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Аннотация. В работе представлена методика определения мест установки балансировочных гру-

зов внутри отсеков космических аппаратов, основанная на применении комбинации методов анали-
тической и вычислительной геометрии, математического программирования и компьютерной гра-
фики. Применение балансировочных грузов необходимо для обеспечения потребного положения цен-
тра масс отсека и изделия в целом. При использовании методики решаются задачи обеспечения  
минимальной массы балансировочных грузов и снижения трудоёмкости на проработку вариантов их 
установки для ускорения оформления и согласования конструкторской документации. Зона размеще-
ния балансировочных грузов рассматривается как совокупность областей пространства, свободных 
от конструктивных элементов отсека и других составных частей изделия. С целью минимизации 
общей массы балансировочных грузов путём определения мест их установки по координатной сетке 
задачу размещения балансировочных грузов предлагается представить в виде задачи линейного про-
граммирования. Для тестирования в качестве примера рассматривался конический отсек изделия со 
сферическим днищем. По результатам расчётов было определено, что зона размещения балансиро-
вочных грузов должна находиться в районе стыка днища и обечайки корпуса. Была идентифицирова-
на конфигурация зоны размещения с учётом окружающих конструктивных элементов и определены 
координаты размещения балансировочных грузов и подобраны их массы. Тестирование показало ра-
ботоспособность предложенной методики и алгоритма на её основе. Эффективное использование 
методики возможно при наличии специализированного расчётного программного комплекса. 

 

Ключевые слова: балансировочный груз, центр масс, балансировка, компоновка отсека, космиче-
ский аппарат. 
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Abstract. The paper presents a methodology for determining the mounting places of balancing weights 
inside spacecraft compartments, based on the use of a combination of methods of analytical and computa-
tional geometry, mathematical programming and computer graphics. The use of balancing weights is nec-
essary to ensure the required position of the center of gravity of the compartment and the product as a 
whole. When using the methodology, the problems of ensuring a minimum mass of balancing weights and 
reducing the labor intensity of developing options for their installation are solved to speed up the prepara-
tion and approval of design documentation. The balancing weight placement zone is considered as a set of 
spatial regions free from compartment structural elements and other component parts. To minimize the 
overall mass of the balancing weights by determining their placement locations on a coordinate grid, the 
balancing weight placement problem is proposed to be represented as a linear programming problem. For 
testing, a conical compartment of a product with a spherical bottom was used as an example. It was deter-
mined that the balancing weight placement zone should be located near the junction of the bottom and the 
hull shell. The configuration of the placement zone was identified, taking into account the surrounding 
structural elements. The coordinates for placing the balancing weights were determined, and their masses 
were selected. Testing has showed the performance of the proposed methodology and the algorithm based 
on it. Effective use of the methodology is possible with the availability of a specialized calculation software 
package. 

 
Keywords: balancing weight, center of mass, balancing adjustment, compartment layout, spacecraft. 
 
Introduction 
When developing design documentation (DD) for spacecraft, at the conceptual or technical design 

stage, mass-centering and inertial requirements for the product and permissible deviations from them 
are determined. Ideally, these requirements should be met through a rational layout of the spacecraft's 
compartments. In practice, numerous errors (design, computational, manufacturing, metrological, etc.) 
lead to unacceptable deviations in the mass-centering and inertial characteristics (MCIC) of the prod-
uct [1; 2]. To eliminate these, partial or complete reconfiguration of the compartments is carried out, 
and when this is impossible for technical and economic reasons, balancing weights (BW) are used. 

Various balancing rigs are used to weigh and balance products and their components [2–11]. Dur-
ing spacecraft testing, they provide data on the actual values of mass, center of mass or center of grav-
ity (COG), and moments of inertia. If unacceptable deviations from MCIC are detected, the layout or 
arrangement of BW is adjusted according to change notices. 

There may be cases where the design documentation does not provide for the installation of a BW. 
During the working documentation stage, during its development or during prototype testing, the need 
for a BW may be identified. In such cases, a new design group is added to the working documentation, 
and technically, the number of BWs must be determined and locations for their installation on the 
spacecraft must be found. The task of locating payloads under such conditions increases the complex-
ity of the design documentation development. A heuristic solution to this problem does not guarantee 
the use of the minimum number (mass) of BWs. 

The objective of this work is to develop and refine a methodology for determining BW installation 
locations within spacecraft compartments. The objectives of this work include developing computa-
tional mathematical models, identifying sources and methods for processing initial data, developing an 
algorithm for a software package to be developed in the future, and testing (refining) the methodology 
using a spacecraft compartment as an example. 

