4,4) or
[ B BN ]
-1[ 1
0 2 3
l L I T é
0.5 N

cosme[(k32,32) of
eeoe

- 0.5

-1

COScoef(klﬁ : 16) =

1

0.924

0.707

0.383

0

-0.383

-0.707

-0.924

=1

-0.924

-0.707

-0.383

0

0.383

0.707

0.924

kyp=0,1..(32-1)
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Digital Filter Examples

e Define samplingrate percycle
RS:= 16

o Define length of sample data set, incycles
D:=8

o Total number of samples:
M := D-RS
n:=0,1.M-1
¢ Create input data signal, sampled at RS per cycle

2-7-n 2-7tn
Imeasln = IOO-COS( e +0deg) Imeaszn = 100-(:03( RS

L

—n

2.7 2-mn 2RS Sk

Imeas_:;n = 100-005( ;Sn) + 50 Imeas4n = 100 cos( o + Odeg) + ezRS R?
NS \

+ 80deg)

200 T T T T

1 100
measln

I
measzn

1 4
1Cas:
med

~ 100 1 1 1
0

n
RS
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Now define Cosine an Sﬁl filter: “)I)‘m a "\’,0"('
—
M
COSF(RS, A, q) =~ 05coef(K, RS) Afq(Rs-1)]+k] )I.
—ouen | wcaa/o}sowph [ary
RS-1
_SINF(RS,A,q) = = [sincoer(k, RS)- A[q—(RS-1)]+k]
k=0

e (Create a filter index, "i" (which includes RS samples of past history (so it starts at (RS - 1))
i:==(RS-1).M-1

e Create a filter index, "v" (which includes RS/4 samples of past history for delaying cosine filter
output put a quarter cycle (soitstarts at (RS/4 - 1)

RS+R—S—1 (’05
S T

COSF(RS, Iipeast » 1) = SINF(RS, Iineast i) =
100 0
92.388 -38.268
70.711 -70.711
38.268 -92.388
0 -100
-38.268 -92,388
-70.711 -70.711
-92.388 -38.268
-100 0
-92.388 38.268
7L 70.711
-38.268 92.388
0 100
38.268 92.388
70.711 70.711
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e Sowe negd to compare this angle to a reference. In the case with only one measurement,
we compare it to itself.

Lz W[

4
0. := Anglel; — Anglel;
1

297+
Filtered 1; :=+/ 2-Magli-cos[( Rﬂé ]) + 9|:|
1

100
lmeasli

Filtered 1 ;
- 100

e Now repeat with the second signal, which is phase shifted

I 100 I
meas2i

COSF(RS, Imeas2»i) 0

SINF(RS, Iycas2, )

—100

|
——(COSF(RS, Ieas2. 1) — j-SINF(RS, Iineas2, i)

V2

Mag2; = |Phasor2i|

Phasor2j :=

Angle2; = arg(PhasonQi)
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L

V)

100
» Imeas]i

COSF(RS >Imeasl» i) o

S[NF(RS, Imeas1s i)

— 100

\’

Phasorl; := L(COSF(RS, Imeasl»1) = i+ SINF(RS,, Ipcast » 1))

V2

Magl; := |Phasor1i|

Anglel; = arg(Phasorli)

100[8,

!
meﬂs]i

Magli

- 100

&

lmeas!i 100

Angleli or

_dee o0

1

%
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e Now repeat with the third signal, which h@st:u; dc offset

lmeas3i 100

L2 Hw

COSF(RS, Icas3» )

PR, 0

‘\0 SINF(RS, Iincas3 i)

—-100

éol J 1 2 3 4 5
d)' e Rejects DC offset 4

1
—(COSF(RS, Iiyeas3, i) — j-SINF(RS, Ieas3. )

V2

Mag3; = |Phasor31|

Phasor3; =

Angle3; = arg(Phasor?,i)

NN A2 |

I 1
meas3i
M \/ \/ \/ \/

ok -
- 100~ 7
1 1 1
1 2 3 4 5
A
RMS magnitude of fundamental component RS

Imeasfii 1001

Angle3i or

deg _ jo0f-
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reference

|2 M/w

03 = Angle3; — Anglel;
1

Filtered 3; := \/5 Mag3i-cos[(

270
™ 1) N 63]
RS i

Imt:as3i 100

Imeasl ; 0
Filtered_.’ii
- 100

e Now repeat with the fourth signal, which has a decaying DC offset.

