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ABSTRACT 

To improve the security and reliability of a distribution network, several issues, such as influences of operation con-
strains, real-time load margin calculation, and online security level evaluation, are with great significance. In this pa-
per, a mathematical model for load capability online assessment of a distribution network is established, and a repeti-
tive power flow calculation algorithm is proposed to solve the problem as well. With assessment on three levels: the 
entire distribution network, a sub-area of the network and a load bus, the security level of current operation mode and 
load transfer capability during outage are thus obtained. The results can provide guidelines for prevention control, as 
well as restoration control. Simulation results show that the method is simple, fast and can be applied to distribution 
networks belonged to any voltage level while taking into account all of the operation constraints. 

Keywords: Distribution Network, Online Security Assessment, Loading Capability, Variable Step-Size Repetitive 
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1. Introduction 

The distribution network transmits the electricity from 
load centers to the customers. The accurate real-time as-
sessment of its load capability and the allowable load 
margin is of great significance. Because the sufficient 
power supply capability is a prerequisite to ensure the 
distribution network operate securely and reliably. Espe-
cially with the development of distribution management 
system (DMS) and distribution automation system (DAS), 
the selection of an economic operation mode of the dis-
tribution network with the variation of the load is possi-
ble [1], which makes it more necessary to evaluate the 
load capability of the current operation, and to change 
the operation mode immediately in order to avoid vio-
lation and faults. Only in this way it is possible to en-
sure the security and reliability while pursuing the 
economic object. When there are faults have taken 
place in the distribution network, the load of the 
non-fault section should be transferred to its adjacent 
feeder immediately in order to reduce the range and 
time of outage. Thus it is needed to evaluate the load 
acceptability of its adjacent feeder to determine the 
load quantity that can be transferred. For these reasons, 
it is of great significance to investigate the load capa-
bility of a power distribution network. 

With the in-depth going of the electricity market, the 
research of the load capability of transmission networks 
is paid more attention and certain achievements are ob-
tained [2,3,4]. But the research of load capability of dis-
tribution network is little. The few studies were only 

through the statistical indexes [5,6,7,8], such as the ca-
pacity to load ratio of substations and the average of line 
load ratio, which can be just used for the qualitative as-
sessment in general terms. The results may be helpful to 
the distribution network planning and upgrading, but 
can’t provide any information used for the real-time con-
trol of the distribution network. Furthermore, these 
methods can not take into account the constraint of bus 
voltage limits. So it is necessary to propose a feasible 
load capability assessment method and an effective algo-
rithm to meet the problem while considering various op-
eration constraints. 

In this paper, the mathematical model of the load capa-
bility online assessment of distribution network is estab-
lished, and the improved variable step-size repetitive 
power flow is proposed to solve the problem. The evalua-
tion is carried out in three perspectives: the entire dis-
tribution network, a sub-area of the network and a load 
bus. According to the assessment results of the whole 
network, the security of the current operation condition 
is divided into three levels: high, medium and low, 
which determines weather or not to take the prevention 
control. During outage the load transfer capability is 
obtained through the load capability assessment of a 
load bus. Simulation is carried out on two distribution 
networks, and the results show that the proposed 
method is simple and fast, and can be applied to dis-
tribution networks belonged to any voltage level while 
taking account into all the operation constraints. 
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2. The Real-Time Assessment of Distribution 
Network Load Capability 

2.1 The Mathematical Model of the Load Capa-
bility Assessment 

The load capability of a distribution network refers to 
how much load the network can sustain before any op-
eration constraint violated when given a load variation 
pattern, such as the constraints of bus voltage or branch 
power. It is determined by the operation mode of the dis-
tribution network and the load variation pattern. The re-
structuring of distribution network, the changes of trans-
former taps or the switching of reactive power compensa-
tion equipments would have impacts on the load capabil-
ity. So it is time-varying and must be assessed online 
based on the practical operation condition. 

In the power transmission system the main factors that 
limit the power transmission capability are thermal limi-
tation, line-voltage-drop limitation and stability limitation 
[2]. In the process of assessment of distribution network, 
the former two factors are taken into account and the sta-
bility limitation is ignored here. In this paper, the maxi-
mum power that is determined by the thermal limit of 
lines and the rated power of transformers are used as their 
upper load limits. And assuming that the higher voltage 
level power network can provide sufficient electricity, 
and the load growth pattern is that the load growth is 
proportional to the actual load. 

