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ABSTRACT 
 

This article shows a good idea to digitalize any unerrorics for software of turbojet engine thrust asymmetry 
control. The well-known results of scientific developments presented in the publications used confirm the 
practical usefulness and relevance of digitalization of measurement results processing methods for the 
software unerroric of applied algorithms for system analysis and approximate synthesis. However, the 
equality of addition and multiplication speeds in digital signal processors and programmable logical 
devices is achieved mainly by hardware. Therefore, the need to reduce hardware costs for digital signal 
processing increases the role of IT-research on the possibility of flight safety analytics by software. The 
article purpose is a research of software for unerroric of such control. The used methods of that research are 
the methods of system analysis and the methods of the software modeling. To achieve the stated goal, the 
following tasks have been set and solved: the task of directional search and comparative evaluation of 
digital methods for ensuring unerroric of control of mutual compliance of controlled values of thrust 
parameters of two-shaft turbojet two-circuit engines of the same series; the task of adapting deductive 
algorithms for digital processing of measurement results of controlled values of thrust parameters of two-
shaft turbojet two-circuit engines for the software of an unerroric of the flight of a twin-engine aircraft with 
such engines; the task of selecting the element base for hardware and software experimental modeling of 
digital algorithms for software unerroric of thrust asymmetry of turbojet two-circuit engines. The 
formulation and solution of problems of selection and adaptation of methods and algorithms for digital 
processing of measurement results contributed to the development of software for flight safety unerroric of 
a twin-engine airliner with twin-shaft turbojet engines by tightening the control of the mutual 
correspondence of the controlled values of their thrust parameters. The results of experimental modeling of 
adapted algorithms have confirmed the practical feasibility of such software and the high importance of IT-
research in its design. It is described the possibility of turbojet two-circuit engines tractions forces 
asymmetry analysis unerroric. A set of formulas for digital processing of control signals from rotors speeds 
sensors of civil airplane with two turbojet two-circuit engines is presented. 

Keywords: Airliner, Engine, Thrust, Quality, Unerroric. 
 
1. INTRODUCTION  
 

The turbojet two-circuit engines tractions forces 
asymmetry analysis unerroric is the real remedy to 
digitalize a software for safety flight of civil 
airplane with two turbojet two-circuit engines [1].  

The digitalization of unerroric is based on 
recurrent procedures for deductive transform of 
discrete signals [2, 3]. 

The unerroric of turbojet two-circuit engines 
tractions forces asymmetry analysis for control of 
flight safety for civil airplane with two turbojet 
two-circuit engines is the combination of hardware 

and software for the best reducing the error of that 
control by airliner power plant control system in 
flight [4]. 

The using of the recurrent methods for the 
digitalization of deductive transform for discrete 
signals is a new way to realize the possibility of 
such reducing [5-8]. Therefore, the unerroric of 
turbojet two-circuit engines tractions forces 
asymmetry control may be successfully 
implemented using the various programmable 
devices [9-15]. 

The well-known results of scientific 
developments presented in the publications used 
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confirm the practical usefulness and relevance of 
digitalization of measurement results processing 
methods for the software unerroric of applied 
algorithms for system analysis and approximate 
synthesis [16-29]. However, the equality of 
addition and multiplication speeds in digital signal 
processors and programmable logical devices is 
achieved mainly by hardware [13]. Therefore, the 
need to reduce hardware costs for digital signal 
processing increases the role of IT-research on the 
possibility of flight safety analytics by software. 

The purpose is an research of software for 
unerroric of turbojet two-circuit engines tractions 
forces asymmetry control. The used methods of that 
research are the methods of system analysis and the 
methods of the software modeling. 

To achieve the stated goal, the following tasks 
have been set and solved: 

 the task of directional search and 
comparative evaluation of digital methods 
for ensuring unerroric of control of mutual 
compliance of controlled values of thrust 
parameters of two-shaft turbojet two-circuit 
engines of the same series; 

 the task of adapting deductive algorithms for 
digital processing of measurement results of 
controlled values of thrust parameters of 
two-shaft turbojet two-circuit engines for the 
software of an unerroric of the flight of a 
twin-engine aircraft with such engines; 

 the task of selecting the element base for 
hardware and software experimental 
modeling of digital algorithms for software 
unerroric of thrust asymmetry of turbojet 
two-circuit engines. 

