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Abstract: 

Prone to problems flow calculation does not converge at the scheduled maximum power 

operating mode, the current operating personnel inability to visually observe the system state, 

convergence can only be adjusted by trial and error approach. Solving the problem of non 

convergence of power flow plays an important role in power system analysis. Based on the 

intermediate process of solving the Newton method, the concept of an approximate fashion, the 

relation between convergence and voltage stability is calculated by analyzing the trend of the 

voltage characteristics similar trend as the main basis of the judgment result in the trend does 

not converge, based on voltage sensitivity further, by improving the convergence of the method 

to boost the voltage level indirectly. Finally, after the New England 39-bus system to verify, by 

demonstrating the relevance and accuracy of the proposed method. When not solve the problem 

of the convergence trend is not impressive, it has a certain reference value for practical 

application. This study has a good application prospect in practical engineering application 

Keywords: Convergence, Approximation flow, Sensitivity, Voltage stability. 

 

I. INTRODUCTION 

When arranging the operation mode, it is necessary to simulate the system state under the 

maximum operation mode. Because of the factors of large scale and high load level, the problem 

of nonconvergence of power flow calculation often occurs. Because operators can't observe the 

system state directly, they can't adjust the convergence through the power system knowledge they 

are good at. The existing manual power flow adjustment methods only stay at the level of trial 

and error with experience, so the adjustment effect is not ideal. 

The existing research on the convergence of power flow calculation focuses on the analysis 
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of three factors which affect the convergence of power flow calculation, model parameters and 

injection data. 

In terms of solving methods, many methods for solving nonlinear equations have been applied 

to power flow calculation among which Newton method is the most widely used [1]. In view of 

the sensitivity of Newton method to initial value, references [2,3] proposed to use other initial 

value insensitive calculation methods for initial iteration, so as to provide better initial value for 

Newton method; the convergence theorem of power flow calculation is proposed in [4], which is 

used to analyze the convergence problem of power flow caused by improper selection of initial 

value of Newton method. In order to improve the accuracy of calculation model, Japanese scholar 

Iwamoto first proposed a rectangular coordinate Newton algorithm with second order terms 

which has good convergence reliability and convergence speed [5]. In addition, some improved 

algorithms such as optimal multiplier method [6-8], nonlinear programming method [9-11], 

Levenberg–Marquardt [12-14] are applied to power flow calculation, and the range of solving 

power flow equation is further expanded. 

In terms of model parameters, the research on the transformation of different types of nodes 

is of typical significance. Reference [15] introduced the conversion logic between PQ node and 

PV node in detail and cited the control relationship between reactive power and voltage as the 

improvement of node type conversion. The index of reactive power shortage and searching the 

nodes with insufficient reactive power can solve the problem of non- convergence caused by 

reactive power imbalance [16]. 

In terms of injection data, the typical research on improving power flow convergence from 

the perspective of injection data mainly relies on sensitivity method and nonlinear programming 

method. In the sensitivity method, reference [17] proposed to select and adjust the generator 

output, terminal voltage, load power and other variables to improve the convergence. In reference 

[18], the primal dual interior point method is used to solve the minimum nodal power cut off 

considering the system inequality constraints. In reference [19], the power factor of the 

unresectable load is fixed and the solving dimension is reduced by using the load shedding ratio 

instead of the load shedding amount as the objective function. 

In terms of data injection, the typical method is to improve the convergence of power flow by 

means of sensitivity method and nonlinear programming method. Reference [17] proposed to 

select and adjust the generator output, terminal voltage, load power and other variables to improve 

convergence through sensitivity calculation. In reference [18], the objective function is to 

minimize the node power cut, and the inequality constraints are considered, and the primal dual 

interior point method is used to solve the problem. In reference [19], the load shedding ratio is 

used instead of the load shedding amount as the objective function. Meanwhile, the power factor 

of the unresectable load is fixed and the solution dimension is reduced. 

In recent years, with the help of the intermediate variables in the iterative process, the research 

on the convergence of power flow has been paid more and more attention. References [20] 

defined a method for identifying ill conditioned features based on voltage attenuation index, and 
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established a planning model based on the ill conditioned characteristics. Reference [21] proposed 

an index to measure the error between intermediate variables and injected data to quantitatively 

evaluate the gap between initial power flow and intermediate power flow. 

This paper clarifies the relationship between power flow convergence and voltage stability 

and proposes a concept of approximate power flow. The method of increasing the voltage level 

indirectly improves the convergence by using the voltage characteristics of the approximated 

power flow as the main basis for judging the failure of the power flow. Finally, the IEEE39-bus 

system is simulated to verify the pertinence and accuracy of the proposed method.  

