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High complexity and cost of developing flying models necessitate the use of such design and production techniques 
that would ensure the best flight technical and technological characteristics of the model also would raise of it opera-
tion effectiveness. These techniques include the experimental control method of flying model’s mass-inertia asymmetry 
parameters during final assembly of the model. Solution of the problem of optimization the process of bringing parame-
ters of mass-inertia asymmetry of the conical flying model to specified standards is considered in the article. The only 
correction plane is designed to be positioned close to cone face, away from the center mass of the flying model. The 
flying model as a component of prefabricated rotor is being balanced in dynamic mode on a low-frequency dynamic 
vertical stand, which based on gas bearings. Before balancing experiment the weigh, longitudinal center of mass and 
inertia moments of the flying model have to be controlled with use of another measurement equipment.  As a criterion of 
optimization is sorted the reaching of minimum of the angle of deviation of principal longitudinal centroidal axis of 
inertia from geometrical axis of the flying model. But simultaneously the pre-set standard of center-mass shift from the 
geometrical axis must be ensured. Balancing algorithm, easy-to-realized by modern computers, is presented. Numerical 
illustration of balancing is given. The algorithm enables omitting intermediate steps of balancing, reducing them to one 
step (as a rule), and shortening the balancing time, as well. In one step of balancing the engineering model permits 
either bringing parameters of mass-inertia asymmetry of the flying model to specified standards, or diagnosing impos-
sibility of attaining the specified standards with available design of flying model. The algorithm and balancing method 
are experimentally tested at newly-designed vertical dynamic stand on conical gas bearings. It’s high precision and 
efficiency are corroborated. 

 
Key words: mass-inertia asymmetry, balancing stand, axis of symmetry, axis of inertia, moment of inertia, correc-

tion plane, misbalance, algorithm. 
 
РАЗРАБОТКА И ТЕСТИРОВАНИЕ АЛГОРИТМА ОБЕСПЕЧЕНИЯ МИНИМАЛЬНОГО УГЛА  
ОТКЛОНЕНИЯ ГЛАВНОЙ ЦЕНТРАЛЬНОЙ ОСИ ИНЕРЦИИ В ПРОЦЕССЕ БАЛАНСИРОВКИ  

ЛЕТАЮЩЕЙ МОДЕЛИ В ОДНОЙ ПЛОСКОСТИ КОРРЕКЦИИ 
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Высокая стоимость, сложность разработки летающих моделей обуславливают необходимость примене-

ния методов проектирования и изготовления, которые позволили бы обеспечить наилучшие летно-
технические и технологические характеристики модели и максимально повысить эффективность ее эксплуа-
тации. К числу таких методов относится экспериментальный контроль параметров массо-инерционной 
асимметрии на заключительном этапе общей сборки летающей модели. В статье рассмотрено решение зада-
чи оптимизации процесса приведения параметров массо-инерционной асимметрии летающей модели кониче-
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ской формы к заданным нормативам. Единственная плоскость коррекции конструктивно расположена вблизи 
торца конуса, на значительном расстоянии от центра масс летающей модели. Балансировка летающей моде-
ли проводится в динамическом режиме в составе сборного ротора на низкочастотном динамическом верти-
кальном балансировочном стенде с газовыми опорами. Перед балансировкой масса, продольное положение 
центра масс и моменты инерции летающей модели должны быть определены экспериментально с использо-
ванием другого измерительного оборудования. В качестве критерия оптимизации принято достижение мини-
мального угла отклонения продольной главной центральной оси инерции относительно геометрической оси 
летающей модели при одновременном обеспечении заданного норматива по величине смещения центра масс с 
той же геометрической оси. В работе представлен алгоритм балансировки, легко реализуемый на современ-
ных компьютерах. Приведён числовой пример балансировки. Алгоритм позволяет исключить промежуточные 
шаги балансировки, сократив число шагов балансировки, как правило, до одного шага, а также сократив время 
проведения балансировочного эксперимента. За один шаг балансировки алгоритм позволяет либо привести 
параметры массо-инерционной асимметрии летающей модели к заданным нормативам, либо диагностиро-
вать невозможность для конкретной конструкции летающей модели обеспечить достижение заданных нор-
мативов. 

