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Abstract. In order to improve the reliability of distribution network operation, this paper proposes
amethod that through adjusting the distributed power output to reduce the closing loop current.
Mainly by regulating the operation state of the distributed power to change the power flow
distribution, reduce the voltage difference on the ends of the close loop point, thus to reduce the
closing loop current value, ensure safe and reliable operation of the power distribution network.
Through the simulation example, the method can effectively reduce the closing loop current, has
certain guiding significance to the actual distribution network operation scheduling.

Introduction

Generally speaking, in China the distribution network is radial power supply network, adopts a
"closed loop design, open loop operation” mode of power supply. In the maintenance or failure
Situation, we can achieve uninterrupted load through opening or closing loop, so asto improve power
supply reliability. Dueto voltage difference exists at the ends of the closing loop point, the closing loop
current can be produced when closing the loop. Closing loop operation not only can produce a steady
circulation current in the network, and will have alarger impact current on closing loop instant, which
will directly affect the safe operation of power grid.

With the development of smart grid, distributed power/energy storage/controllable load content
constantly increase in distribution network. It provides a new control method for the dispatching
operation of distribution network.

By adjusting the running state of the distributed power supply, we can effectively adjust power flow,
reduce the difference voltage on both ends of the closing loop point, thus to reduce the closing loop
current. Thus, it’s necessary to study the producing mechanism of closing loop current, and develop a
control strategy for the distributed power supply that can reduce the closing loop current.

Discussion of production mechanism of closing loop current

Under normal operating conditions, distribution network structure in Chinaisaradial power supply
network. And the schematic diagram of closing loop is as shown in Figure 1.
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Figure 1 Schematic diagram of closing loop
Assumethat a, b stand for the ends of closing loop. Based on Thevenin's theorem, look in to the net
fromaand b, an equivalent circuit as Figure 2 can be formed.
Zeq

_ Figure 2 The Thevenin equivalent circuit
In Figure 2, Uz stands for the equivalent potential, that is the difference voltage between aand b

before the loop is closed; Za stands for the equivalent impedance, that is, for the network of all power
supply voltage is zero, the total impedance if we look into the net from aand b two points.

Assume that there is a unit current injection in a, /o= 12 0°, and there is a negative unit current
injection in b, Iy=-1, 0°,and there is no current injection in other nodes. In this way, we can get the
voltage value on aand b, and through Uz, Us,we can get the equivalent impedance Zeq.

Zog =Ug— Uy )

From the node admittance matrix Ynxn , we can get the node impendence matrix Zwxn , and
Zrun=Y " man According to U =21, we can get:

u, (211 Zya v Zypy v Zia]

,|T_:||’III ZE,:L cas ZE,E cas zﬂ,b zﬂ,n 1

U, Zyy v Zya vt Zyy 7 Zpaf| 1

Un -zn,l = zn,a = zn,b ‘Zn,n_ 0 (2)
We can get from the formula that:
Upg=Zaa—Zap , Up =Zpa— Zpp (3)

In the formula, Zaa is the self impendence of a, Zep js the sdlf impendence of b, Zap and Zea s the
mutual impendence between aand b. From formula(1) and formula(3) we can get:
qu =Za,a +Zb,h _Za,b _zh,a (4)
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Then we can get the maximum value and the effective value of the instantaneous impact current:

fim =VZI[1+ exp(—0.01/T,)] (5)

Lim = 1o/1T + 2[exp(=0.01/T)]? (6)

I.= Foc . . . . . = =

Intheformula © = isthe steady circulation current after closing the loop switch, L

So, the impulse current issteady circulation by a fixed coefficient. And both the steady
state circulation current and the impulse current is proportiona to the difference voltage between the
ends of closing loop.

R,

The control strategy of distributed power supply

Generally speaking we can get the value of active power, reactive power and the amplitude of the
voltage from the SCADA system. But, usually, we can’'t get the voltage phase. Someone put forward
that we can get the voltage phase by calculating the power flow of the whole net. But it need a lot of
calculations.

The 220kV and above system isaways aring network with lessimpendence than the network of the
distribute network. So in this paper, we assume that the phase of the 220kV is zero. In this paper, we
calculate the voltage phase by forward and backward substitution method. We only count on the
elementsthat connect the ends of the closing loop to the 220kV system. And the remaining part of the
network equal to loads.

The calculate formulas of forward and backward substitution method is as following:

_ PaR+QLR
AU = —U; (7)
5U = P2¥=@aR
v . (8)
— -1
6=tan™ (9)

[ z z
U= (U +40r + (8U) (10)

In these formulas, = is the active power of the ending node, @- is the reactive power of the
beginning node, R isthe resistance of the elements, X isthe reactance of the elements, AU isthe vertical
component of the voltage, U is the horizontal component of the voltage, U. is the voltage of the
beginning node, U: is the voltage of the ending node.

In the power system, the active power associates with the voltage phase, the reactive power
associates with the voltage amplitude. We can adjust the reactive power by adjusting the inverters of
the distributed power supply, and adjusting the controllable loads. We can adjust the active power by
collaborative scheduling the distributed power, energy storage, controllable load.

Firstly, we should calculate voltage by the method mentioned above. Then calculate the closing loop
current through the method put forward in part 2.1f the closing loop current istoo large for the system.
We can adjust the voltage phase ahead by reducing the active power consumption and increasing the
active power output, in the opposite way, we can adjust the voltage phase backward. In asimilar way,
we can adjust the voltage amplitude greater by increasing the reactive power output and decrease it by
reducing the reactive power. In thisway, we can reduce the difference voltage between the ends of the
closing loop. Then, calculation of the current of closing loop. If the current is till too large for the
system, repeat the steps above until the current meets the requirement.

Simulation
This paper selects the system in Hebi. The structure of the system is shown in Figure 3.
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Figure 3 The structure of the power system in Hebi
Assume that there is some controllable distribute power supply content. In the original system, the
load of the Qibin station is 9MW, 3MVar; the load of the Weihe station is 4AMW, 1.2MVar. When
closing the loop, the peak current is 750.7A. After adjustment, the load of the Qibin station is 8MW,
3MVar; the load of the Weihe station is 5SMW, 1.7MVar. When closing the loop, the peak current is
373A.
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Figure 4 The current of the closing loop

Summary

This paper first analyses the calculation method of closing loop current, and put forward a control
strategy of the distributed power output to decrease the closing loop current. Then through smulation,
proved that it’s effective to reduce the closing loop current by the control strategy put forward in this

Paper.
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