According to the above, the objective function of load 
capability of distribution network can be formed as 

0max ( )j dj
j D

S S kS
∈

= +∑             (1) 

where, D  is the area to be assessed, the total number of 
the bus in D  is N , S  is the maximum load that can 
be supplied in area D , 0 jS  and djS  are the actual 

load and the base quantity of the load variation of bus j  

respectively, here we take 0dj jS S= , k  is the multiples 

of load growth. So the first item of the objective function 
is the sum of all the actual loads. In this paper, D  is 
considered as three instances, they are the whole network, 
a sub-area of the distribution network, and just one node. 

The constraints include power flow constraint, the ca-
pacity limits of lines and transformers, and voltage mag-
nitude limits. The formulas are as follows: 

Ai = I                       (2) 

Lk k UkV V V≤ ≤                     (3) 

maxl li i≤                       (4) 

maxt tS S≤                       (5) 

where A  is the bus-branch conjunction matrix, i  is 
the branch current vector, I is the nodal injection current 
vector, Vk, VLk and VUk are the voltage magnitude, lower 
and upper limits of the bus k respectively, il and ilmax are 

the current and its upper limit of line l, St and Stmax are the 
power flow and its upper limit of transformer t. 

2.2 The Classification of Load Capability 
Assessment 

According to the area to be assessed, the load capability 
assessment can be divided into three categories. 

1) The assessment for the whole network 
In this type of assessment, the loads power of all the 

buses in the whole distribution network will increase 
proportionally and continuously until any constraint 
works. Based on the maximum total power, the load ca-
pability and how much more load the network can sustain 
will be known under the certain operation condition. So it 
can be used to judge whether the current operation condi-
tion could bear a certain load fluctuations, also provide a 
signal to determine whether the prevention control should 
be started up. 

Assuming if the loads increase to be K times of the 
original loads when reaching a constraint, that is, if the 
loads increase more there will be a violation occurrence. 
Thus, K could be used to indicate the load capability. In 
Equation (1), when S reaches maximum, the value of 
variable k is expressed as kmax, then K=1+kmax. It is obvi-
ous that the value of K is greater than or equal to 1. The 
larger its value is, the better the load ability is and the 
higher the security level is. So K can be used as a security 
index of the distribution network. In this paper, the secu-
rity level is defined as three grades: high, medium and 
low. If K＞2, the security level is high, which means if 
all the loads is doubled the distribution network can still 
run normally, and no prevention control is needed. If 1.5
＜K＜2, the allowable load margin is acceptable and the 
security level is medium. Although the prevention control 
is not needed yet, the operation condition should be paid 
more attention. If 1＜K＜1.5, the security level is con-
sidered as low, prevention control should be taken imme-
diately to change the current operation condition. Other-
wise there would be violation occurrence if the load has 
any fluctuation. 

2) The assessment for a sub-area 
The loads in the sub-area to be assessed increase pro-

portionally and other loads remain unchanged until a con-
straint works. The load capability acquired could be used 
to judge whether new load can be connected into the 
sub-area and how much loads can be connected. 

3) The assessment for a load bus 
Except the load of the bus that is assessed, all the other 

loads remain unchanged. So the maximum load that the 
bus can supply is obtained. The result is very useful for 
restoration control, because generally the adjacent feeders 
are connected together by tie switches which are open in 
normal operation, once there is a fault in a feeder, the 
loads of which should be translated to its adjacent feeders 
from tie switches as more as possible in order to reduce 
the range and time of outage. In the process of translation, 
the load capability of the bus, that will accept new load, 
should be assessed in order to know how much load can 
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be transferred. Many literatures on service restoration 
neglected the translation capability, and made the as-
sumption that the adjacent feeders can accept all the loads 
that need to be translated [9]. This is inconsistent with the 
fact. 

3. The Repeated Power Flow and its Appli- 
cation in Load Capability Assessment 

3.1 The Introduction of Repeated Power Flow 

The essence of load capability assessment for the distri-
bution network is to acquire a critical point under a given 
load increase pattern. At the critical point, even if there is 
a little load incensement, there will be a violation occur-
rence. So the critical point means the maximum load that 
a network or a bus can supply, and then the load capabil-
ity will be determined. Repeated power flow (RPF) is one 
of the effective methods to calculate the critical point. 
The core idea is while varying a parameter continuously, 
the power flow calculation is done repeatedly until there 
is a violation occurrence. RPF has been used in the cal-
culation of the available translation capability (ATC) in 
the transmission network [10,11]. 

