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Summary 
This publication describes the aim and essence of testing transient states of direct current electric power systems 

in relation to normative characteristics of a transient state. The above diagnostic tests of the given direct current nodes 
of the aircraft enable to quickly and efficiently determine the capability of its electric power systems to the self-
regulation of direct current voltage. Many years of research of aircraft conducted in the Air Force Institute of 
Technology (ITWL) confirm that the ageing of power network elements impacts the deterioration of the parameters 
of voltage of transient state. On the basis of the results of on-ground tests of the Su-22 aircraft engine, the obtained 
model parameters of transient states were presented in subsequent years of its operation, which confirms the above-
mentioned statement. There were also presented the selected results of tests performed during the follow-up overhaul 
of Su-22 aircraft with exceeded permissible normative thresholds of the change of voltage amplitude values by the 
step increase of load (decaying impulses). The determined reasons for detected malfunctions were the incorrect 
operation of the aircraft electrical system, the inefficiency of voltage regulators RN-180M and the defectiveness of 
direct current generators GS-12T 3s. In the case of GS-12T 3s, the malfunction was due to the incorrect adjustment of 

 relation to the magnetically neutral zone of the 
commutating generator of a direct current, the above-mentioned generators were adjusted. Verification on the 
measurement stand and in real conditions (during engine test of Su-22) of transient state parameters of a direct 
current generators GS-12T 3s after the regulation, confirmed the airworthiness of the examined generators. It proves 
the efficiency and usefulness of the applied method in the operation process of aircraft. The described issues are 
essential in view of guaranteeing the airworthiness in aircraft operation and ensuring flight safety. 
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1.  INTRODUCTION 
 

Aircraft electrical systems become more 
complicated, electrical wiring failures have become 
a huge concern in industry and government - 
especially on aging platforms [1]. The technical 
challenges associated with the sustainment of 
electrical systems  in aging aircraft deserve 
systematic study. Electrical systems, aviation 
electronics and many other systems are subject to 
wear and deterioration that can contribute to rising 
problems over time. The correct operation of 
electric power supply systems of the aircraft is 
indispensable to ensure the required parameters of 
the quality of electric energy. Their correct 
functioning depends on the quality of electric 
energy produced on board by generators and 
transmitted to certain aircraft systems. The 
malfunction of the electric power supply system is a 
direct threat to the proper operation of aircraft 
systems it supplies and thus, the threat to flight 
safety. Fast changes, collapses, rises, overvoltages 
and pin impulses belong to the most substantial 
disturbances in the aircraft power system. 
Therefore, the estimation of the technical condition 
of electric power systems is particularly important 
for aircraft operation. It is assumed that a 
component operates reliably when the wear does 
not exceed the acceptable (limit) values [2]. The 
above statement becomes particularly crucial in 
relation to ageing aeronautical engineering and 
ageing processes occurring in the electric power 
systems of the operated aircraft. The ageing 
significantly affects the reduction of dependability 
and durability of aircraft devices, drops of the 
dependability of on-board energy sources and poses 
a potential threat to flight safety. The aging of 
technical components of aircraft as an armament 
system proves of outstanding significance to 
reliability and safety of the whole system. The 
aging process is usually induced by many and 
various factors, just to mention mechanical, 
biological, climatic, or chemical ones. The aging is 
an irreversible process and considerably affects (i.e. 
reduces) reliability and lifetime of aeronautical 
equipment [3]. Thus, the broadly understood 
electric power system of the aircraft influences, by 
its technical condition frequently reduced due to 
ageing processes, on the reduction of the durability 
of all other systems [4]. For maximum utilization of 
distribution network without compromising the 
security and reliability of the supply system, 
determination of critical loading is crucial [5]. 
Therefore, providing the proper parameters of the 
quality of electric energy, that is the size group (the 
characteristics of stationary and transient states) 
characterizing the supply voltage we ensure the 
condition of a proper operation of the supplied 
systems of the aircraft. Failure to meet the correct 
ranges of values of the parameters of the quality of 
electric energy, set out in the standard  [6, 7], 
produced by the on-board sources  may result in 