 

II. THE RELATIONSHIP BETWEEN POWER FLOW CONVERGENCE AND SYSTEM 

VOLTAGE STABILITY 

Mathematically, the non-convergence of power flow calculation shows that the power 

equation cannot be solved accurately and it shows that some electrical parameters are extremely 

over-limit which leads to the limit state of the power system and cannot operate safely and stably 

in physics. The surge of electricity load and the transmission mode of high-voltage, long-distance 

and large-capacity transmission tend to cause voltage instability problems. According to the 

bifurcation principle, a small increase in load at this time may cause a sharp drop in voltage. From 

a mathematical point of view, the above situation often occurs at the case that Jacobian matrix is 

close to the singularity which leads to nonconvergence of calculation. 

Taking the PV curve of power system as an example, when the system load is at a low level, 

the voltage stability is good, and the conventional iterative method can easily obtain the system 

power flow; with the increase of the load level, the system voltage stability gradually deteriorates. 

If the power flow calculation is carried out, a reasonable initial value or other auxiliary calculation 

strategies should be given; when the load level continues to increase, the voltage level is greatly 

reduced, and the conventional power flow algorithm can not meet the calculation requirements. 

In this case, the continuation method and other means are needed to obtain the solution; finally, 

when the operating point touches the saddle node bifurcation point of PV curve, the voltage 

collapses, and the power flow equation has no solution completely. 

Taking PV curve of power system as an example (as shown in figure 1), the voltage stability 

is good and the system power flow can be easily obtained by conventional iterative solution when 

the level of low is low. As the load level increases, the system voltage stability deteriorates 

gradually. At this time, a reasonable initial value or other auxiliary calculation strategy is needed 

for power flow calculation. When the load level continues to increase, the voltage level decreases 

greatly and the conventional power flow algorithm can no longer meet the calculation 

requirements. Finally, when the operating point reaches the saddle bifurcation point of the PV 

curve, the voltage collapses and the tide breaks down which leads to flow equation has no solution 

at all. 
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Fig 1: Schematic diagram of P-V curve 

It can be found that the convergence of the power flow calculation and the voltage stability 

of the system can influence each other to some extent which can provide reference for the 

adjustment of the power flow convergence. 

 

III. ANALYSIS OF THE INTERMEDIATE PROCESS OF NEWTON METHOD 

ITERATION 

Newton iteration method is the most common computer solution for solving power flow 

equations in power systems. It produces a large number of intermediate variables in the 

calculation process, and the intermediate process of the current iteration contains important 

information. 

Each iteration calculation is a process of linearizing the power flow equation. Therefore, a 

complete set of power flow forms can be obtained by perfecting the calculation of branches and 

balance nodes in each iteration which is called intermediate power flow in this article. Each 

electrical quantity in the intermediate power flow system satisfies the linearized power flow 

equation. It can be understood that under the condition of data injection that cannot be converged, 

if the convergence criterion is relaxed the iteration can approximately converge to a set of 

solutions with certain errors that is the intermediate power flow is a set of power flows that 

converge but have inadmissible errors in the injection space. 

The difference between the intermediate power flow and the initial power flow is represented 

by Δy. After Δy is given, Δx is solved through a modified equation and the initial value of the 

next iteration is updated with the help of Δx to establish the connection between the two iterations. 

In the process of solving, the change trend of the correction amount reflects the convergence 
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ability of the iterative calculation. When the correction amount gradually tends to decrease until 

the accuracy requirements are met, the Newton iteration can achieve convergence. 

 

IV. APPROXIMATE TIDAL CURRENT 

In order to obtain a power flow that is more fully close and convergent to the injected data, 

this paper proposes a concept of approximate power flow. Approximate power flow can provide 

reference for the convergence adjustment of the injected data by analogy with the physical 

problems that may exist in the similar power flow. 

4.1 Propose  

The approximate power flow is obtained by further narrowing the gap on the basis of the 

intermediate power flow. According to the iterative calculation principle, the injected power will 

be more or less gaps between the intermediate power flow and the intermediate power flow. 

Under extreme conditions, it is assumed that the injected data is an intermediate power flow, the 

power flow can converge under the same starting conditions. It can obtain a set of convergent 

power flows that are more similar to the injected data through compressing the error between the 

intermediate power flow and the initial power flow. When such a power flow is analyzed and 

compared to the injected data, it is more accurate than the intermediate power flow. In this paper, 

the form of power flow obtained by compressing the error of the intermediate power flow is called 

the approximate power flow. Figure 2 shows the interrelationship between injected data, 

intermediate power flow and approximate power flow. 