¢ Sowe need to compare this angle to a reference. In the case we'll use the first signal as a

\

s

s

L\

Imeas4i 100

; COSF(RS sImeasds i)
) SINF(RS, Imeasd: i) 0

100

- 100

T

- 100

Sine filter passing some DC offset, but not cosine

e

Phasor4; :=

I
ﬁ(

COSF(RS, Iineasa, i) — j+ SINF(RS, Iincasd 1))
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94i = Angled; — Anglel;

L2 1%/20

Imeas4i . A /
0 ¥ 5
b |
deg  —200[ a
1 1 |
1 2 3

As does angle, but we have a second problem RS
due to reset times

e Fix for the reset time issue:

Phase Cased; := | Angled; — Anglel; if IAngle4; - Ang]elil <T

Angled; — Anglel; — 2. if (Angle4i - Angleli) >
Angled; — Anglel; + 2.7 if Angled; — Anglel; < —(m)

So still see decaying de offset problem in angle calculation.
\\JEN\
X\

N Mo \N
)
wgaéoowj
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A few more cases:

L t‘//w

+0deg) if 0 <n<3-RS

TN
Imeass11 = 100-005( —

[2«-(11 +2-RS)

800-cos - BOdeg} otherwise

lx]O3
500

I
meas3
o 0

- 500

~1x10° I:a { '4 {() '6 .
> - Jad
ol R
1 . RS
Phasor5y := ~\/—_ COSF(RS, Imeass V) + j-COSF| RS, Imeass » v ~ 5
2
Mag5y = ‘Phasor5v| Angle5y = arg(PhasorS\,) QUD/ 6
600,
500
4001~
hﬂag5v300—
2001
100

e Notice the filter response time C Y0 t ,\Cl\ﬂ/
\.W i CU,
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600,
500
400
Mag5v300

200
100

(1 (g

Takes a little over a cycle

Phase Case5y := | AngleS, — Anglely if IAngleS\,—Anglel\,l <T
Angle5, — Anglely, — 2. if (AnglﬁSv - Anglelv) >
Angle5, —

Anglely + 2.7t if Angle5, — Anglely < —(m)

4.5

20
0_

Phase Case5 ) ~ 201
— V| -40p
£ deg _60F

-

—-86-)

10
1

. 2.7V
Filtered 5 = \/5 Mag5- cos[( e

) + PhaseCaseS\]
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500

ImeasSi

\
Filtered_Si

- 500

T :
1

Notice delay in filter response

e Now add some harmonics. -1 ) #\

First, integer harmonics
l

2.9t 2.7 2.7t 2.1
Imeaso]1 = IOO‘COS( I:;n) + 80-sin 2[ ;811):1 + 40-003[3( [;KSH):‘ + 20-(:03[7[ ;Sn)}

200

100

Imeas6 s N

—_—

- 100

=200

n

RS

1

V2

RS
Phasor6, := (COSF(RS » Imeas6 v) + ] COSF(RS s Lieasts V— TD
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Magby = |Pllasor6v] Angle6y := arg(PhasoréV)
T T T
74 -
2r oy
Mag6‘170— -~
68~ .
66[” L 1 1 i
2 3 4 5
ot
RS

Phase Case6y := | Angle6, — Anglel, if |Angle6v - Anglelvl < T
Angle6, — Anglel, — 2-m if (Angfe(iv — Angle lv) >
Angle6y — Anglely + 2.7 if Angle6, — Anglely, < —()

1 T T T

0.5 &

Phase Case6
i G
—_ " 0
deg

B —0.5F .

—i | 1 1

\Y

RS

270V

Filtered_6 := ﬁ Mag6- cos’:( RS

{
\ng,\\

) + PhaseCaseﬁ\]

GO 20 \Y. L0