disturbances of the operation of on-board systems, 
their damage or disengagement. Moreover, the 
failure of the electronic system often leads to a 
destructive failure or a horrible accident of the 
engineering system, such as the failure of the flight 
control system of an airplanes [8]. The example of 
the negative influence of the supply system on the 
on-board systems is the automatic activation of the 
fire protection system in Mi-8 helicopter, caused by 
electric interference in the form of voltage impulses 
[9]. The studies conducted by the ITWL confirmed 
that the most probable reason of the automatic 
activation (without the occurrence of fire) of the 
mentioned system was an incorrect development of 
the fire signal by the executive block SSP-FK-BI. 
The automatic activation of this block might be due 
to the instantaneous disturbances (decaying and 
overvoltage impulses) in the helicopter electric 
power supply network, which could be the cause of 
a false activation of fire protection system. The 
above example confirms that the correct 
functioning of electric power network of the aircraft 
depends on the proper operation of other on-board 
systems, and testing of electric energy nodes, owing 
to the necessity of preventing abnormalities in their 
operation, is a significant element in the operation 
of aircraft.  

 
2.  DIAGNOSTICS OF NONSTATIONARY 

(TRANSIENT) STATES OF ELECTRIC 
POWER SYSTEMS OF A DIRECT 
CURRENT 
 

- -
-

-  
- - -

-
 

DC power systems are subject to strong 
dynamic interactions between the source and the 
loads [10, 11, 12, 13]. Thus, the regular diagnostic 
tests of electric power systems of a direct current of 
the above-mentioned aircraft conducted during 
works associated with extending its overhauls 
directly impacts the flight safety in subsequent 
years of their operation.  

During on-ground engine tests, besides the basic 
measurements of transient states such as the voltage 
and pulsation of a direct current, the measurement 
of the voltage of nonstationary (transient) states is 
taken occurring by the changes of loads in the on-
board network. These tests are performed in 
accordance with the methodologies during engine 
tests developed in the ITWL. In ITWL, the tests of 
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transient states of electric power nodes of 
aeroplanes on Su-22 aircraft during engine on-
ground tests (Fig. 2) have been conducted for 18 
years. 
a) 

 
 

 
-

-  

 
 

-
- -

 
The examples of the record of voltages over 

time in transient states for electric energy node of 
direct current generator GS-12T 3s by a step  
increase of load obtained during tests on Su-22 
aircraft was depicted in Fig. 3 and Fig. 4. In both 
cases, by the change of load in the on-board 
generator, there are fluctuations of voltage, which 
falls twice below the reference level 24 V. 

 

-

-

 
  

 
  

 
  

 
  

 

 

 
Fig. 2. Su-22 aircraft during engine on-ground test [own work] 
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Fig. 3. Positive example from the tests of the transient state of a 28V direct current supply system of Su-22 aircraft 

decaying impulses  by loading the electric energy node with the converter PTO-1000/1500M - A-B-C and  
D-E-F  - record of changes of voltage in time  transient state (decaying impulses) [own work] 
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-

A transient state 
with a decaying impulse presented in Fig. 3. is the 
example of the proper operation of electric power 
network of a direct current generator on the 
examined aircraft. The analysis of measurements of 

current -

-
  

 
( ) so that the obtained 

substitute impulses   
respectively  

-

 

 

 

Fig. 5. Analysis of measurements of transient states of the node of 28 V direct current generators of Su-22 aircraft against the 
background of ranges of equivalent changes in step functions of voltage of a direct current in electric power supply 

 systems from direct current generators (own work based on [6]) 
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28 V of Su-22 
aircraft in subsequent years of operation [own work] 
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The reasons of detected failures on several 

aircraft in subsequent trials were the inefficient 

aircraft electrical system, malfunction of voltage 
regulators RN-180M (in one case a defected 
isolation of the group of conductors and the 
overheated bundle of a regulator) and in vast 
majority a malfunction of direct current generators 
GS-12T 3s. The inefficiency in the form of 
increased decaying impulses, in case of direct 
current generators GS-12T 3s, results from the 

the magnetically neutral zone.  
During the operation of Su-22 aircraft, there are 

various ageing processes of a direct current 
generator impacting the movement of the 
magnetically neutral zone, among others: 
 change of the value of magnetic permeability 

