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Abstract – A non-iterative method for transient elec-

tromechanical processes calculation in power system with 
arbitrary topology network and RL equivalent scheme is 
described. The electrical machines models (synchronous 
generator, induction motor) and static RL-loads are writ-
ten in Cauchy form in respect of currents and angular 
velocity. With exclusion of the current derivatives from 
network equations we obtained algebraic equations system 
for a node voltages calculation. The automatic method for 
the system model build is proposed. The new methods are 
illustrated by simulation of transients in 15-node power 
system. 

Keywords: non-iterative method for transient elec-
tromechanical processes calculation, automatic 
method for the system model build 

1 INTRODUCTION 
The transient electromechanical processes in power 

systems are modeled for both stability and quality regu-
lation investigations. In this the basic difficulties are 
connected with non-linearity of the investigated sys-
tems, with non-stationary of transients and with the 
solving problem dimension. Independently that the 
computational technology progresses, the limits of the 
speed and memory still exists. The automation of all 
investigation process is a problem of contemporary in-
terest. The automation of mathematical models build is 
the more sophisticated part of this process. The effi-
ciency of mathematical model is evaluated by means of 
its dimension and requisite of time and memory for its 
investigation.  

In transient stability programs, the electric transients 
of the stators windings of all machines and of the tie 
lines interconnecting of the power system components 
are neglected [1,2,3]. Generally, this approximation 
permits a much larger step size when integrating differ-
ential equations of the power system components. How-
ever, the response predicted by reduced-order simula-
tion is only an approximation of the actual system re-
sponse.  

The popular program EMTP [4] is proposed to inves-
tigate electromagnetic transients in multinode networks. 
The trapezoidal rule is used to convert the differential 
equations of the network components into algebraic 
equations involving voltages, currents and past values. 
These algebraic equations use a nodal approach. The 
solution of transient process is then obtained using tri-
angular factorization. In [5,6] is proposed additional 

capabilities for simulation of rotating machinery in 
EMTP, using two interface methods, compensation and 
prediction. The implementation of electrical machines 
lead to clumsiness and inefficiency (it is used fixed 
time-step size, but the processes have a components of 
various time constants, necessity of iteration due to 
variable rotor speed, involve the inversion of matrices at 
each time step, numerical oscillations).  

Although it is possible to simulate power systems in 
detail (with stator and network transients included). 
Typically, the shunt capacitance of the tie lines inter-
connecting the various component is small and it is may 
be neglected, particularly in stiffly connected power 
systems.  

In [7] is proposed a procedure for establishing a state 
space model of power system. This procedure utilizes 
Kirchoff’s current law to establish the stator currents of 
a so-called root machine at each bus. The state model of 
the root machine includes the stator current and deriva-
tives of stator currents as inputs. The stator voltages 
represent the outputs of the root model. All other ma-
chines connected to that bus are referred to as nonroot 
machines. The derivatives of stator currents, which are 
needed as inputs to the root machine are established by 
summing the derivatives of stator currents of all nonroot 
machines and tie lines connected to the root machine 
(bus). The basic drawback of this procedure is its com-
plexity.   

In [8,9] is presented a non-iterative algorithm for cal-
culation a transients in autonomous power system with 
radial network, including/non-including of stator and 
tie-lines transients. The general algorithm is derived by 
a root resistance for 1-th node and excluding the deriva-
tives of stator windings from network equations. In [10] 
the non-iterative algorithm including stator and tie lines 
transients is developed and added for an arbitrary power 
system. The object of this paper is further development 
and addition of non-iterative investigation method.  

2 ELEMENT MODELS OF POWER SYSTEM 
The basic problems of the used methods are the auto-

matic build of models, the simulation of various distur-
bances and numerical investigation of processes.  

The electrical machines models (synchronous gen-
erator, induction motor) and static RL-load are written 
in Cauchy form in respect of the currents and angular 
velocity. 
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It is accepted that the generator equations are written 
in d,q,0 frame that is connected with its rotor (and is 
rotated with angular velocity ω k ) but motor and static 
load equations are written in synchronous frame d,q,0syn 

(is rotated with synchronous velocity ω s ).  
Synchronous generator 
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where: A and B are parameter-depended matrices de-
fined in Appendix;  through subscribes s and r note sta-
tor and rotor variables and parameters respectively; 

[ ]t0qds i,i,i=I ; [ ]thgfr i,i,i=I ; [ ]t0qd u,u,u=U s ;  

i).ii.(xi).iii.(xT dhqaqqgfdadе +−++=  is the elec-
tromagnetic torque; T pm  is the prime mover torque; τ m  
is the rotor mechanical time constant.  

