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Creation of substitute schema - examples 1
Task:

6]

Create the equivalent substitute schema of network

shown in the Fig. 4.1 with recalculation of

impedance (reactance) to voltage level of 6 kV:

1) in physical values
2) in relative values
Perform the calculation:

a) with nominal conversions
b) with fictitious conversions
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Creation of substitute schema - example 1 (2)

Fig. 4.1a/: overhead lines substitute schema
V]_ X1 = 0,4 Q/km
110kv |k =100km o v
Ty A St1=40MVA
2KV  ua-10% X1
cable 22 kv
V, | X2=010/km
I, =200 m Xv2
Ty & Sty =5MVA
6 kV Ul = 8% XTZ
6 kV

R ... we neglect

Creation of substitute schema - example 1~ (3)

Solution: ad 1 / Calculation in [Q]

a) with nominal conversions

= Xy; = 0,4.100.(23/110)2.(6,3/22)2 = 0,143 Q

= X;; = 10/100.110%/40.(23/110)2.(6,3/22)2 = 0,108 O
= Xy, = 0,1.0,2.(6,3/22)2 = 0,0016 Q

= Xp, = 8/100.222/5.(6,3/22)? = 0,635 Q

b) with fictitious conversions

= Xy = 40.(22/110)2.(6/22)? = 0,119 O

Xg; = 10/100.110%/40.(22/110)2.(6/22) = 0,09 Q
Xy, = 0,02.(6/22)? = 0,0015 Q

Xr» = 8/100.222/5.(6/22)2 = 0,576 Q

Creation of substitute schema - example1  (4)

ad 2) Calculation in relative values

= We choose the reference apparent power,
e.g. S, = 40 MVA (the most ﬁ Xv1
common in the solved circuit) 110 kV

= Then we select the reference voltage X
U, = 6 kV (i.e. U, in the place, where 22kv L/ "™
we solve the network)

Xv2

in relative units

Fic. 4.1 b/: Substitute schema
Hg X12

6 kV
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Creation of substitute scheme —example 1  (5)

ad a) Calculation with nominal conversions

= Xy; = 0,4.100.(23/110)2.(6,3/22)2.40/62 = 0,159

= Xp; = 10/100.1102/40.(23/110)2.(6,3/22)2.40/62 = 0,0018
= X, =0,1.0,2.(6,3/22)2.40/62 = 0,12

= X, = 8/100.222/5.(6,3/22)2.40/62 = 0,71

ad b) Calculation with fictitious conversions

= Xy, = 40.(22/110)2.(6/22)2.40/62 = 0,132

= Xp; = 10/100.1102/40.(22/110)2.(6/22)2.40/62 = 0,132
= Xy, = 0,02.(6/22)2.40/62 = 0,1

= X, = 8/100.222/5.(6/22)2.40/62 = 0,64

in i hem r a multi-n
network - example 2 (1)
Task:
= Compile a substitute schema (with description)
of the network shown in the Fig. 4.2 and
calculate the longitudinal reactances of the
individual elements and the power
consumption in relative units related to the
voltage level of the generators G.
(Choose S, = 135 MVA).
= Next, recalculate the detected reactances from
relative units to ohmic and to the point
between V3 a V4 lines.

in i hem r a multi-n
network - example 2 e)
Fig. 4.2: 03

G T1 10kv

T3 T3
10,5 kv Vi (16) V2
:G Tz 1i |220 kv
vs| 110kv V3
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in i hem r a multi-n
network - example 2 3)
Numerical task:
s G P,=45MW U, = 10,5 kv cos ¢ = 0,85
. X =113% x=708% x =303% x ~=12%
s TL: S, =120 MVA uo=12% p=10,5/242 + 5 % kV
s T2: S,=180 MVA U =15% p = 220/121 kv
= T3: S,=60MVA u = 10,5 % p = 110/11 kv
o T4: S, =31,5MVA U =105% p = 110/11 kv
® V1 U,=220kv %, = 0,421 Qfkm I = 250 km
m V2 U, =110 kv %, = 0,379 Q/km I= 65km
@ V3: U,=110kv %, = 0,408 Qfkm I= 65km
a V4 U =110 kv %, = 0,294 Qfkm 1= 60km
® V5 U, =110kv %, = 0,400 Q/km 1= 30km
= 03: P,=55MW U, = 10 kv cos ¢ = 0,95
= 04: P,=25MW U, = 10 kV cos ¢ = 0,95
in i hem r a multi-n
network - example 2 (4)

Solution: X1t

< Substitute
network schema

For recalculation to G:
- we choose U, = 10,5 kV

tin bstit hem r a multi-n
network - example 2 (5)
Solution:
= Calculation of substitute schema elements (conversion to G):

+ GENERATOR
= Longitudinal synchronous reactance

_xdl%] UAg sy 113 1052 135

= =22 2 -2,882
100 spg yg 100 ( 45 ) 10,52
0,85
= Transverse synchronous reactance
_ Xq[%]AUigAsivf 70'8Aﬁ.£:1 805

xq= -
977100 spg y2 100 [45] 10,52
0,85
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in bsti hem r a multi-n:
network - example 2 (6)
Solution:

m Calculation of substitute schema elements (conversion to G):
+ GENERATOR
= Longitudinal transient reactance
. _xdl] Vig sy 303 10,52 135

= =0,773
¥477100 ‘spg 2 100 (ﬁ]m,sz '
o,
= Transverse shock reactance
o X"d[%].uigAﬂ _ 12 10,5% 135 _ 0,306
477100 “sng U3 100(&)10,52 '
,85
in i hem multi-n
network - example 2 (7)

Solution:
= Calculation of substitute scheme elements (conversion to G):
+ TRANSFORMER T1

