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ECEFE 523: Lecture 3

e An unbalanced n-phase set of phasors can be represented by n-1 balanced
n-phase sets of phasors and a zero phase set of phasors all added together by

superposition. " V a0 - (& o w '\’M-.mﬂ\l

Va= Va1 +Va+ Va3 Vg

LS 3/

Vb= Vo1 + V2 + V3. Vi f\—-V &,0

etc.

I

Vi = Var+ Va2 + V3. Vn,n‘r

e Define a generalized phase angle shift term "a":

P

, 2-T 3 2w
J.m —
a=e Note for a three phase system: a :=e 3 arg(a) = 120-deg

et

e Now make a into a function that depends on n. Leave nas a variable we can define. For
now set a value

n:==~o6
L2
J'_n
a(n) = le

We can also define an array index, and have terms that vary as this increments.
i=0,1.(n-1)
90

e Polar plot, with
magnitude anangle
as "i" increments
e Set line type to
"stem' In the 43 (ll)il 180 + A
properties
e Note that we cant
tell which way it

rotates as "1
increments

A :
4] 1 1.001

270

arg(a(n) i)
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This time we will actually
show the powers of "a" 90
4a(n)°|
1
la(n) |
180 ¢ A - A t 0
l Zl 0.999 1 1.001
a(n)

la(n)3|

i
270

argla()’)  arg a(n) ) ang a0 %) argam)?)
e Now look at the balanced n-phase sets:

e Define an initial magnitude and angle reference: Virer = 1.0 151kt

A | v )
Phase relationship for phase sequence 1: Vape1 () = 8 (n)n -
k —— -
90
SQ}( \ | II\B
AR

2\

lvabcl(i)i 180 +

§cl 0 L 1.001 (}R‘y/'

@ ( Q/ﬂe*‘:yf;“
W 270 6—@) SR &0

3"g(vabcl (1))

L
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o Phase relationship for phase sequence 2:

3 Jf\
i : Vy. 0
& 1
i Voref = Ll F Vabez (i) = a(n)-, 2n) VZ]ef (0 o \
) e Relationship for phase sequence "n"
. j-45deg r
Vief = 0.5¢ Vaben () = a(n)n(n 1)'Vm'ef

o Tryenteringdifferent
values of n

Sums of columns

e First the zero column:

Col 0 := Z V aben (D) |Col 0] = arg(Col 0) = 45-deg
i=1
|col 0] _ -
n
Col 0
(| On I)— IVmefI =0

o Now the "1" column (multiply terms by al):

n ‘
Col 1 := Z (a(n)‘-vabc](i)) |col 1| =6 arg(Col 1) = 15-deg

|col 1]

n

Repeat same multiplier on column 2 and column 0

n
Col 2y = Z (a(n)l-Vabcg(i)) ‘C01_21| =0
i=1

ECE 523:
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."Colﬁ_ol - i (a(n)i-Vabcn(i))

i=1
e Now the "2" column (multiply terms by a%):

n

Col 2 = Z (a(n) abcg(l)) |col 2| = 6.6

)_ |V2ref| =0

( |Colu2|

i=1

|Col 04] =0

n

Repeat same multiplier on column 1 and column 0

n

Col 1z =y (a(n)z‘i-vabcl(i)) |Col_15] =0

i=1

n

Col 0y = Z (a(n)z'i-vabcn(i)) |Col_0y| =0

i=1

Matrix relation (for n = 6) (» N

\

G ™ a6 ae)?

6

MQ.' S - Co12345 =

o8

30 4,“\.('/

1 a6)> a(6)”

1 a6)’ a(6)°

1 a(6)’ a(6)'°

a(6)°
a(6)°
a(6)°
a(6)”
3(6) 15

1

a(6)"
a(6)’
a(6) "2
2(6)'
a(6)20

arg(Col _2) = 5-deg

1

a(6)

a(6)°
2(6)'°
3(6)15

20

2(6)2
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1 1 | 1 1 1
1 05+0.87i —0.5+0.87i -1 —05-0.87 0.5-0.87
1 —0:5+0871 05087 1 -05+087 —0.5—0.87
6Co12345 = i r ; i ; 3
I —05-087i —0.5+0.87i 1 —0.5-0.87i —0.5+ 0.87i
1 05—08H -05-087 —L 05+087 05+080
1 | 1 | 1 1
1 05-0.87i -05-0.87i -1 -0.5+0.871 0.5+ 0.87i
1 1 -05-087i -05+0.87i 1 -0.5-0.871 —0.5+0.87i
Coi23as = : iy i r i 3
1 -05+0.87i -0.5-0.87i 1 -0.5+0.87i -0.5-0.87i
1 05+0.871 -0.5+0.87i -1 -0.5-0.87i 0.5-0.87i
Notethat:  a(6) = 0.5 + 0.87i a(6)* = 0.5 0.87
a(6)” = ~0.5 + 0.87i I -
alf) =1 26)° = 1
and so on.....

e Compare matrix inverse with 6 times the complex conjugate (element by element)

=
Co1234s  —6-Copo345 =

o O o o o <O
o o o o © O
o O O o o O

M\Iﬂ-
s

o O O o o o

o o o © o O
o © o © o O

Set tolerance value.....