The statement of tasks is as follows: 

 we will assume that only two-shaft turbojet 
twin-circuit engines of the same series have 
been installed in the power plant of the twin-
engine airliner, which have successfully 
passed in-depth testing in mass production 
conditions; 

 we will assume that the control system of the 
airliner power plant with such engines 
involves a control program for the rotation 
frequency of the turbine rotor of a low-
pressure compressor and a control program 
for the rotation frequency of the turbine 
rotor of a high-pressure compressor; 

 it is required to investigate and develop 
digital methods of unerroric of thrust 
asymmetry of turbojet dual-circuit engines 
to build deductive algorithms for software of 
such unerroric with a minimum number of 
hardware-expensive multiplication 
operations. 

2. THEORETICAL BASIS 

Theoretical basis for unerroric of turbojet two-
circuit engines tractions forces asymmetry control 
are the software for the deep testing of turbojet 
engines by hardware of serial turbojet engines 
technical condition test system and software for the 
system analyzing of turbojet two-circuit engines 
tractions forces parameters by hardware of any 
control system for a power plant of civil airplane 
with two turbojet two-circuit engines [1]. 

This deep testing software is based on the 
methods of mathematical modeling [4]. 

That system analyzing software is based on 
complex methods of optimal control. 

3. RESEARCH RESULTS 

The obtained results of the conducted research 
show the possibility of digitalization for unerroric 
of turbojet two-circuit engines tractions forces 
asymmetry control by deep testing of serial turbojet 
engines and system analysis of its thrust parameters 
for safety flight of civil airplane with two turbojet 
two-circuit engines. The dependence of turbojet 
two-circuit engine traction force R on low-pressure 
turbine rotor speed n1 and high-pressure turbine 
rotor speed n2

 can and should be expressed by the 
formula (1) [4]: 

𝑅 = 𝐽ଵ𝑛ଵ
ଶ + 𝐽ଶ𝑛ଶ

ଶ.   (1) 

In the study, a directional search was performed 
for digital methods of difference filtering, Fast 
Fourier transform, recurrent discrete Fourier 
transform and multi-stage discrete Fourier 
transform of controlled signals from sensors of 
rotation frequencies of low-pressure compressor 
turbine rotors and sensors of rotation frequencies of 
high-pressure compressor turbine rotors of two-
shaft turbojet two-circuit engines of the same series 
[6-8]. The advantages of digital algorithms of 
difference filtering and multi-stage discrete Fourier 
transform for unerroric of control of the mutual 
correspondence of the controlled values of the 
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thrust parameters n1 and n2 of two-shaft turbojet 
two-circuit engines of the same series are revealed 
[1, 2, 5]. The deductive algorithms of these 
methods are adapted for the software of the 
unerroric of the flight of a twin-engine aircraft with 
such engines [1, 3, 4]. The adapted algorithms were 
modeled on programmable logical devices to 
minimize hardware-expensive multiplications [13]. 

3.1 Parameters Distribution 

In the application to the random distribution of 
the measurement results of the controlled values of 
the rotational speeds of the turbines of low-pressure 
compressors n1 and high-pressure compressors n2 of 
all N two-shaft gas turbine engines of the same 
series, the "Three Sigma Rule" can be used. 
According to him, the maximum possible deviation 
of 99% of the values of each operating parameter of 
the engines from their expected value is three times 
greater than their standard deviation σ, that is, it is 
equal to 3σ with the variance of their normal 
distribution σ2. 

Such a distribution is described by the formula 
(2) by a two-dimensional random probability 
function  𝑃௡భ,௡మ

 of the normal distribution of the 
measured values of these rotors speeds with 
mathematical expectations n1

*, n2
* and variances σ1

2
 

,σ2
2

 respectively, for the calculated values of the 
thrust force Rmin≤R≤Rmax and the value of the 
weighting coefficient 0<z≤3.0: 
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With the value of the weighting coefficient z=3.0 
and the value of the two-dimensional random 
probability function of the normal distribution of 
the measured values of such rotors speeds  𝑃௡భ,௡మ

≈

0,99, the number of Mz deeply tested turbojet 
engines of one series differs slightly from the total 
number of N turbojet engines of this series, Mz≈N. 
An increase in the mutual correspondence of the 
measured values of these two rotors speeds at once 
Mz of deeply tested turbojet engines of one series 
for if NM z   is provided by their directional 

selection from the total number of M turbojet 
engines of this series, if the value of the weighting 

coefficient z=1.5 and the value of the two-
dimensional random probability function of the 
normal distribution of the measured rotor speed 
values  𝑃௡భ,௡మ

≈ 0,75 is given. 

An increase in the mutual correspondence of the 
Mz quality of the turbojet engine of one series with 
a narrowing of the intervals [-zσ1,+zσ1] and [-
zσ2,+zσ2] is provided, according to formula (2), by a 
corresponding decrease in the values of the 
maximum deviation of the measured values of these 
rotors speeds from their expected values n1

* and n2
* 

(figure 1, figure 2). 