The relevance of this research topic, in addition to reducing the labor intensity of design documen-
tation development and minimizing the weight of the BW, is determined by the fact that spacecraft 
balancing using additional BWs will be carried out on both existing and newly developed products. 
Therefore, a reliable mathematical apparatus and calculation software package for solving the problem 
of determining BW installation locations will be in demand for quite a long time. 

This paper examines the static balancing of spacecraft. For questions on dynamic balancing of 
spacecraft, it is recommended to refer to works [2; 3; 5; 7–11]. Although determining the actual values 
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of the maximum permissible coefficient of performance of products using dynamic balancing methods 
can be more accurate, as noted in [11], for large-sized and outsized products, where BW placement 
zones can cover large areas and, therefore, hundreds of small payloads of various configurations can 
be used, static balancing methods appear more rational in terms of the test base. This provision does 
not exclude the fact that dynamic balancing of the product must also be carried out on par with static 
balancing in order to ensure not only the required position of the COG, but also the required values of 
the moments of inertia. 

This article presents mathematical models for calculating the COG and mass of a BW installation, de-
termining the configuration of a BW placement zone, calculating the BW mass separately, presents a 
block diagram of the algorithm of actions according to the proposed method, provides a list of the neces-
sary initial data indicating their possible sources, and presents the results of developing this method. 

 
Center of Mass for Balancing Weight Installation 
First, it is necessary to determine the coordinates of the COG for the BW installation, assuming that 

only one BW is required. This point is formed at the intersection of the centering line and the BW 
placement surface. The centering line is a line that passes through the specified COG of the spacecraft 
and the current COG of the spacecraft without the BW. The balancing weight placement surface is a 
theoretical surface on which the median number of balancing weight centers of mass is located. It is 
situated at a distance from the shell surface of the spacecraft compartment equal to half the thickness 

BWavgh  of the standard balancing weights from the standard nomenclature, which are in the form of 

plates of equal length and width BWavgl . In general, the surface is not smooth. The calculation scheme 

is shown in Fig. 1. 

 
 

Рис. 1. Расчётная схема для определения ЦМ установки БГ 
 

Fig. 1. Computational model for balancing weights (BW) center  
of gravity (COG) determination 

 
The standard form of the equation of the centring line is 

0 0 0

,BW BW BW BW BW BWC C C C C C

C C C x y z

x x y y z z x x y y z z

x x y y z z r r r

     
    

     
                  (1) 
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where  0 0 0 0
T

r x y z  is the coordinate vector of the specified position of the spacecraft’s COG; 

 TC C C Cr x y z  is the coordinate vector of the current position of the spacecraft’s COG without 

BW;  BW B
T

W BW BWr x y z  is the coordinate vector of the COG of the BW installation; 

  0

T

x y z Cr r r r r r        is the vector of deviations of the coordinates of the spacecraft’s COG 

without BW from the specified position.  
Geometrically, the spacecraft’s compartment hull may take the form of a hypersurface – a combi-

nation of several segments of various elementary surfaces. For design purposes, the shapes of such 
segments of the spacecraft’s hull can be adequately described by surfaces of no higher than second 
order [12; 13]. In general form, the surface equation takes the form 

 

442 0,TU AU bU a                                                             (2) 

where  Tx y zU u u u  is the vector of coordinates of points on a segment of the spacecraft’s hull 

surface; 

11 12 13

21 22 23

31 32 33

a a a

A a a a

a a a

 
   
 
 

 is the affine matrix of coefficients for the quadratic term of the equation; 

 14 24 34b a a a  is the vector of coefficients for the linear term of the equation; 

: , 1,4jka j k   is a set of coefficients for the equation of the spacecraft’s hull surface segment. 

 

The coefficients of equation (2) are determined according to Table 1 [14], depending on the type of 
surface segment. 
 

Table 1 
Coefficients of the equation for a spacecraft hull surface segment 

 

Surface 
11a  22a  33a  14a  24a  34a  44a  

Plane 0 0 0 xn  yn  zn   COMPT COMPT COMPTx y zn x n y n z    

Sphere 1 1 1 COMPTx  COMPTy  COMPTz  2 2 2 2
COMPT COMPT COMPT COMPT

x y z R    

Cylinder 0 1 1 0 COMPTy  COMPTz  2 2 2
COMPT COMPT COMPT

y z R   

Cone 2tg φ  1 1 2tg φCOMPTx  COMPTy  COMPTz  2 2 2 2tg φ
COMPT COMPT COMPT

y z x   

 

In Table 1,  x y zn n n  represents the cosines of the normal to the plane; 