 
Ключевые слова: массо-инерционная асимметрия, балансировочный стенд, ось симметрии, ось инерции, 

момент инерции, центр масс, плоскость коррекции, дисбаланс, алгоритм. 
 
Introduction. This article continues the work [1; 2], 

in which the problem of balancing in the dynamic mode 
with the minimum displacement of the center of mass 
from the geometric axis stabilized by rotation of the coni-
cal flying model (LM), the cone of which is characterized 
by a small half-angle of the solution, was considered. 
Balancing is performed at the final stage of the general 
assembly of the model. In accordance with the algorithm 
given in [1], the model is balanced as a part of a prefabri-
cated rotor, on a low-frequency dynamic balancing stand 
with gas supports and a vertical axis of rotation [3; 4]. 
The balancing process involves the determination and 
subsequent reduction of the parameters of mass-inertial 
asymmetry of the model, which include the value of the 
transverse displacement of the center of mass from the 
geometric axis and the angle of deviation of the longitu-
dinal main central axis of inertia (SCOI) relative to the 
same axis [5; 6], to the values not exceeding the maxi-
mum permissible values specified in the operational 
documentation for the model. The presence of a single 
correction plane does not allow to fully combine the lon-
gitudinal GCI with the geometric axis of the LM, which is 
usually chosen as the construction axis. A balancing op-
tion with optimization according to the criterion of 
achieving the minimum center of mass displacement for a 
particular LM design is usually chosen, given the signifi-
cant effect of this parameter on the flight performance of 
the model [7]. 

Bringing the parameters to specified standards is car-
ried out by adjusting the mass of the model. For these 
reasons a balancing weight is attached to the standard 
plane of the model correction, which is located, as a rule, 
at the end (or near the end) of the conical FM at a consid-
erable distance from its center of mass. In this case, the 
mass and angular position of the balancing weight is cal-
culated according to the results of measuring the imbal-
ance vectors acting in two – in the upper (standard) and 
lower (hereinafter referred to as B and H, respectively) 
correction planes of the combined rotor, which includes a 
controlled model [8; 9]. As the lower correction plane, the 
lower end of the specialized technological adapter is used, 
inside of which the FM is vertically installed with droop 
in nose. Measuring the amplitudes and phases of the vi-

bration of the upper and lower supports, proportional to 
the values and angles of the imbalance vectors are carried 
out during spool down of the assembled rotor at a con-
stant operating speed [10; 11]. Firstly, the methodology 
involves bringing the controlled FM to a state of qua-
sistatic imbalance, and then modeling the state of momen-
tary imbalance (excluding the transverse displacement of 
the center of mass) with the calculation of the assumed 
skew angle of the longitudinal MCAI relating to geometry 
axis X of the model. If this angle does not exceed the ad-
missible limit value, then the parameters of the balancing 
weight are calculated and the mass of the FM is adjusted. 
And if it exceeds, then the estimated (at the same time as 
the minimum possible for this version of the model lay-
out) transverse displacement of the center of mass is cal-
culated, setting the value of the skew angle of the longitu-
dinal center for equal to the admissible limit value. If at 
the same time, the estimated skew angle of the longitudi-
nal MCAI does not exceed the specified admissible limit 
value, then the parameters of the balancing weight are 
calculated and the mass of the FM is adjusted. Otherwise, 
the balancing is stopped, and the FM is sent to the manu-
facturer for re-arrangement. The method is protected by 
patent of the Russian Federation under No. 2499985 [12]. 

