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Transformer concept of Czech power system
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Transformer concept of Czech power system

400/220 kV transformers 400 (220)/110 kV transformers

400 kV

ﬁ‘- 34%

10,5 KV

13-14% 13-14%

I_

110 KV



Transformer concept of Czech power system

110/22 kV transformers Transformers Distrubution
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Transformer concept of Czech power system

Voltage regulation step and timing

400 kV

1% /1 min ...
220 kV

1,5% /1,5 min
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9204 /92 min .. Trafo 110 kV £ 8x2% / 23 kV
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Voltage regulation in DS

Without any voltage regulation on TR 110 kV/MV
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Voltage regulation in DS

Voltage regulation — constant voltage in MV substation (bus 3)

- Constant voltage 23,1 kV, i.e. 105 % Un
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-----------
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Voltage regulation in DS

Voltage regulation — variable voltage in MV substation (bus 3) in dependance on network loading (line
drop compensation)

110 kV VI

TR 110 kV/vn

K 2 @ 3 |4 E 6 |7
| | | | |

| Stalé napéti v bodé 5,
| regulace s kompaundaci zavisla na zatizeni
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Voltage regulation in DS

Voltage regulation — variable voltage in MV substation (bus 3) in dependance on network loading (line
drop compensation)
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Voltage regulation in DS

Effect of line drop compensation on the voltage profile.

orof

(a) Mo Line Drop Compensation

Voltage Profile Voltage Profile
at Peak Load at Low Load

{b) With Line Drop Compensation Set to Here

Voltage Profile Voltage Profile
at Peak Load at Low Load



Voltage regulation in DS

HV/MY MV/LV
substation substation
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Figure 13.3 Voltage regulation on MV and LV networks

a Simplified distribution network diagram
b MV- and LV-network voltage variation
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Voltage regulation in DS
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Voltage regulation in DS
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Voltage regulation in DS
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Voltage regulation in DS
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Voltage regulation

OLTC (on-load tap changer) transformers

- manipulation with tap changer without transformer switch-off
- EHV/HV, 110 kV/MV
Pipe connector

- rarely MV/LV - cca 3 times expensive ! for suction pipe
Tap changer head

Diverter switch
oil compartment

Tap changer take
offterminal

Connecting lead
tap selector
fdiverter switch

Off-load tap changer transformers TR aRRnaeAC Hiangeoves siledior
- manipulation with tap changer only if transformer TR Changeover selector
. . Tap selector teminal
is switch-off terminal

- MV/MV and MV/LV




Transformers MV/LV

Tap changer

Tap selector
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Transformers MV/LV

Tap setting on distribution transformers

Older distribution transformers
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Effect of distributed generation on voltage

Voltage profile with tap-changing transformers (red) and without (black)

U./420kV A00KV/121kV+12% 110kV+16%/23kV  22kV+5%/0,4kV
m |

G+ RO [k

—————————————————————————————————————————————————————————— Mapétovy profil pfi
imenovitych napéti
/ jednotlivych TR

Tok cinneho vykonu a obvykle i jaloveho

Direction of active power flow and usually also reactive power flow
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Effect of distributed generation on voltage

U./420kV 400KV 21kV+12% 110kV+16%/23kV  22kV+5%/0,4kV
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\ Napétovy profil pfi
— jmenovitych napéti

jednotlivych TR

Variability tokd Ginného i jalového vykonu

Variability of active and reactive power flows 22



Effect of distributed generation on voltage

T1 110 kV/ivn

|
|

Back flow into upstream network

min. load, G in operation
Pload < Pgen = back flow

min. load, G out of operation

max. load, G out of operation

Similar situation in LV networks — voltage regulation more complicated
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Effect of distributed generation on voltage
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Voltage support of distributed generation

Voltage support by Q control
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