_uf%]Ufe 1 sy _ 12 2422 [71015 jz 135 0,123
T177100 Spep2ud 100 120 (2541) 1952
< LINE V1
2
1 sy 10,5 \? 135
Xy, = Xy ==Y =0,421- 250( j =0,220
vi p2 Ud 2541) 10,52
tin bstit hem r a multi-n:
network - example 2 (8)
Solution:

= Calculation of substitute schema elements (conversion to G):
+ TRANSFORMER T2

ulelV 1Sy 15 1212( 105 ﬂzzo]z 135

= k2Nt oy 2 Lol <2 =222 0,084
¥T277100 Spep2yg 100 180 \254,1) (121) 1952
<+ LINE V2
2 2
1sy 105 [zzoj 135
=Xy —52Y =0,379-65 ) =22 -0170
X2 =V [254,1] 121) 10,52
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in i hem r a multi-n
network - example 2 ©)
Solution:
= Calculation of substitute schema elements (conversion to G):
+ LINEV3 , ,
1 sy 10,5 (220) 135
=Xy ==Y -0,408- 222 =22 —o04
Xy3 v p2 U% 0,408 65[254,1) 121 10,52 0,183
+ LINEV4 5 ,
oy 1sy_ ] 10,5 \°(220) 135
Xya4 = Xv 2 0,294 60(254’1) (7121) 1052 0,122
+ LINEVS
2 2
1 sy 10,5 (220) 135
=Xy ==Y =0,400- e =
Xys5 v p2 U% 0,400 30(254,1) 121 10,52 0,083
ti i h multi-n
network - example 2 (10)
Solution:

= Calculation of substitute scheme elements (conversion to G):
+ TRANSFORMER T3

_u[%]UA 1 sy 105112 [ 10,5 jz[zzojz[nojz 135

X13

- ==2-0,146
100 Sptp2y3 100 60 (254,1) (121) (11 ) 1952
+ TRANSFORMER T4
ul%]Uk 1 s, 105112(105 ﬂ@ﬂ@f 135 _ (570
X147~ 100 Snt p2 U2 7100 31,5\254,1) \121) (11 10,52 S
in i hem r a multi-n:
network - example 2 (11)
Solution:

= Calculation of substitute scheme elements (conversion to G):
Consumption power output

+ CONSUMPTION C3
. bt e
5y S03_Pn*JQn_Pn+iPytde 55+j55-0,329 _ 0,407 + 10,134
Sy Sy Sy 135

+ CONSUMPTION C4

_So4 _Pn*IQn_Pn+Pntdy _25+125:0329 _1ac. 4061
4 sy Sy Sv 135
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in i hem r a multi-n
network - example 2 (12)
Solution:

= Recalculation of detected reactances from relative units to
ohmic and to the point between lines V3 and V4:

+ GENERATOR
= Longitudinal synchronous reactance

2 2 2 2
w1 105 (121) [254,1)
—xg VL _0ggp 105121 -41689 0
Xd=xdg, 2 135 (220) | 105

= Transverse synchronous reactance
10,52 (127112 254,1
135 (220) (105

U2 1 2
- v -1,8054 =261,20
Xq—Xqu 2—1, J = 1, Q

in hem r a multi-n
network - example 2 (13)
Solution:

= Recalculation of detected reactances from relative units to
ohmic and to the point between lines V3 and V4:

+ GENERATOR
= Longitudinal transient reactance

2 2 2

ug 1 10,5 [121) (254,1
'd=xd=L = =0,773

Xd de\, p2 135 10,5

220

2
) =111,79Q

= Transverse shock reactance

2 2 2

ug 1 10,5 (121) [254,1
4= x"d ¥ = = 0,306
Xd=xdg p2 135 10,5

220

2
] =4427Q

in i hem r a multi-n
network - example 2 (14)
Solution:

= Recalculation of detected reactances from relative units to
ohmic and to the point between lines V3 and V4:

+ TRANSFORMER T1
2 2 2 2
W1 105 (121) (254,1J
B0 L _g1p3105° (120 17,720
Xm=XTg, o 135 (220) (10,5

+ LINE V1

2
e U1
Xyp = Xvi sy p2—0,

) 10,52(121]2[254,1

2
e =31,840
135 (220 10,5] 38
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in i hem multi-n
network - example 2 (15)
Solution:

= Recalculation of detected reactances from relative units to
ohmic and to the point between lines V3 and V4:

+ TRANSFORMER T2
2 2 2 2
ud 1 105 [121) (254,1)
xr 9L 0084 ~12200
X2 ="T25, 135 (220) (105
o ¢ LINEV2
ud 1

Xyp Xvzg) 5=0

2 2
70 10,5 (121) [254,1

2
=24,60 Q
135 10,5 J 60

220

i h multi-n
network - example 2 (16)
Solution:

= Recalculation of detected reactances from relative units to
ohmic and to the point between lines V3 and V4:

SLINEVZ o
w1 10,52 (12112 254,1
cxys VL 1831057 (121 A" 265200
X3 =352 135 [zzoj [10,5]
* UNE;M e L 129105 (gﬁzsmf -17640
vaTVEg 2T s \220) (105 ) T
+ LINE V!
MY TRRPWRCE T3 =S A,
vs T Vg, p2 135 (220) (105 ’

in hem r a multi-n
network - example 2 17)
Solution:

= Recalculation of detected reactances from relative units to
ohmic and to the point between lines V3 and V4:

+ TRANSFORMER T3
2 2 2 2
W1, 1052 (1212541
X3 =T 27 0146~ 35 (220] [ 10,5 j 2180
< TRANSFORMER T4

w1 57 10,52 [121)2[254,1

2
— V= -0,279 == =40,35Q
X1 =XTag, 2 135 (220) | 105 ]
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