Intermediate power 
flow

Injection data
Approximate tidal 

current
Full similarity

Iterative 
calculation

Compression 
error

 
Fig 2: Relationship map 

4.2 Acquisition Method 

Taking the Newton method to calculate the power flow in the polar coordinate system as an 

example, it is assumed that the initial power flow equation that needs to be adjusted for 

convergence is: 

 * *y f x                                (1) 

After n iterations, n linearized approximate intermediate power flows are obtained 
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                             (2) 

With the aid of Δy reflecting the characteristics of the error relationship between the 

intermediate flow and the injected data, there are corresponding error evaluation indicators for 

evaluation: 

max maxE y                              (3) 

By comparing the minimum index values under each iteration, an intermediate power flow 

with the smallest error with the injected data can be found, which is described as: 

 k k ky f x                              (4) 

The error between the intermediate power flow data and the injected data is Δyk  
*k ky y y                                (5) 

The power data of the intermediate power flow is replaced with the original data one by one 

in the order of Δy from large to small, and the power flow calculation is performed until the 

convergence boundary is reached. The power flow form at this time is defined as the approximate 

power flow. Compared with the intermediate power flow, the approximated power flow data is 

closer to the injected data under the premise of ensuring convergence. Therefore, the adjustment 

action is determined by identifying the system defect of the approximated power flow. Figure 3 

below shows the process of obtaining the approximated power flow: 
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Fig 3: Approximation of the trend of the acquisition flow 

 

V. RATIONALITY EVALUATION AND ADJUSTMENT ACTION SETTING OF TIDAL 

CURRENT 

5.1 Power System Performance Evaluation 

The operating state of the power system is generally divided into five basic operating states: 

normal state, alert state, emergency state, system crash and recovery state and their relationship 

is shown in the figure 4. Whether to meet the corresponding operating constraints is an important 

evaluation criterion to determine the operating status. 

When the system operates stably and economically, the power flow satisfies the constraint 

conditions of the equation inequality and the system is in a normal state; as the operating 

conditions gradually deteriorate and the reserve coefficient gradually decreases, it switches to the 

alert state. In this case, although the constraint conditions are not damage, but the operating 

economy of the system cannot be guaranteed; when the operating conditions deteriorate further, 

the inequality constraints will be destroyed, and long-term operation will cause a series of 

problems such as thermal stability, and the system will enter a state of emergency; if the operating 

conditions become worse, the system normal operation will not be possible, the equation 
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conditions will be destroyed and the system will collapse; if the collapsed power system is 

restored to normal operation, it needs to go through a recovery state to drive the load again. 

Normal state

Alert state Recovery status

state of emergencySystem crash

Re connect load

Prevention and 
control

Reduction of 
reserve 

coefficient

emergency 
control 

Juxtaposition

Disarrangement

Inequality 
constraints are 
not satisfied

 
Fig 4: The basic operation of the power system state 

The above process can be found that when the normal operation state of the system is 

gradually broken, the inequality and equality constraints will be gradually broken. At this time, 

appropriate adjustment actions need to be made to adjust the corresponding abnormal operation 

state to avoid the grid operation situation.  

5.2 Adjust Action Settings 

5.2.1 Adjust Generator Output 

In the power flow adjustment, the system power balance can be adjusted by changing the 

generator power factor. In extreme cases, the generator can also operate as a regulator and only 

supply reactive power; adjusting the generator excitation current can change the terminal voltage 

amplitude to improve the reactive power distribution to meet the voltage requirements of the 

entire system. The adjustment method of adjusting the generator output does not require 

additional investment and it is flexible and has significant effects which is the first choice for 

power flow adjustment action selection. 

5.2.2 Regulating Transformer Tap 

As a carrier of energy transmission, the transformer itself does not have the ability to send 

and receive power but adjusting the transformer tap can improve the regional reactive power 

distribution and increase the voltage level. Transformer taps should not be adjusted frequently, 

and improper adjustment may cause voltage instability. 

5.2.3 Compensation Device 

Compensation devices are divided into series compensation and parallel compensation. 