(steel sheets of magnetic circuits of a rotor, 
stator, commutating and compensatory poles) 
causing a local dissipation and amplification of 
the line of magnetic field forces, 

 change of the diameter of commutator resulting 
in the change of the conditions of commutation.  
Therefore, the generators GS-12T 3s earmarked 

for the operation on Su-22 aircraft had to be 
regulated (the brushes were moved towards the 
neutral zone). 
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Table 2. Samples of results of measurements of transient states (with the applied load) taken in Su-22 aircraft during 
subsequent tests after the follow-up overhaul [own work] 
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The above regulation was performed based on 

correction 
commutating generator [14] on the stand  showed in 
Fig. 8. 

Conducted preliminary tests on the measuring 
stand  used to check generators in WZL-1 S.A 
proved that the regulation of generator brushes in 
relation to the neutral zone resulted in obtaining 
parameters consistent with the requirements of the 
standard [6] and the improvement of the self-

.  

relation to the magnetically neutral zone of direct 
current generators GS-12T ultimately was 
ultimately confirmed by the results of studies  of 
transient states during  engine test of Su-22 aircraft 
conducted in accordance with the methodology 
ITWL. The acquired results of measurements of 
transient states were compliant with the 
requirements of the standard [6]. These results were 
described in Table 3. 
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-12T in relation to the neutral zone [own work] 

 
Table 3. Results of the measurements of transient states (with the applied load) of Su-22 aircraft [own work] 

 

Generator 
 GS-12 3s 

Results of measurements taken during SU-22 test  
Measured value  

Impulse time Minimum 
voltage Reduced time Equivalent step 

function 

t Umin tz S 
[ms] [V] [ms] [Vms] 

No. 1 
66 20.78 30 96.6 

180 22.67 110 146.3 
In compliance with the requirements [6] 

No. 2 
190 19.74 51 217.3 
392 21.93 218 451.3 

In compliance with the requirements [6] 

  
 

 
The presented examples of failures indicate the 

importance of the described issue for the safety of 
flights and imply that testing transient states of 
electric power nodes is a fundamental element in 
the process of ensuring airworthiness in aircraft 
operation.  The above statement takes on an added 
importance in view of the ageing changes of 
electric power systems of aircraft. The parameters 
of substitute impulses of direct current nodes of 
Su-22 aircraft statistically deteriorate year by year. 
It is illustrated in the results of measurements of 
transient states found in the ITWL during the 
implementation of methodologies associated with 
prolonging the service life of aircraft in subsequent  
years of their operation.   

Conducted tests and analyses defining the 
possibility of the self-regulation of direct current 
electric power supply system of Su-22 aircraft in 

compliance with the requirements of the Defence 
Standard NO-15-A200: 2016 proved that: 
 value of the decaying substitute impulse of a 

direct current affects the period of serviceability 
of direct current power supply nodes of aircraft, 

 big diversification of properties of particular 
subassemblies of direct current nodes found 
during engine tests of Su-22 aircraft does not 
guarantee its full replaceability, 

 taking into consideration the presented influence 
of time on the results of obtained transient states 
there is a potential possibility of the incorrect 
work of direct current nodes of Su-22 aircraft 
during subsequent operation, 

 one of the reasons of the inefficiency of electric 
power nodes of Su-22 aircraft was the 
malfunction of a direct current generator 
GS-12T 3s, the inefficiency in the form of 
increased decaying impulses resulted in the 
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generator in relation to the magnetically neutral 
zone, 

 verification on the measuring stand  and in real 
conditions, during engine test of Su-22 aircraft, 
parameters of transient states of direct current 
generators GS12T 3s after regulation 
angle in relation to the magnetically neutral 
zone) confirmed the efficiency and usefulness 
of the applied method in operation of aircraft. 
The presented diagnostic tests of direct current 

electric power systems of aircraft enable to quickly 
and efficiently determine the capability of the 
electric power system of particular nodes to self-
regulate the direct current voltage. 
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