 
Figure 1: The graph for the values of the functions 

  𝑃௡భ
= 𝑓(𝑛ଵ) 
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Figure 2: The graph for the values of the functions 

  𝑃௡మ
= 𝑓(𝑛ଶ) 

3.2 Unerroric Condition 

In-depth testing of the technical condition of 
turbojet engines of one series at once for two thrust 
parameters provides control of the tractions forces 
asymmetry of these engines in the conditions of 
mass production. The subsequent selection of 
turbojet engines with minimal thrust asymmetry for 
twin-engine airliners based on the results of such 
testing is necessary to improve the flight safety of 
such airliners. 

This can be successfully used for unerroric of 
turbojet two-circuit engines tractions forces 
asymmetry control for safety of flight according to 
the formulas (3)-(4) if the thrust parameters n1

LE 
and n2

LE are the values of the left engine control 
parameters of traction force, n1

RE and n2
RE are the 

values of the right engine control parameters of 
traction force: 

0 < 𝑛ଵ
ௌ்ை௉ ≤ 𝑛ଵ

௅ா + 𝐶ଵ
௅ா ௗ௡భ

ಽಶ

ௗ௧
≈ 𝑛ଵ

ோா +

+𝐶ଵ
ோா ௗ௡భ

ೃಶ

ௗ௧
≤ 𝑛ଵ

்ை௉.  (3) 

0 < 𝑛ଶ
ௌ்ை௉ ≤ 𝑛ଶ

௅ா + 𝐶ଶ
௅ா ௗ௡మ

ಽಶ

ௗ௧
≈ 𝑛ଶ

ோா +

+𝐶ଶ
ோா ௗ௡మ

ೃಶ

ௗ௧
≤ 𝑛ଶ

்ை௉..  (4) 

Differentiation of rotors speeds n1
LE, n2

LE, n1
RE , 

n2
RE allows to take into account the speed of their 

change. The preset coefficients for both rotors C1
LE 

and C2
LE of the left engine and both rotors C1

RE and 
C2

RE of the right engine allow taking into account 
the dynamic characteristics of these rotors. The 
minimum values of rotors speeds are n1

STOP and 
n2

STOP. The maximum values of rotors speeds are 
n1

TOP and n2
TOP. 

Such ratios of the values of the thrust parameters 
of both engines ensure the implementation of flight 
control programs of an airliner with such engines 
according to the formula (5) for flight safety: 

0 < 𝑛ଶ
ௌ்ை௉ ≤ 𝑛ଶ

௅ா + 𝐶ଶ
௅ா ௗ௡మ

ಽಶ

ௗ௧
≈ 𝑛ଶ

ோா +

+𝐶ଶ
ோா ௗ௡మ

ೃಶ

ௗ௧
≤ 𝑛ଶ

்ை௉.  (5) 

3.3 Deep Testing 

Such unerroric will increase the flight safety of a 
civil airplane with two turbojet two-circuit engines, 
if they have successfully passed the output quality 
control according to the results of their in-depth 
testing. 

In-depth testing of turbojet engines in the 
conditions of their mass production is an ordered 
set of rules for performing procedures for 
directional sorting and comparative evaluation of 
the controlled values of the thrust parameters of 
such turbojet engines of the series. 

This testing can and should be carried out as 
follows: 

1. Setting the required size Nz=L of a sample of 
deeply tested turbojet engines of the same 
series; 

2. Analysis of the ratios of the monitored 
parameter values thrust methods aimed 
busting and comparative assessment of these 
values and calculating the confidence 
interval thrust ΔR=Rmax-Rmin if Rmin ≤R ≤Rmax 
for all Nz one series turbojet engines; 

3. The choice of parameters n1 and n2 as two 
thrust parameters of the turbojet engines for 
power plants of the twin-engine airliners; 

4. Calculation by the formula (6) of the 
probability  𝑃௡భ

 of the normal distribution of 
the controlled values of the low-pressure 
rotors speeds n1 for Nz deeply tested turbojet 
engines based on the "Three Sigma Rule" 
(figure 1): 
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0 < 𝑛ଶ
ௌ்ை௉ ≤ 𝑛ଶ

௅ா + 𝐶ଶ
௅ா ௗ௡మ

ಽಶ

ௗ௧
≈ 𝑛ଶ

ோா +

+𝐶ଶ
ோா ௗ௡మ

ೃಶ

ௗ௧
≤ 𝑛ଶ

்ை௉.   (6) 