Among them, series compensation is parameter compensation which is to reduce the reactance 

and shorten the electrical distance by connecting capacitors in series on the line, but it is generally 
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used only as an auxiliary adjustment method because the actual operation is difficult; parallel 

compensation refers to the use of capacitors and reactors for static reactive power compensators 

which are connected in parallel in the system to absorb or emit reactive power. Parallel 

compensation can effectively avoid voltage loss and reduce network losses but its compensation 

capacity is fixed and increase construction and maintenance costs. 

5.3 Sensitivity Analysis 

The sensitivity matrix is a modification of the Jacobian matrix in the power flow equation. 

The general formula for power flow calculation is: 

 

 

, 0

,

f x u

y y x u

 



                                    (6)   

Where: x is a state variable, such as node voltage, phase angle, etc.; u is a control variable, 

such as generator node active power, voltage, etc.; y is a dependent variable, such as power 

flowing through a line, etc. 

Linearize the power flow equation at the operating point: 

xu

yu

Δx S Δu

Δy S Δu





                                (7) 

Where Sxu and Syu are the sensitivity coefficient matrix: 
1

-xu T T

f f
S

x u


  

  
  

                             (8) 

yu xuT T

y y
S S

u x

  
   
  

                           (9) 

5.3.1 Load Node Voltage-Generator Terminal Voltage Sensitivity 

Reactive power-voltage correction equation: 

-L V Q                                 (10) 

There is no generator node in the calculation of the polar coordinate system, so the generator 

bus is extended to the above formula: 

-
LL LG L L

GL GG G G

L L V Q

L L V Q

      
     

      
                       (11) 

When adjusting the generator voltage, assuming that the reactive power of the load bus 

remains unchanged, there are: 

0LL L LG GL V L V                              (12) 

 1-L LL LG GV L L V                             (13) 

Let -1

LG LL LGS =-L L  and 
LGS  be called the generator voltage-load node voltage sensitivity 

matrix. 

5.3.2 Load Node Voltage-Generator Reactive Power Sensitivity 
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-1

-
L LL LG L

G GL GG G

LL LG L

GL GG G

V L L Q

V L L Q

R R Q

R R Q

      
     

      

   
    

   

                    (14) 

It is assumed that the reactive power of the load bus does not change, there are: 

L LG G

G GG G

V R Q

V R Q

  

  

                            (15) 

Among them: 
1 1

GG GG GG GL DD LGR L L L L L                            (16) 

That is equivalent to eliminating the load node and only retaining the equivalent network 

admittance matrix of the generator node. 

5.3.3 Load Node Voltage-Transformer Ratio Sensitivity 

Assuming that the micro-increment of the transformer ratio is Δt, the generator bus voltage 

and the reactive power injection amount of the load node do not change at this time the sensitivity 

relationship can be obtained: 

0L L

L LT T

L

Q Q
Q V t

V t

  
        

                   (17) 

1

L L

Lt T T

L

Q Q
T

V t



   
        

                      (18) 

LtT  is the sensitivity matrix of load node voltage to transformer ratio. 

 

VI. EXAMPLE ANALYSIS 

The calculation example uses a modified IEEE-39 bus system and the system is shown in 

Figure 5. The system has ten generators and bus-31 of which is balance bus, the remaining 

generators are PV bus, and bus-1 to bus-29 are PQ buses. The system voltage level is 345kV, and 

the whole system has 46 lines without transformers. The total load is now doubled, and a normal 

distribution noise with 0.2 as the mean value and 1 as the variance is applied. The increased power 

is borne by the generators according to the original power generation ratio.  
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Fig 5: New England 39-bus system 

6.1 Obtaining Approximate Power Flow 

Bringing the above model into the simulation tool for calculation, the power flow has not 

converged after 20 iterations and the iteration error is shown in Figure 6. According to the 

indicators mentioned above, the smallest indicator appears in the fifth iteration, and the smallest 

indicator value is 0.2297 [p.u.]. 
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Fig 6: Iterative error curve 

According to the approximate power flow acquisition method introduced above, all 

corrections are sorted from large to small, and the intermediate power flow data is replaced with 

the injected data according to the sequence, until the convergence boundary is reached, and 38 

data replacements are performed when the boundary is reached. , The total replacement amount 

and replacement part are shown in Figure 7. It shows that in this example, after nearly half of the 

parameters are replaced, a similar power flow is obtained. In other words, in the similar power 
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flow, one data that is close to general is the original injection data, which is closer to the injection 

parameters than the intermediate power flow. 
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Fig 7: The amount of data replacement 

The calculation result of the approximate power flow is shown in Figure 8. From the figure, 

it can be found that the lowest voltage of the system appears at bus-27 (0.6 p.u.), and the voltage 

of the bus-26 and bus-17 directly connected to it are seriously low. Therefore, it is judged that the 

extremely low voltage of node 27 may be the cause of the non-convergence of power flow 

calculation. Therefore, it is considered to adjust the low voltage of node 27. 
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Fig 8: Voltage condition of the acquisition flow 

6.2 Adjust Device Selection 

The method of adjusting the low voltage by changing the voltage of the generator terminal is 

adopted. The bus-27 and bus-26 with the lowest voltage are selected to calculate the sensitivity 

of each generator relative to the voltage of the two buses. 