However, there are flying models including that have 
a conical shape of the hull. To ensure dynamic stability 
and the operating efficiency it is more preferable to 
minimize the skew of the longitudinal MCAI relating to 
the geometric axis (while fulfilling the specified standard 
for the magnitude of the transverse displacement of the 
center of mass). This article proposes to consider a modi-
fication of the FM balancing algorithm [7; 12], which is 
aimed at solving the balancing problem by reducing the 
mass inertial asymmetry parameters to values not exceed-
ing the specified admissible limit values of these parame-
ters, but using the optimization according to the criterion 
of achieving the minimum possible for a controllable de-
sign of longitudinal MCAI in relation to the geometric 
axis of the model. A variant of the problem is considered 
when there is a priori information about the mass, the 
longitudinal position of the center of mass relating to both 
correction planes and the moments of inertia of the con-
trolled model obtained using other equipment and meas-
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uring instruments [8; 13; 14], as well as the balancing 
coefficients of the measuring system obtained when set-
ting up the stand for the control object using test weights 
[15; 16]. 

Balancing algorithm. The proposed algorithm as-
sumes that two initial starts of the assembled rotor are 
made with the FM rotated 180 degrees around the  
geometric axis inside the process adapter. Based on the 
results of measuring the vibrations of the supports, the 

parameters of initial imbalances NACH
ВD


 and NACH
НD


 (act-

ing in the correction planes) are calculated, as well as the 
initial parameters of the radius-vector 


 of the transverse 

displacement of the center of mass and the vector-angle of 
the longitudinal MCAI of the model X


 relative to its 

geometric axis by formulas are also calculated [15] 
NACH NACH

NACH В НD D

M


 

 


;                     (1) 

 21
arcsin

2

NACH NACH
В B Н HNACH

X

D x D x

I


 



 


,     (2) 

where M  – model mass, e aI I I    – difference be-

tween equatorial eI  and axial aI  moments of model iner-

tia, Bx  и Hx  – the distance from the center of the model 

mass to the upper and lower correction plane, respec-
tively. Then a balancing calculation is performed if the 
initial value of at least one of the parameters characteriz-
ing the asymmetry in the initial mass distribution of the 
FM exceeds the corresponding maximum permissible 
value dop  or Xdop , specified in the operational docu-

mentation for the model. In the process of calculation, the 
effect of imbalances in the correction planes modeling the 
intermediate states of the unbalanced FM is simulated. 
The results of the calculation are: either the determination 
of the mass and angle of installation of the balancing 
weight (its attachment to the standard plane allows to cor-
rect the mass of the FM, ensuring that the values of the 
monitored parameters are adjusted to the specified stan-
dards with optimization according to the criterion of 
reaching the minimum possible angle of skew of the lon-
gitudinal MCAI relative to the geometric axis of the 
model), or evidence for being unable to provide simulta-
neously two controlled parameters of mass-inertial 
asymmetry for the given model layout according to the 
given standards [7]. 

At the first step of the algorithm of balancing calcula-
tion, it is assumed that the FM is put into a mode of quasi-
static imbalance, that is when its geometric axis and lon-
gitudinal MCAI intersect, but not in the center of mass. 
This allows for further calculations to operate exclusively 
with collinear imbalance vectors acting in opposite cor-
rection planes. In order to put the FM into a quasi-static 
imbalance mode, the effect of the initial imbalance in the 
upper (regular) correction plane should be eliminated, 
specifying in it, as was shown in [2], compensating for an 

imbalance COMP
ВD


 equal in value, but opposite in the di-

rection of the initial imbalance NACH
ВD


. In this case, in the 

lower plane of the correction according to figure an addi-

tional imbalance will be formed, which is directed oppo-

site to the imbalance KOMP
ВD


 value of which is deter-

mined by the following formula 
1DPL COMP

Н В НВD D К  ,                       (3) 

where НВК  – influence coefficient of the upper plane of 
correction on the lower plane of correction in case of im-
balance in the upper plane of correction, determined  
experimentally during the pre-adjustment of the stand 

[15–17]. Shift of balance 1DPL
НD


, in turn, create imbal-

ances COMP
НD


 of equal geometrical sum of imbalances 
1DPL

НD


и NACH
НD


, instead of imbalance NACH
НD


 in the 
lower correction plane according to the following formulas 

 

2 21 1

1

2

cos

NACH DPL NACH DPL
Н Н Н НCOMP

Н NACH DPL
Н Н

D D D D
D

  


  
;   (4) 