5. Narrowing the confidence interval of the 
normal distribution of the controlled values 
of low-pressure rotors speeds n1 for Nz 
deeply tested turbojet engines and setting its 
boundaries [-zσ1,+zσ1] at 0<z<3.0 in 
accordance with the "Three Sigma Rule"; 

6. Analysis of the ratios of the controlled 
values of the low-pressure rotors speeds n1 
and the calculated values of the thrust force 
R by the methods of their directional search 
and comparative evaluation, in accordance 
with the calculated values of the probability 
of the normal distribution of the controlled 
values of these rotors speeds in the 
confidence interval of their distribution with 
the boundaries [-zσ1,+zσ1] at 0<z<3.0; 

7. The calculation of the confidence interval 
thrust ΔR=Rmax-Rmin if Rmin≤R≤Rmax for those 
N1 deeply tested this turbojet engine series, 
which is controlled by the values of the rpm 
low pressure n1 fall in the confidence 
interval normal distribution with bounds [-
zσ1,+zσ1] at 0<z<3.0; 

8. The calculation according to the formula (7) 
probability  𝑃௡మ

 normal distribution of 
controlled values of rotation of the high 
pressure of n2 on the basis of the "Three 
Sigma Rule" for Nz deeply tested turbojet 
engines (figure 2): 

𝑃௡మ
= ∫

௘௫௣ቆ
ష(೙మష೙మ

∗ )మ

మ഑మ
మ ቇ

√ଶగఙమ
మ

ା௭ఙమ

ି௭ఙమ
𝑑𝑛ଶ. (7) 

9. Narrowing the confidence interval of the 
normal distribution of the controlled values 
of high-pressure rotation speeds n2 for Nz 
deeply tested turbojet engines and setting its 
boundaries [-zσ2,+zσ2] at 0<z<3.0 in 
accordance with the "Three Sigma Rule"; 

10. Analysis of the ratios of the controlled 
values of the high-pressure rotors speeds n2 
and the calculated values of the thrust force 
R by the methods of their directional search 
and comparative evaluation in accordance 
with the calculated values of the probability 
of the normal distribution of the controlled 
values of these rotors speeds in the 
confidence interval of their distribution with 
the boundaries [-zσ2,+zσ2] at 0<z<3.0; 

11. Calculation of the confidence interval of 
thrust ΔR=Rmax-Rmin at Rmin≤R≤Rmax for those 
N2 deeply tested turbojet engines of this 
series, in which the controlled values of the 
high-pressure rotors speeds n2 fall into the 
confidence interval of their normal 
distribution with the boundaries [-zσ2,+zσ2] 
at 0<z<3.0; 

12. Analysis of the ratios of the controlled 
values of the low-pressure rotors speeds n2 
and the high pressure rotors speeds n2 and 
the calculated values of the thrust force R by 
methods of their directional enumeration and 
comparative evaluation in accordance with 
the calculated values of the probability of 
the normal distribution of the controlled 
values of these rotors speeds in the 
confidence intervals of their distribution 
with the boundaries [-zσ1,+zσ1] and [-
zσ2,+zσ2], respectively, at 0<z<3.0 (figure 1 
and figure 2); 

13. Calculation of the confidence interval of 
thrust ΔR=Rmax-Rmin at Rmin≤R≤Rmax for all 
Mz turbojet engines of this series, in which 
the controlled values of the low-pressure 
rotors speeds n1 and the high-pressure rotors 
speeds n2 fall into the confidence intervals of 
their normal distribution with the boundaries 
[-zσ1,+zσ1] and [-zσ2,+zσ2], respectively, at 
0<z<3.0; 

14. Evaluation of the thrust asymmetry and 
mutual correspondence of the quality of the 
controlled operating parameters Mz of 
deeply tested turbojet engines, in which the 
controlled values of the low-pressure rotors 
speeds n1 and the high-pressure rotors 
speeds n2 fall into the confidence intervals of 
their normal distribution with the boundaries 
[-zσ1,+zσ1] and [-zσ2,+zσ2], respectively, at 
0<z<3.0 (figure 1 and figure 2); 

15. The choice of turbojet engines with a 
minimum thrust asymmetry, in which the 
controlled values of the low-pressure rotors 
speeds n1 and the high-pressure rotors 
speeds n2 fall into the confidence intervals of 
their normal distribution with the boundaries 
[-zσ1,+zσ1] and [-zσ2,+zσ2], respectively, at 
0<z<3.0; 

16. Selection of the pairs of the turbojet engines 
of this series from among the turbojet 
engines with the minimum thrust asymmetry 
for installation in the power plants of the 
twin-engine airliners. 
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4. DISCUSSION 

Minimizing the dispersion value ϭ2 provides an 
increase in the mutual correspondence of the 
controlled values of all K thrust parameters of only 
Nz deeply tested turbojet engines of one series due 
to their selection from among L certified turbojet 
engines of this series. 