To calculate the sensitivity of each generator terminal voltage to the voltage, it is necessary 

to calculate the augmented matrix as shown in Figure 9. 
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Fig 9: Augmented matrix schematic 

According to formula (13), the sensitivity calculation results are shown in Table 1. It can be 

seen that the voltage of 38-bus has the highest sensitivity to the corresponding load node, so the 

voltage of 38-bus is selected for adjustment. 

TABLE I. No.27 node voltage of the generator terminal voltage sensitivity 

 

alternator sensitivity alternator sensitivity 

Gen30 0.150 Gen35 0.120 

Gen31 0.060 Gen36 0.067 

Gen32 0.076 Gen37 0.164 

Gen33 0.114 Gen38 0.255 

Gen34 0.051 Gen39 0.069 

 

In addition, the 38th generator directly supplies power to the low-voltage area after passing 

through the bus-29, and the correlation is the strongest, so it is reasonable to judge the required 

sensitivity. 

6.3 Comparative Display of Adjustment Effect 

Choose to appropriately raise the initial value of PV bus voltage to obtain power flow 

convergence. In order to modify the original data as little as possible, the power flow is converged 

when the node voltage setting value is raised by 0.02 [p.u.]. The adjusted system flow is shown 

in Figure 10. 
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Fig 10: Modified voltage situation 

In addition, in order to prove the accuracy of defect recognition and the pertinence of the 

adjustment strategy, the same adjustment amount is applied to the given voltage of the other eight 

PV bus. It can be seen from Table 2 that when the same voltage increment (0.02 [p.u.]) is applied 

to other bus, except for the 38 bus, increasing the given voltage of any other bus cannot make the 

power flow converge. 

TABLE II. Adjustment effect of the same adjustment amount applied to different 

generators 

 

alternator EMax result alternator EMax result 

Gen30 0.151 Non convergence Gen35 0.145 Non convergence 

Gen31 - - Gen36 0.173 Non convergence 

Gen32 0.158 Non convergence Gen37 0.146 Non convergence 

Gen33 0.157 Non convergence Gen38 2.4e-08 convergence 

Gen34 0.19 Non convergence Gen39 0.178 Non convergence 

Further 

In order to further explore the extent to which the terminal voltage of each generator can be 

increased to converge the power flow, the traversal method is used to increase the terminal voltage 

of the generator in steps of 0.01 until the power flow is converged. The terminal voltage 

adjustment amount of each generator is shown in Figure 11, and mark the two buses voltage 

sensitivity calculated in Table 2 together in the figure. It can be seen that the bus with higher 

sensitivity has a smaller adjustment value, while the bus with lower sensitivity has a larger 

adjustment value. There is a certain degree of negative correlation between terminal voltage 

adjustment and sensitivity. 
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Fig 11: The amount of the sensitivity and the voltage regulator 

This shows that the pertinence and accuracy of the adjustment method can be guaranteed. 

What needs special explanation is that the analysis method based on the rationality of 

approximate power flow proposed in this paper only serves the problem of non-convergence 

adjustment of injected data. The adjustment method focuses on improving the convergence of the 

power flow. Whether the adjusted system power flow can satisfy the safe and stable operation of 

the power system is beyond the scope of this article. 

 

VII. CONCLUSION 

This paper proposes the concept of approximate power flow based on the intermediate process 

of Newton's method. With the help of the voltage problems exposed by the approximate power 

flow, the voltage sensitivity is used to improve the voltage level of the approximate power flow 

which indirectly improves the convergence of the power flow and realize the use of electrical 

knowledge at the physical level to solve the convergence problem at the mathematical level. 

The concept of approximate power flow proposed in this paper is completely taken from the 

intermediate process of power flow iteration and can be automatically realized by programs. It 

effectively solves the problem of unobservable system state when power flow calculation does 

not converge, and provides a reference for operators to adjust power flow. 
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