1

1

sin sin
arctg

cos cos

NACH DPL
COMP Н Н
Н NACH DPL

Н Н

  
 

  
,           (5) 

where NACH
Н  and NACH

Н  – phase angles of imbalances 
NACH
НD


 и 1DPL
НD


 respectively. In this case, since there 
will be no imbalance in the upper correction plane, the 
longitudinal MCAI will intersect with the geometric axis, 
and the transverse displacement of the center of mass of 
the FM will be characterized by the following value 

COMP
COMP НD

M
  .                         (6) 

At the second step, the transfer of the FM to the re-
gime of static unbalance should be simulated, that is when 
the longitudinal MCAI is parallel to the geometric axis 
and there is no skew between these axes. To do this, the 

corrective imbalance KORR
ВD


 must be set in the standard 
correction plane, in accordance with fig., codirectional 
imbalance and defined by the following formula 

1

COMP
CORR Н
В

НВ

D
D

К



.                           (7) 

In this case, an additional imbalance will be formed in 

the lower plane of correction 2DPL
НD


, opposed to imbal-

ance CORR
ВD


 and defined by the following formula 

2DPL CORR
Н В НВD D К .                         (8) 

This, in turn, will lead to the formation of an imbal-

ance correction in the lower plane CORR
НD


 (instead of im-

balance COMP
НD


) of equal sum of the opposing imbalances 
COMP
НD


 and CORR
НD


. Amount of unbalance CORR
НD  will 

be determined by the following formula 
2CORR COMP DPL

H Н НD D D  .                   (9) 

Equality of equipolence imbalances CORR
ВD


 and 
CORR
НD


 provides the elimination of the skew of the longi-
tudinal MCAI with respect to the geometric axis and the 
transfer of the FM to the mode of static imbalance.  
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Diagram of counterbalancing calculation 
 

Диаграмма балансировочного расчёта 
 

 
In this case, the estimated value of the residual trans-

verse displacement of the center of mass from the geo-
metric axis of the FM, which will appear as a result  
of eliminating the transverse displacement of the center  
of mass, can be calculated by the following formula 

2 CORR
CORR ВD

М
  ,                           (10) 

If the condition CORR
dop    is met, the value BAL

ВD  

is defined and the angle position BAL
В  balancing imbal-

ance vectors BAL
ВD


, using the corresponding parameters 

of the unbalance vectors simulated in the regular correc-

tion plane B CORR
ВD


 и CORR
НD


. 

Balancing vector parameters BAL
ВD


 can be calculated 

using the following formulas in accordance with the fig-

ure representing the geometric sum of imbalances COMP
ВD


 

and CORR
ВD


 

 

2 2
2

cos

COMP CORR COMP CORR
В В В ВBAL

В COMP CORR
В В

D D D D
D

  


  
;     (11) 

sin sin
arctg

cos cos

COMP CORR
BAL В В
В COMP CORR

В В

  
 

  
.            (12) 

where COMP
В  and CORR

В  – unbalance phase angles 
COMP
ВD


 and CORR
ВD


 respectively. Then for the case 

0OST
X  , OST CORR

dop      the mass of the balancing 

weight is calculated according to the formula 

BAL
BAL В

B

D
m

r
 ,                                (13) 

herewith the installation angle of the balancing weight on 

the upper (standard) correction plane BAL  will match the 

phase angle BAL
В  of imbalance BAL

ВD


. 

Hereafter the FM mass is adjusted by attaching the 
balancing weight to the balancing plane B, thereby ensur-
ing that both parameters of the mass-inertial asymmetry 
are brought to values not exceeding the maximum permis-
sible values. In this case the skew of the longitudinal 
MCAI relative to the geometric axis is eliminated. How-

ever, in case the value KORR  exceeds the maximum per-

missible value dop , it is necessary to calculate the esti-

mated minimum possible deviation angle of the longitu-
dinal MCAI relative to the geometric axis minX , which 

can be achieved by changing the imbalance in the correc-
tion plane B while reducing the transverse displacement 
of the center of mass of the FM to the admissible limit 
value dop  according to the formula 

 
 

min
1

sin 2
2

1
.