The ratio of the sizes L and Nz of the initial and 
narrowed samples of turbojet engines of the same 
series at Nz≤L depends on the variance value ϭ2 and 
the dimension K2=2 of the two-dimensional 
probability function of the random distribution of 
the controlled values of the low-pressure rotors 
speeds and the high-pressure rotors speeds 𝑃௡భ,௡మ

=

𝑃௡భ
∙ 𝑃௡మ

, as shown in the figure, for different values 
of the number z of sub-ranges [-ϭ2/2, + ϭ2/2] of 
statistical analysis corresponding to the "Three 
Sigma Rule" at 0<z≤3.0 and K1<K2 (figure 3). 

It should be noted that by increasing the value of 
the coefficient 0<z<3.0, it is possible to increase the 
number of Mz≤Nz=L deeply tested turbojet engines 
of the same series, but at the same time the level of 
mutual compliance of their controlled thrust 
parameters will inevitably decrease. However, an 
increase in the level of mutual correspondence of 
the controlled values of the thrust parameters of the 
same engines with a decrease in the value of the 
coefficient 0<z<3.0 reduces the number of Mz 

deeply tested turbojet engines of this series, the 
quality of which corresponds to this level. 

 
Figure 3: Graphs of the dependence of the sample size of 

turbojet engines of one series on the number of z sub-
ranges [−𝜎ଶ/2, +𝜎ଶ/2] of statistical analysis 

The results of the analysis of scientific 
publications and patents on topics close to the 
subject of the study confirmed the patent purity of 
the proposed and developed algorithms for the 
unerroric software for flight safety of twin-engine 

airliners with twin-shaft turbojet engines. For 
example, there is a known method of controlling 
the power plant of an aircraft with gas turbine 
engines, according to which, after detecting a 
malfunction or damage to the engine caused by 
birds getting into it, resource allocation is 
performed to maintain the thrust level of a faulty 
engine by increasing the rotation speed of its rotor 
[EPO Patent No. 1281846, F02C 9/00, 2003]. 
However, if the working blades are damaged 
turbines, an increase in the limit values of the 
regulated parameters of the engine may lead to its 
final breakdown. There is also a known method for 
controlling the twin-engine powerplant of an 
aircraft with gas turbine engines, which, in order to 
ensure trouble-free operation, provides for an 
automatic increase in the thrust of gas turbine 
engines at certain stages of flight [UK Patent No. 
2262623, F02C 9/26, 1993]. However, with 
continuous operation of the aircraft in high-altitude 
conditions, the pilot must determine the need to 
turn on the increased thrust mode before each 
takeoff, which allows for possible mistakes and 
risks. The general disadvantages of the known 
methods of controlling the power plants of aircraft 
with gas turbine engines include the negative 
consequences of switching on the increased thrust 
mode, which consist in accelerated development of 
the resource of such engines in cases where this is 
not required by the flight conditions. In addition, 
the thrust asymmetry of such engines can lead to an 
undesirable unfolding moment of forces acting on 
the aircraft. 

The conducted research contributes to solving 
this problem. The proposed and developed flight 
safety unerroric software makes it possible to 
reduce the thrust asymmetry of turbojet twin-circuit 
engines of a twin-engine airliner by tightening the 
control of the mutual correspondence of the 
controlled values of their thrust parameters. The 
reliability of the obtained results of the conducted 
research is fully confirmed by their compliance 
with well-known results of a lot of scientific 
developments [16-29]. 

5. CONCLUSION 

Unerroric of turbojet two-circuit engines 
tractions forces asymmetry analysis is a good 
remedy for flight safety of civil airplane with two 
turbojet two-circuit engines. 

The formulation and solution of problems of 
selection and adaptation of methods and algorithms 
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for digital processing of measurement results 
contributed to the development of software for 
flight safety unerroric of a twin-engine airliner with 
twin-shaft turbojet engines by tightening the control 
of the mutual correspondence of the controlled 
values of their thrust parameters. The results of 
experimental modeling of adapted algorithms have 
confirmed the practical feasibility of such software 
and the high importance of IT-research in its 
design. 

The proposed and developed software for in-
depth testing of serial turbojet engines and analysis 
of the system of thrust force parameters of turbojet 
twin-circuit engines of an airliner allows you to 
maintain flight safety for any twin-engine airliner 
with such engines. 
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