For the stator windings we may be written: 

( ) U.BHU.B.BHI sssssssssrss +=++= udt
d

f  (2) 

The stator equations are transformed to synchronous 
reference frame by premultiplying with transformation 
matrix:  
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Let rewrite (3) in Cauchy form:  
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Induction motor 
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where: A and B are parameter-depended matrices de-
fined in Appendix; through subscribes s and r note sta-
tor and rotor variables and parameters respectively; 

[ ]t0qds i,i,i=I ; [ ]t0rrqrd i,i,i=I r ; [ ]t0qd u,u,u=U s ; 
)i.ii.i.(xT drqqrdade −= is the electromagnetic torque; 

T l  is the load torque which is generally mechanical 
input to the machine; τ m  is the rotor mechanical time 
constant.  

For the stator windings we may be written: 

U.BHI ssss +=
dt
d    (7) 

Static R-L load  

B.UHB.UA.II +=+=
dt
d ;   (8) 

where A and B are parameter-depended matrices de-
fined in Appendix. 

Line-link 
The tie lines of power system sort out to a line-links 

and line-trees by them topological affiliations. The 
equations of the line-link are written in Cauchy form 
(see fig.1). 

( )
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jjjij
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dt
d

  (9) 

where A and B are parameter-depended matrices de-
fined in Appendix. 

Line-tree 

ILI.ZUU ijijijijji dt
d
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where Z and L are parameter-depended matrices de-
fined in Appendix. 
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3 SYSTEM DESCRIPTION AND MODELS 
The combine of the separate element models to com-

mon system model is a key problem in the building of 
power system aggregate (general) model by someone 
electrical method. The use of Kirchoff’s current law is a 
preference because it is allowed easily to simulate a 
different disturbances and calculate unknown node volt-
ages that are in right side of element models (1), (6), 
(8).  

First, the network lines sort out to line-tree and line-
link. The line-link models (9) assign to the element 
models and with help of line-tree models (10) the sys-
tem general model it is built. 

For each node that consist a electrical machines, a 
static loads and a line-links is calculated summary node 
current: 

∑
=

=
p

1j
jm I.I jkΣ ;                  (11) 

where: 
S
S

m
GΣ

j
j =  is a scale coefficient; S j is an ele-

ment apparent power; ∑
=

=
m

1j
GjGΣ SS  is a total generator 

apparent power; [ ]tkI i,i,i 0qd ΣΣΣΣ =  is summary node 
current its components are sum of the elements current, 
which are incident to node; p is number of the elements 
incident to k-node. 

The Kirchoff’s current law for node may be ex-
pressed in following form: 

0......... =+++++ IIII ΣnΣkΣ2Σ1 ;                (12) 
where n is a number of power system nodes. 

This equation in differential form: 

0
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d....
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d.....

dt
d
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d

=+++++ IIII ΣnΣkΣ2Σ1 .         (13) 

Replacing the differentials by its right side (5), (7), 
(8) and (9) we yield: 
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p
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B.B jk ; 

[ ] t
k0qd

m

1j
j h,ih,hm ΣΣΣΣ == ∑

=
H.H jk ; m is number of 

elements incident to k-node.  
Replacing the line-tree currents I ij  and its differen-

tials I ijdt
d  in equation (10) by the summary node cur-

rents I jΣ  and its differentials I jΣdt
d , replacing differen-

tials by its right side and adding yield line-tree equa-
tions to (14) we obtain: 
( ) [ ] YA.U.INZ..HNL.-UBNL.N 2221 ==+=+ .. ;    (15) 
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are node voltages, 

summary node currents and summary node vectors H 
respectively; [ ]LL ijdiag= ; [ ]ZZ ijdiag= ; 

[ ]BB jΣdiag=  are diagonal matrices of inductions, im-
pedances and summary node matrices B jΣ ; N 1  и N 2  
are network matrices which describe topological feature 
of the net.   