X

COMP
dop Н COMP

В НВ Н Н Н
НВ

arc

М D
х К х D х

К

I

  

  
  
 

   
 
 

  (14) 

In case the reported value minX  will exceed the 

specified admissible limit value, the balancing experiment 
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is terminated, and the FM will be rejected and sent to the 
manufacturer for rebuilding due to the calculation that 
there is no possibility of simultaneously bringing the 
magnitude of the displacement of the center of mass and 
the angle of deviation of the longitudinal MCAI relating 
to geometric axis to values not exceeding the specified 
maximum admissible limit value. Otherwise, if the ine-
quation minX Xdop    is correct, the value of the imbal-

ance vector 
min| X

CORR
ВD 


, ensuring the achievement of the 

minimum value minX  when setting the displacement of 

the center of mass equal to dop  is determined by the 

formula 

min| 1X

COMP
dop НCORR

В
НВ

М D
D

К

 



,              (15) 

at the same time, a positive calculation result will mean 

that the directions of these imbalances 
min| X

CORR
ВD 


 and 

CORR
BD


 coincide, while a negative result, on the other 

hand, indicates that their directions are opposite. Due to 
the mutual influence of the correction planes, an imbal-

ance 
min| X

CORR
НD 


 will appear in the correction plane Н, 

which is co-directed to the imbalance COMP
НD


, the value 

of which is determined by the formula 

min

3
| X

CORR COMP DPL
Н Н НD D D  
  

,                   (16) 

where 3DPL
НD  – is a value of additional imbalance 3ДPL

НD


 

(not shown in fig. 1), appearing in the correction plane H 

as a result of the effect of an imbalance 
min| X

CORR
ВD 


 in the 

correction plane B and oppositely directed imbalance 

min| X

CORR
ВD 


. 3DPL

НD is determined by the formula 

min

3
| X

DPL CORR
Н В НВD D К .                 (17) 

Hereafter, the value 
min| X

BAL
ВD   and the angular position 

min| X

BAL
В   of the vector of balancing imbalance 

min| X

BAL
ВD 


 

are determined using the appropriate parameters  

of the imbalance vectors 
min| X

CORR
ВD 


 and COMP

ВD


 modeled 

in the balancing plane of correction B. After that,  

the mass of the balancing weight 
minX

BALm  is determined, 

the which setting is carried out in the angular position 
corresponding to the angular position of the imbalance 

min| X

BAL
ВD 


.  

To determine the value of the balancing imbalance, 
mass and setting angle of the balancing load, the follow-
ing formulas are used: 

 

2 2

min min

min

min

| |
|

|

2
,

cos

X X

X

X

COMP CORR COMP CORR
В В В ВBAL

В COMP CОРР
В В

D D D D
D

 




  


  
 (18) 

where 
min| X

CORR
В   – unbalance angular position 

min| X

CORR
ВD 


; 

min

min

min

|
|

|

sin sin
arctg

cos cos
X

X

X

COMP CORR
В ВBAL

В COMP CORR
В В






  
 

  
;        (19) 

min|
|

X

Xmin

BAL
ВBAL

В
B

D
m

r


  .                           (20) 

After that, the mass of the FM is adjusted by attaching 
the balancing weight to the balancing plane B, ensuring 
that the setting angles of the balancing weight and the 
vector of the balancing unbalance coincide, and confi-
dence firing of the assembled rotor is performed to con-
firm the correctness of the calculation. Based on the re-
sults of the confidence firing, the parameters of residual 

imbalances OST
ВD


 and OST
НD


 operating in the correspond-

ing correction planes after setting the balancing weight 
are determined, and the residual mass and inertial asym-
metry parameters are calculated according to a formula 
(neglecting the mass of the balancing weight, as it is ob-
viously practically insignificant compared to the mass of 
the controlled FM): 

OST OST
OST В НD D

M


 

 


;                      (21) 
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arcsin

2
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В B Н HOST

X

D x D x
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.             (22) 

The performance of the considered algorithm can be 
estimated using a specific numerical example. 