 COMPT COMPT COMPT COMPTr x y z  represents the coordinates of a point on the plane, the centre of 

the sphere, the cylinder or the cone; COMPTR  represents the radius of the spacecraft’s compartment; φ  

represents the angle of the cone’s semi-apex.  
The coordinates of the center of gravity (COG) of the BW assembly can be found using a vector 

transformation of the canonical equation of the centering line (1): 
 

0 ,BW BWr r r r                                                                   (3) 

where  λ χ γr   represents certain parameters of the centering line equation, depending on the 

shape of the spacecraft body surface segment;  ξ ζ ς
T

BWr   represents the deviations of the 
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spacecraft’s COG coordinates (without BW) from the specified position, depending on the shape of the 
spacecraft body surface segment. 

Substituting equation (3) into equation (2) produces quadratic equations in the unknown parameters 
of the centering line: 

 

 

2 2 2
0

2 2 2

2 2 2

ξ λ 2 ξλ 0  ,

ζ χ 2 ζχ 0  ,

sphere

cylinder

ς γ 2ς γ co e0  .n

COMPT

COMPT

COM
Т

Т

PT

Т

r r R

r Р

A r A E Q

     
    


    

                                                                              (4) 

In system (4), the following convolutions are used for the equation on the sphere: 

       

           

2 2 2 2

0 0 0 0

2 22 2 2 2 2
0 0 0 0

ξ ξ ξ ξ ξ ξ ,

ξ ξ ξ ξ,

.

COMPT COMPT COMPT COMPT

COMPT COMPT COMPT COMPT BWavg COMPT COMPT BW

Т

avg

x y z

T
x y zx x y y z z r r

x x y y z z R h r r R h R

    

       

            

 

In system (4), the following convolutions are used for the equation on the cylinder: 

   

2 2 2

2 22 2 2

0 ζ ζ ζ ζ ζ ,

0 ζ ζ ζ,

0 0,5 0,5 .

COMPT

COMPT COMPT

COMPT COMPT

COMPT BWav

T
y z

T
y z

g COMPT COMPT BWavg

y z r

y z R l r R l P

    
   

        

 

In system (4), the following convolutions are used for the equation on the cone: 

 
       

       

2 2 2 2

2

2

22 2 22 2 2 2 2
0 0 0 0

ς ς ς ς ς ς ,

tg φ 1 1 ,

ς tg φ 1 ς 1 ς 1 ς ,

tg φ 2 tg φ 2 .

COMPT

COMPT COMPT COMPT

T
x y z

T

T
COMPT COMPT COMPT

COMPT COMPT COMPT

x y z

A

x y z r A E

x x y y z z x r r A R Q

    

 


      

          

 

The roots of the equations in system (4) are 

 

 

0

2

2

2

ξ
λ   ,

ξ

ζ
χ   

sphere

cylinde ,
ζ

ς
γ   

r

cone.
ς

COMPT

COMPT

T
COMPT sph

cyl

cone

Т

Т

r r D

r D

r A E D

A

   
  



 
 


    


                                                                                     (5) 

The following convolution operations are used in system (5): 

 

 

2
2 2

0

2 2 2

2
2 2

sphere

cylinder

ξ ξ   ,

ζ ζ   ,

ς ς   co .ne

COMPT

COMPT

sph COMPT

cyl

cone

Т

Т

Т

D r r R

D r Р

D r A E AQ

       
      

       
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In each case, one of the two possible solutions in system (5) is selected based on the following cri-
terion: 

min.BWr                                                                      (6) 

From the known equation of the COG of a spacecraft, we can derive a formula for estimating the 
total mass of the BW: 

0

0

,C
BW SC

BW

r r
M M

r r





                                                             (7) 

 

where SCM  is the mass of the spacecraft without BW.  

The proposed approach to determining the coordinates of the center of gravity (COG) of the BW 
installation using Equation (3), with the coefficient values from (5) based on criterion (6) and the total 
mass of the BW calculated using equation (7), gives only an approximate result. As mentioned earlier, 
in reality, the surface on which the BW is placed is not smooth when BWs of different configurations 
are used. Therefore, the COG of the BW assembly will shift in the neighborhood along the centering 
line from the wall of the spacecraft compartment closer to the specified COG of the spacecraft without 
the BW. Consequently, the BW placement must be modeled in order to derive the final coordinates of 
the BW center points from the resulting electronic geometric model of the BW installation and then 
recalculate the spacecraft’s MCIC. To do this, first of all, one must identify available spaces in the 
neighborhood of the previously determined center of gravity of the BW installation. 