The realization process of the assessment based on 
RPF is as follows, based on the actual operation condi-
tion and the load variation pattern Sd, increasing the loads 
according an appropriate step h, calculating the power 
flow, judging if there is a violation, if not increasing the 
load continuously, otherwise decreasing step size. Itera-
tion is done until the tolerance meets the requirement. 
The operation point that just one constraint action is the 
critical point and the load at the operation point is the 
maximum load the network can supply. 

3.2 The Strategy of Step Size Adjustment 

In the process of assessment the selection of an appropri-
ate step size h is very important. If the step size is large 
the accuracy would be inadequate, or if the step size is 
too small the algorithm would converge slowly. In this 
paper, automatic step size variation method is introduced 
to search the critical point. If in one iteration there is no 
violation the step size will remain unchanged and search 
forward continuously. Otherwise, if one violation occurs, 
the step size will be reduced by half. The iteration is re-
peated continuously until the step size h is reduced to 
satisfy the accuracy requirement. The detailed steps are 
as follows: 

1) Fix the initial step size h0＞0 and convergence tol-
erance ε＞0; 

2) Define the load variation pattern Sd, let S be the ac-
tual load S0, h=h0, K=1; 

3) If h＞ε, go to next step; else if h＜ε, the calcula-
tion is ended and return S and K. S means the maximum 
load capability. So S-S0 is the allowable load margin. K 
is the ratio of the maximum load that the network can 
supply and the actual load; 

4) Calculate S′=S+hSd; 

2h h=

0S S= 0h h= 1K =

dS S hS′ = +

0S

dS

0h
ε

h ε S K

S S ′= K K h= +

 

Figure 1. Flow chart of distribution network load capability 
assessment based on improved variable step-size RPF 

 
5) Run power flow calculation based on the load S′ to 

check if there is any violation, if not continue next step, 
otherwise jump to step 7); 

6) Let S= S′, jump to step 4); 

7) Reduce the step size by half, h=
2

h
, go to step 3). 

The flow chart of distribution network load capability 
assessment based on RPF is as shown in Figure 1. 

3.3 The Advantages of Variable Step-Size RPF 

The algorithm for load capability assessment used in this 
paper has following advantages: 

The application range is wide and all the constraints 
that the distribution network has can be taken into ac-
count; The algorithm is simple and the results are accu-
rate; The burden of the variable step-size RPF calculation 
is low. Generally the maximum load capability is not far 
away from the actual operation point. So in the computa-
tion process if the initial step size h0=2, along with the 
load increment there will be violation occurrence within 
about 4 times iteration. If the convergence tolerance 
ε =2-10, the power flow calculation times is not more than 
14 in the whole assessment process. So the burden of 
calculation is lower absolutely compared with the intelli-
gence algorithms, and it is suitable to solve load capabil-
ity assessment problem online. 

4. Simulation Analysis 
In order to verify the feasibility of the proposed algorithm, 
two examples are simulated. One is a radial distribution 
network with long feeders of 10kV. The other is a multi 
voltage level distribution network. 
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4.1 Case 1 

Figure 2 shows the network configuration of the test sys-
tem that is from an actual city distribution network. The 
voltage level is 10 kV. It consists of 42 buses, 41 
branches and 24 distribution transformers, all the 
branches are buried or aerial cables. Bus 20 is connected 
with an adjacent feeder through a tie switch. The sum of 
current load is 1610+j700 kVA. The upper limits of 
transformers and cables are their rated power and thermal 
limits respectively. The allowable fluctuation range of 
voltage magnitude is 1 5%± . 

MATLAB ® 6.5 is adopted here to program. Running 
the power flow calculation, it can be known that the low-
est voltage in the distribution network is 0.972 and the 
power flow in every branch is allowable. Assuming the 
initial step size 0 2h =  and the convergence toler-

ance 310ε −= , load capability assessment is carried out in 
three aspects. 

1) The assessment for the whole network 
The assessment for the whole network is convergent 

after 11 iterations with the CPU time for about 0.437 
seconds. From the assessment results, it can be known 
that the network can sustain 2848.9 1238.7j+  kVA 

loads, which is 1.77 times of the base instance. So the 
security meets requirement and the current operation 
condition needn’t to be changed. 