Excluding current derivatives from network equa-
tions we obtained algebraic equation system, which 
allows us to calculate the unknown node voltages non-
iteratively. This is the basic advantage of the proposed 
method. Second benefit is that the building of general 
power system model by the equations system (15) may 
be automatized as the system (15) matrices are diagonal 
(except N 1  and N 2 ) and the vectors are created easily 
for each node. 

Only network matrices N 1  and N 2  have a singular 
form. For its construction is used the correspond pattern 
matrices N 1p  and N 2p . Each unit element of pattern 
matrices corresponds to a unity matrix with dimension 
3x3 of matrices N 1  and N 2 . Below its construction 
will be present on example of power system shown on 
fig.2. Obvious, matrix N 1p  is a tree graph of network 
incidence matrix, which for the considered example 
would have following form: 
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The matrix N 2p  presents the line-tree currents re-
placement by the summary node currents. Each row 
corresponds to one line-tree current and each column 
corresponds to one summary node current. It is used 
also matrix N 1p . Starting from lowest row each row 
multiplies  
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where 1,nk =  and n is the number of system node. 
For considered example the pattern matrix N 2p  will 

have form shown above. 

4 DISTURBANCES SIMULATION 
The proposed method of a transient calculation al-

lows simulate arbitrary disturbances in power system 
that are caused by changes in the regulators, parameters, 
numbers of elements and network topology. The ele-

ment (generator, motor, static load) turning on/off is 
performed by respective model adding/excluding in the 
corresponding node. Simultaneously the total sums of 
the vectors H kΣ  and I kΣ , and a matrix B kΣ  for corre-
sponding node are changed. If a generator is turned on 
or off it is necessary to recalculate a total generator ap-

parent power ∑
=

=
m

1j
GjGΣ SS  and a scale coeffi-

cient
S
S

m
GΣ

j
j = . 

Highest performs are necessary to be carried out at 
the topology network change. In that case it is necessity 
to build a new pattern matrices N 1p  and N 2p , and a 
new equations system (15). The small changes of the 
network, for example turning on or off of a particular 
line, can be simulated by a parameters change (matrices 
Z ij  и Lij ) of the switched line.  

The fault at the given node and its turn off by pro-
tection gear is simulated parametrically by sudden 
change of RL-load parameters.  

On figures 3-7 are shown part of results obtained 
simulating fault in node 12 at time 1500 [rad] with fault 
canceling at time 1550 [rad]. Shown curves are:  δ3-4 

(delta 3-4); voltage in node 12 (U12); δ12-2 (delta 12-2); 
current of link-line 16 (ILL16); current of generator 12 
(IG12). On figures 7-8 are shown part of results ob-
tained simulating change of reference voltage of AVR 
of Synchronous Generator 8 in node 14 from 1 [p.u.] to 
1.08 [p.u.] at time 1500 [rad] and return to initial state at 
time 1550 [rad]. Shown curves are: angular velocity of 
generator 12 (wk12); current of the static load 2 (ISL2). 
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5   CONCLUSION 

Proposed is a new method for automatic compose of 
the models, which describe transient electromechanical 
processes in power system with arbitrary number and 
type of elements and arbitrary topology of network. 
Mathematical models obtained using this method are 
efficient, since they use minimal computational re-
sources (memory and computing time). Method can be 

easily implemented using state of the art program in-
struments. Companion paper [11] shows current ac-
complishment in MATLAB environment. Obtained 
experimental results demonstrates correctness and effi-
cient of method. 
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APPENDIX 

System model parameters 
The electrical machines models are written in per 

unit system of equals mutual inductance and electromo-
tive force (e.m.f.) MF. All values are given in p.u. with 
a base power equal to the machine rating. Below non-
zero elements of matrices A, B, Z  and L are expressed. 
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Static R-L load 

l
raa

1l

l
2211 −== ; 

l
ra

0l

l
33 −= ; ω s2112 aa =−= ; 

l
1

bb
1l

2211 == ; 
l
1

b
0l

33 = . 

Link line 

l
raa

1ll

ll
2211 −== ; 

l
ra

0ll

ll
33 −= ; ω s2112 aa =−= ; 

l
1

bb
1ll

2211 == ; 
l
1

b
0ll

33 = . 

Tree line 
rzzz lt332211 === ; ω slt2112 .lzz −=−= ;  

lll 1lt2211 == ; ll 0lt33 = . 
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