Example of calculating the balance weight. The 
balancing of the FM will be calculated with the following 
values of the task parameters: 

– model mass М = 100000 g; 
– distance from the center of mass of the FM to the 

upper correction plane Bx  = 570 mm; 

– radius of the upper correction plane Br  = 200 mm; 

– distance from the center of mass to the lower plane 
of correction Hx  = 800 mm; 

– difference between the equatorial and axial moments 
of inertia ΔI = 8,5·109 g·mm2; 

– admissible limit value of the transverse 
displacement of the center of mass dop  = 0,1 mm; 

– admissible limit value of cramp angle of MCAI 

Xdop  = 10' ≈ 0,166667°; 

– influence coefficient of the upper correction plane 
on the lower correction plane in case of imbalance in the 
upper correction plane КНВ = 0,3; 

– initial imbalance in the upper correction plane 
NACH
ВD  = 25000 g·mm, phase angle NACH

В  = 80°; 

– initial imbalance in the lower correction plane 
NACH
НD  = 10000 g·mm, phase angle NACH

Н  = 115°, 

– whence the initial values of the asymmetry 
parameters of the masses of the FM in accordance with 
(1) и (2): 

NACH  = 0,34 mm; 
NACH
X


 = 3,62'.' 

Since it was found that the initial values of the 
parameters of mass-inertial asymmetry exceed the 
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specified admissible limit value, we carry out a balancing 
calculation to achieve the conditions 

min ;

.

OST
X X Xdop

OST
dop

    

  
                      (23) 

We transfer the FM to the state of quasistatic 

imbalance, for which we introduce an imbalance COMP
ВD


 

with parameters COMP
ВD  = 25000 g·mm, phase angle 

COMP
В  = 260 °, compensating for the effect of the initial 

imbalance NACH
ВD


 in the upper correction plane. An 

additional imbalance 1DPL
HD


 will appear in the lower 
correction plane, the value of which in accordance  

with (3) will be 1DPL
HD  = 7500 g·mm, and the phase angle 

1DPL
H  = 80 °. The imbalance 1DPL

HD


 in total with the 

imbalance NACH
HD


 in accordance with (4) and (5) will 

form an imbalance COMP
HD


 in the lower correction plane 

with the parameters: COMP
HD  = 16707 g·mm, phase angle 

COMP
H  = 97.5°. Whence transverse displacement of the 

center of mass of the FM, in accordance with formula (6), 

total COMP  = 0.167 mm, which exceeds the specified 
value despite the presence of a skew of the longitudinal 
MCAI. 

Using (7) we calculate the parameters of the corrective 

imbalance CORR
ВD


, the action of which in the upper plane 
of the correction will eliminate the misalignment of the 
longitudinal MCAI relating to the geometric axis of the 

controlled flying model: CORR
ВD  = 12851.5 g·mm, phase 

angle CORR
В  = 97.5 °. In this case, in accordance with (8) 

a new additional imbalance vector 2DPL
HD


 will be formed 
in the lower correction plane due to the interaction  

of the correction planes with the parameters: 2DPL
HD  =  

= 3855.5 g·mm, phase angle 2DPL
H  = 277.5 °. This, in 

turn, in accordance with (9) will cause an imbalance 
CORR
HD


 in the lower plane of correction with  

the parameters: CORR
HD = 12851.5 g·mm, phase angle 

CORR
H  = 97.5 °. 

To fulfill the condition CORR
X  = 0, arising from the 

equality of the values of the co-directed imbalance vectors 
CORR
BD


 и CORR
HD


, the estimated transverse displacement 
of the center of mass from the geometric axis of the FM in 

accordance with expression (10) will be CORR  = 0,257 mm, 

which exceeds the specified admissible limit value dop . 

Using formula (14), we calculate the minimum skew 
angle of the longitudinal MCAI minX , not exceeding the 

value ГЛдоп  wherein it is possible to provide a value of 
the transverse displacement of the center of mass for this 
FM design equal to dop . As a result of the calculation, 

we shall obtain: minX  = –8.5', i. e. inequality 

minX Xdop    will be correct. In this case, the minus 

sign indicates the inclination of the longitudinal MCAI 
with its upper end towards the geometric axis of the FM. 