2) The assessment for a sub-area 
Assuming the sub-area consists of 6 buses, they are 

bus 15-20. The assessment is convergent after 12 itera-
tions, and the maximum loads in the sub-area can reach 
1491.5 648.5j+  kVA under the current operation condi- 

tion while other loads remain unchanged, which is 3.3848 
times of the base instance, and the voltage magnitude of 
bus 20 reaches its lower limit. 

3) The assessment for a load bus 
In the network, bus 20 is connected to another feeder. 

If there is a fault in the feeder, the loads can be trans-
ferred to bus 20 via closing the tie switch. The load capa-
bility assessment of bus 20 is 1007.2 437.9j+  kVA, 
and the load transferred to bus 20 should be less than the 
amount. Otherwise, the power flow in the branch be-
tween bus 2 and 3 would exceed its upper limit. 

In the simulation process it is found that the voltage 
magnitude constraint often effects and limits the load 
capability, so it is not reasonable to assess the load capa-
bility without voltage magnitude constraint. 

4.2 Case 2 

The second simulation example, which is shown in 
Figure 3, is part of a multi voltage level actual network, 
including three 220kV substations, four 110kV substa-
tions and six 35kV substations. There are 51 buses, 7 
three-winding transformers, 10 double winding trans-
formers and 25 lines. There are tie lines between the 3 
220kV substations. However, in the normal operation 
state they are running separately in order to avoid elec-
tromagnetic loop. So the whole distribution network 
can be divided into three independent areas by the dash 
and dot line as shown in Figure 3. The load in all of the 
whole distribution network is 121.88MW +68.36MVar. 
The allowable fluctuation range of voltage magnitude 
of 35kV and 110kV is 1 10%±  and that of 10kV is 
1 5%± . 

 

 

Figure 2. A 10 kV distribution network consists of 42 buses 
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Figure 3. A multi-voltage level distribution system containing 51 buses 
 

Table 1. The loading capability evaluation results of the three areas 

 Area 1 Area 2 Area 3 
Active power (MW) 51.09 22.19 48.60 

Base instance 
Reactive power(MVar) 32.11 9.36 26.89 

Active power (MW) 38.17 31.43 27.50 
Remaining load margin 

Reactive power(MVar) 23.99 13.26 15.22 
Maximum load increase multiple K 1.7471 2.4164 1.5659 

Active constraint 
The power of transformer 
among Bus 117, 16 and 47 

exceed limit. 

The voltage of Bus 11 is 
over limit. 

The power of transformer 
among Bus 222, 115 and 40 

exceed limit. 

 
1) The load capability assessment of 3 areas is all car-

ried out and the results are shown in Table 1. The load 
increase multiple K of Area 2 is maximal among the 3 
areas, which is up to 2.4164. So the load fluctuate endur-
ing ability is best in the area. The remaining load increase 
allowance of Area 1 is maximal, which is 38.1693MW + 
23.9894MVar. The security of the 3 areas all meets re-
quirements. 

2) If there is a short circuit fault in line 52, the switches 
on the two ends of the line should be opened in order to 
isolate the fault. And the load supplied by Bus 42 should 
be transferred to Bus 41 of Area 1. Thus the load capabil-
ity of Bus 41 should be evaluated real timely to decide 

whether the lost load can be restored, that is, whether or 
not some load should be cut. 

The maximum load that can be supplied by Bus 41 
can be obtained by the method proposed in the paper, 
and the value is 19.12MW+12.70MVar, otherwise the 
current of Line 51 will exceed limit. So the remaining 
load margin is 13.52MW+8.98MVar, which can supply 
the entire lost load. Therefore no load needs to be cut; 
just close the tie switch 80 then the entire load will be 
restored. 

As discussed above, the load capability assessment re-
sults, such as the maximum load that the network can 
supply and the allowable load margin, can provide a sci- 
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entific signal to determine whether the prevent control or 
restoration should be started. 

5. Conclusions 

Many research works on the distribution network recon-
figuration have been done in order to minimize the power 
loss by adjusting the operation mode with the load varia-
tion. Although the total loss decreases, it brings forward 
new challenges to the distribution network’s security and 
reliability. This paper proposed an online load capability 
assessment strategy, which could figure the security level 
timely. The allowable load margin acquired can be used to 
determine whether to take the prevention control. The 
maximum load that can be transferred after outage is of 
great significance in the restoration control. The variable 
step-size RPF algorithm has a low calculation burden and is 
suitable to solve load capability assessment problem online. 
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