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Abstract: The line losses of distribution network directly affect power supply enterprise's economic effi-
ciency. Firstly, the relation between line losses and running voltage is analyzed in the paper and a conclusion 
is drawn that line losses of distribution network are reduced through regulating running voltage. When Elec-
tricity quality is guaranteed, increasing properly running voltage can decrease line losses under the condition 
of the distribution transformer heavy-load operation and increasing properly running voltage can decrease line 
losses under the condition of the distribution transformer heavy-load operation. But the result is opposite 
when the distribution transformer is under the condition of light-load operation. Then, the function for run-
ning voltage and the least line loss is derived. Finally, dynamic power system experimentations are done. Ex-
perimentation results show that the proposed method is efficiency and applicable. 
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1. Introduction  

Distribution networks can supply power to user. Due to 
impedance, electric energy loss is unavoidable in the 
process of its conversion and transfer. Line losses rate 
represented the ratio to the electric energy loss and the 
all. Reducing losses is important to economic operation 
of distribution networks and increase economic effi-
ciency of power supply Company[1-2].The paper analyses 
the relation between running voltage and line losses un-
der the safe running of our distribution networks .The 
method of decreasing losses are carried out through ex-
perimentations in dynamic power system. 

2. The relation of running voltage and losses 

The distribution networks losses includes the losses of 
line and transformers[3-4],Variable loss varies inversely 
with the square of running voltage. Traditional theory 
regards that line losses can be reduced by increasing run-
ning voltage in distribution network. But the author finds 
that line losses can be increased by increasing running 
voltage under the distribution transformers heavy-load 
operation. The reason is that invariable loss in the distri-
bution transformer varies directly with the square of run-
ning voltage. If the load is high, the line losses can be 
decreased by increasing running voltage because the rate 
of variable loss is larger than the one of invariable loss. 
While the load is light, the line losses can be increased by 
increasing running voltage because the rate of invariable 
loss is larger than the one of variable loss. In a word, 
considering load the line loss is decreased only by means 

of regulating running voltage of the distribution networks 
[5-7]. 

3. The Mathematical Model between the 
running voltage and line losses 

3.1 The objective function for the minimum total loss 
ratio 

The line losses of power networks is the sum total of all 
component loss. Load Flow Calculation method is used 
to 35 kV and above complex power networks. The 
methods of normal root-mean-square electric current and 
equivalent resistance are used to 10 kV and below mid-
dle or low-voltage distribution power System. The paper 
provides the objective function for the minimum total 
loss ratio by method of equivalent resistance. 

There are n lines and m transformers whose running 
voltage are equal in distribution networks, all transform-
ers are running on condition of rated voltage being UN 
b ef o r e  th e  r unn ing  vo l t ag e  i sn ’ t  r eg u l a t ed . 

Mathematical formula about m transformers’ invari-
able losses: 
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In the equation : FeP stands for the total invariable 

loss of the all transformers; FejP stands for the invari-

able loss of the j transformer; FejP stands for the no-load 
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loss of the j transformer; NU stands for the rated voltage 

of the j transformer. 
Mathematical formula about the total invariable loss 

of the line: 
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In the equation: liR stands for the equivalent resis-

tance of the i line; lP stands for the total loss of the 

lines;U stands for the running voltage of the transform-
ers; iS  stands for the total apparent power of the i 

line; liI stands for the total current of the i line. 

Mathematical formula about m transformers’ variable 
losses: 
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In the equation (3): cuP stands for the total variable 

loss of the all transformers; cujP stands for the variable 

loss of the j transformer; jS stands for the apparent 

power of the j transformer; NjS stands for the rated ap-

parent power of the j transformer; cujP  stands for the 

short-circuit loss of the j transformer.  
Mathematical formula about the variation percentage 

of invariable loss: 
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Mathematical formula about the variation percentage 
of line loss:  
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In the equation: '
iS  stands for the total apparent 

power of the all transformers in the i line when running 
is NU .The small change of voltage lead to the small 

change of apparent power in power networks, and 

ii SS ' is feasible. 
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Mathematical formula about the variation percentage 
of the total loss: 
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In the equation: '
jS stands for the apparent power of 

the j transformers when running is NU ; jj SS ' is ap-

proximately considered.   

In the equation : C stands for the ratio of the in-
variable loss to the total loss, 1-C stands for the ratio of 
the variable loss to the total loss. 

Through the above analysis, the objective function for 
the minimum total loss ratio is found: 
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3.2 The method to optimal running 'U  based on the 
minimum variation percentage of the total loss 

To calculate the differential of the equation and 
the derivative equal 0 . 

0
%)(
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Mathematical formula about the minimum variation 
percentage of the total loss is obtained, while U in the  
equation   is taken into the  equation.                           

1)1(2%)(  CCPMin                 

According to the equation , when the ratio of vari-
able loss to the total loss is greater than 50%, the loss is 
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decreased by increasing running voltage. In the equation 

, 4
1)1(  CC and 0%)( PMin .The method of 

the optimal running voltage are:  

(1) If U  which comes from the equation  causes 

maxmin UUU  ( maxmin ,UU stands for the maximum or 

minimum value of voltage which is safe),U  is the opti-

mal running voltage, that is UU ' .The equation of the 
minimum variation percentage of the total loss 

is: 1)1(2%)(  CCPMin  . 

(2) If U which comes from the equation (9) causes 

minUU  , that is min
' UU  ,The equation of the mini-

mum variation percentage of the total loss is: 
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(3) If U which comes from the equation causes 

maxUU  , that is max
' UU  , The equation of the mini-

mum variation percentage of the total loss is:
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3 Dynamic power system experimentations 
analysis 

Decreasing loss strategy which is put forward in the pa-
per is tested by data of the second transformer in substa-
tion which comes from myself distribution network, 
these data is in the Table 1. 

 
Table 1. Distribution network parameters 

Name of line 
402 
line 

404 
line 

406 
line 

408 
line 

410 
line 

Active power 
quantity 

(kWh/24h) 
35864 48240 28800 4320 14800 

variable loss 
of the all 

transformers 
(kWh) 

67 38 46 31 9 

invariable loss 
of the all 

transformers 
(kWh) 

151 134 146 31 210 

loss of the all 
lines(kWh) 

394 400 81 1 121 

In according to the data of Table 1 and UN=10.5kV, 
The below conclusion is obtained: C＝0.3613，1－C＝
0.6387, U=12.1kV. Due to U>Umax and Umax=10.7kV, 

that is max
' UU  . 'U  can be regulated though trans-

former taps. Compare to max
' UU  ， the minimum 

variation percentage of the total loss is -0.97586
％ .Thus，Distribution network including the second 
transformer consumed 38366250kWh active power in 
2005. In this year the saved electric energy are calcu-
lated：38366250×0.0097586＝374400.8873kwh；and 
If per kilowatt hour electric energy costs 0.45 yuan，the 
saved electric energy is converted into Ren-
minbi :0.45×374400.8873＝168500 yuan. 

4 Conclusion 

Traditional theory regards that line losses can be reduced 
by increasing running voltage in distribution network. 
The relation between line losses and running voltage are 
analyzed in the paper and a conclusion is drawn that 
when the distribution transformer is under the condition 
of heavy-load operation, improving running voltage can 
decrease line losses while the result is opposite when the 
distribution transformer is under the condition of light-
load operation. Finally, the method of determining run-
ning voltage with the least line loss is derived. The pro-
posed method in the paper has been approved by testing 
results. 
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