We shall define the value of the imbalance vector 

min| X

CORR
ВD 


 in the plane of correction В, ensuring the 

achievement of the value minX , according to the for-

mula (15). We shall obtain: 
min| X

CORR
ВD   = 9581,4 g·mm, 

phase angle 
min| X

KORR
В   = 277,5°. The value of imbalance 

min| X

KORR
НD 


 which is co-directional to imbalance KOMP

НD


 

we shall define according to the formula (16): 
min| X

CORR
НD   =  

= 19581,4 g·mm, phase angle 
min| X

CORR
Н  = 97,5°. Moreover, 

the value of the additional imbalance 3DPL
НD


, oppositely 

directed to the imbalance 
min| X

CORR
ВD 


, will be defined as 

following (17): 3DPL
НD  = 2874,4 g·mm, phase angle 

3DPL
Н  = 97,5°. 

Using the corresponding parameters of the simulated 

imbalance vectors 
min| X

CORR
ВD 


 and COMP

ВD


, we shall deter-

mine the value and the angular position of the vector of 

the balancing imbalance 
min| X

BAL
ВD 


 in the regular correc-

tion plane using formulas (18) and (19): 
min| X

BAL
ВD   =  

= 34259.3 g·mm, phase angle 
min| X

BAL
В   = 268.75 °. 

In accordance with (20) the mass of the balancing 

weight will be 
min| X

BAL
Вm   = 171.3 g, and its setting angle 

min| X

BAL
В   in the correction plane B will coincide with the 

angle 
min| X

BAL
В  , i. e. will be equal to 268.75 °. 

To assess the correct operation of the considered algo-
rithm, we shall make sure that the estimated value of the 

displacement of the center of mass 
min| X

CALC
  will be a value 

close to dop  after attaching the weights to the FM.  

Imbalance value 
min| X

BAL
НD 


 (not shown on figure), op-

positely directed to imbalance 
min| X

BAL
В  , appearing in 

place of imbalances 1DPL
НD  and 3DPL

НD  in the plane of 

correction Н as a result of the imbalance 
min| X

BAL
ВD  , can be 

determined by the formula 

min min| |X X

BAL BAL
Н В НВD D К  .                (24) 

Thus: 
min| X

BAL
НD  = 10498,8 g·mm, phase angle 

min| X

BAL
Н   = 88,75°. The calculated value of the displace-

ment of the center of mass of the FM, omitting the mass 
of the balancing weight (as insignificantly small), will be 
defined by the formula: 

min min

min

| |
|

X X

X

NACH NACH BAL BAL
В Н В НCALC

D D D D

M
 



  
 

   
. (25) 

We shall obtain: 
min| X

CALC
  = 0,11 mm, which practically 

corresponds to the set value dop . 
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Thus, as a result of the calculation carried out accord-
ing to the proposed algorithm, the required parameters of 
the balancing weight were found, the installation of which 
ensures the fulfillment of condition (23) with a deviation 
of the longitudinal MCAI from its geometric axis as low 
as practicable for this FM. Good consistency of the calcu-
lated data is confirmed, which proves the correctness  
of the balancing calculation. 

Conclusion. The considered balancing algorithm for a 
conical flying model in dynamic mode using a single cor-
rection plane structurally located at a considerable dis-
tance from the center of mass of the model, with optimi-
zation according to the criterion of achieving the mini-
mum skew angle of the longitudinal main centroidal axis 
of inertia, complements the algorithm [1; 2; 12]. The al-
gorithm has been pilot tested with getting positive results 
on a newly designed vertical dynamic balancing stand 
with gas supports and is protected by patent of the Rus-
sian Federation under No. 2694142 [18]. Work is being 
carried out to introduce the algorithm into the FM balanc-
ing method. The algorithm allows to reduce the number of 
balancing steps (as a rule, to one step), or by calculation 
to prove the impossibility of balancing the FM with the 
given parameters, and, accordingly, reduce the time of the 
balancing experiment. 
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