Result Format

Complex threshold (10)
Zero threshold (15)

Mumber Format Display Options  Unit Display  Tolerance
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Replace the 1/n term with SQRT(n)/n = 1/SQRT(n) to give a power invariant transform:
1 1 1 1 1 |
1 a6) a6’ a@)] a©)' a6’
L1 a? et e a©® a®)’
Calt ==
V6|1 a6 a©)° a©’ a6 a©)"”
-
1 a6t a6 a©)'? a6)!® )
1 ae6)® a6 a6 a6 a@6*
000000
000000
. 000000
1 — ==
AT 000000
000O0O0O
0000O00O0
Finally, we can derive the reverse transformation:
We know that: Vp1 =a 1-Va] This time we are trying to shift Val to Vbl
Note that:
a"=1 and an-ef1 = g} Effectively added 360 degrees
Therefore: a l=gt]!

e  This repeats for integer multiples of n
Check with actual values:

am) ™ —am™ =0 a2 —am)® 2 =0
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=
nan . .
:...: "1" term: 2" term: "n-1"term:
_ n—1 - =2 —~
\3 Yei=a Vi Vie=a Vg Vb nmi = @Va nmi
_ n-2 _ n—+4 _ 2
Ver = a Vai Vao=a -Vyp Ve nmi = a “Va nm1
_ n—3 _ n-6 ~ 3
Yai=# “Vai Vg = @ “Nyp Vd nm1 = 2 Va nml
el etc. etc.
n:==~6
‘}J 11 1 1 1 (I
{ & 1 a~2 a 3 e 4 £ (n—1)

4\\"
| 52 T 6 =8 A 2(n-1)
0)\4 : A012345 = —— i 9 ~12 _—3(-1)

o 8 ~12 ~16 _—4(n-1)

1 a a a a a
\P‘d‘ | A OD 20D 30D 4D - See)

w“ W '

e [Letsrewrite this a bit, realizing that n=6 B 0'

1 1 1 1 1 1 1 1 1 1 1
n—1 n-2 n-3 n—4 n-5 5 4 3 2

1 a a a a a 1 a a a
n-2 n—4 2n—-6 2n-8  2n-10 4 2 0 4 2

1 a a a a a 1l a aa a a

Ao1234s = n-3 2n-6 209 2n-12 3n-15| 5 B § 0 3
1 a a a a a 1 ao a a a a
- " - - s 2

1 an 4 a2n 8 aZn 12 a3n 16 a4n 20 | a a4 a(} El2 34 3'\
n-5 2n-10 3n 15 4nﬁ20 411—25

1 a a

gﬁcd“
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-
=
= Phase A, B and C Reference:
Transformations and Inverse Transformations
LS e 1.ej-120deg,
Phase A symmetrical Phase B symmetrical Phase C symmetrical
components components components
transform transform transform
L { | a a 1 2% a
Agrz=| 1 a 2 Byl 4 1 Co127|1 a a
1 a a 1 a® a 111
L\
X X L 000
| _
S\U“\ Inverse Ay = Fr | a a Inverse_Ag12 — Ag12 -100 0
\ = _L/ 1 a2 a 000
Co\‘t N
1 11
5 000
Inverse B =—-la 1 a -1
=012 3 II’lVC[‘Sﬁ_BOlZ—BOlz =(0 00
g 1 a 00 0
1 1 1
000
Inverse C = —1 a a2 1 -1
—012 -~ 3 InVBl'SG_COlZ—COIZ =10 00

e g 1 000
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- Symmetrical Components
-}
B
= Symmetrical Components Transformations
_\_3 European versus North American Notation
naeg » I
a = ¢ 120dee 7 3 j-120deg
h:=¢
Phase A symmetrical Phase R symmetrical
components components
transform (A) transform (H)
[ 1 1 111
Ao =11 E:l2 a Hpnz = h2 h 1
| a a h h® 1
O\t PN2
Zaa := (14.9 +j-58.4)ohm Zab = (4 +j-27.3)ohm
Zbb := (14.9 + j-58.4)ohm Zac := (4 +j-27.3)ohm
Zce := (14.9 + j-58.4)ohm Zbe = (4 +j-27.3)ohm
Zaa Zab Zac
Zapc = | Zab Zbb Zbc
Zac Zbc Zcc

e
Z012 = Aoz -ZaBc A1z

22.99 13i 01 0 D\

Zo1n = 0 10.9 +31.1i 0 Q
0 0 10.9 +31.1i ’/;
el
Zpnz = Hpnz  -ZapceHpnz
10.9 +31.1i 0
ZpN7 = 0 10.9 +31.1i 0 Q
0

0 2294 ll!'ii

o
oo
o 20
<29

Ww
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j-Odeg
I, := 100A-¢
‘;‘1
I, := 2000A.¢ 2048
I := 1900A.¢l 210d¢8
e )
Ia 64.4 ( 15
=M > 4 —
Ioiz = Aoz | Ip [Toi2| =1 110923 |A arg(Tor2) = | 119.37 |-deg
I 1142.56 1 ~59.39
Ia 1109.23 ? 119.37
1 —> —
Ipnz := Hpnz | Ib |1PNZ| =|1142.56 A\i‘ arg(IpNZ) = | —59.39 |-deg
I 15

64.4 2