 
Identification of the Configuration of the Balancing Weight Accommodation Zone 
The balancing weight accommodation zone is a collection of spatial regions free from compartment 

structural elements and other components of the spacecraft. Generally, it can be separable and contain 
discontinuities. 

During automated balancing weight placement, the configuration identification of the accommoda-
tion zone must also be automated to ensure the processing and use of model information for further 
actions. During this procedure, the boundaries of free regions along the surface of the spacecraft com-
partment body are determined, and the coordinates of points within these boundaries are stored at a 
specified interval. 

The points of the structural elements on the surface of the spacecraft compartment body form a 
layer. Within this layer, points belonging to the boundaries of the BW accommodation zone are de-
termined. They are connected by straight lines, thereby forming closed exclusion zones. The number 
of such zones is equal to the number of structural elements in a given area surrounding the BW instal-
lation's center of gravity, as the points in question possess attributes of belonging to specific electronic 
geometric models. By logically subtracting the exclusion zones from the surface of the BW accommo-
dation zone, the available space for the payload installation is determined. Built-in procedures of CAD 
systems are used to check the space of the BW installation's intersections with its surroundings. 

The sequence of steps described above is known as the Jarvis algorithm or method [15], according 
to which the points of interest are determined based on the following criterion: 

 

        1 1 1 1 1 1 1cos v min,i i i i i i i i i i i i ix x x x y y y y z z z z                            (8) 

 

where  1 1 1i i ix y z    is the coordinates of the second-to-last identified point;  i i ix y z  is the 

coordinates of the last identified point;  1 1 1i i ix y z    is the coordinates of the next point to be 

identified; 1vi  is the angle between the points in consideration. 

The advantage of the Jarvis method, for example, over the Graham fast shell scan, is that it requires 
fewer calculations and is more convenient to use in three-dimensional space [16]. 
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Coordinates of the placement of balancing weights 
The identified BW placement area is delineated with a coordinate grid, the spacing of which is 

equal to the dimension BWavgl  of the main BWs from the nomenclature. The markings should be made 

on the BW placement surface.  
To minimize the overall BW mass by determining BW installation locations using the coordinate 

grid, the BW placement problem can be represented as a linear programming problem, where the ob-
jective function is 

1

min,
BWN

j
j

BW BWM m


                                                             (9) 

where 1, BWj N  is the ordinal number of the BW; BWN  is the number of all BWs; jBWm  is the mass 

of the BW.  
This objective function is subject to mass constraints depending on the available range of BWs 

used:  
 

0,

max ,

BW

BW BW

j

j j

m

m m


 

                                                            (10) 

where max jBWm  is the maximum possible mass of BW according to the nomenclature.  

In addition, the following centering constraints are imposed on the objective function (9): 

   

   

0 0 0
1

0 0 0
1

min min 0,

max max 0,

BW

BW

SC BW BW

SC BW BW

N

j j
j

N

j j
j

M r r m r r

M r r m r r






   



    





                                    (11) 

where 0 0min ,  maxr r  are the vectors of the boundary admissible values of the spacecraft's center of 

mass coordinates.  
A linear programming problem with an objective function of the form (9) and constraints of the form 

(10) and (11) can be solved, for example, using the simplex method or the multiparametric Newton method 
[17]: 

   1

1
,BW BW BW

T T T
j j Bk kk Wk

m m H M M


                                               (12) 

where k  is the ordinal number of the computational iteration;  1
Bk WH M  is the inverse Hessian ma-

trix of the objective function (9);  W
T
k BM  is the Nabla operator of the objective function (9).  

For technical reasons, the obtained BW masses may be rounded to integer values. The grid point 
numbers at which the BW mass is nonzero are used to construct an electronic geometric model of the 
BW installation. It should be noted that BW units of different masses but identical overall dimensions 

jBWl  will have different thicknesses jBWh . Therefore, if geometric intersections with structural ele-

ments occur, some BW units will need to be repositioned.  
After that, the coordinates of the BW unit’s COG are recalculated to account for the fasteners using 

the formula 

,
BW BW BW fast Bj j W fast

BW
BW BW fast

j

j
j

m r m r

r
m m









                                              (13) 
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where BW fastm  is the mass of the fastener;  BW fast BW fast BW fast BW fast

T
r x y z  is the coordinate 

vector of the fastener's COG.  
When using adhesive and other permanent types of joints, the calculation using formula (13) is per-

formed under the assumption that the layer of fastening material is distributed uniformly across the 
surface of the spacecraft compartment wall. The coordinates of the fastener’s center of mass are de-
termined during simulation. 

A general flowchart of the algorithm for placing BWs using formulas (1)–(13) is shown in Fig. 2. 
The list of required input data and their possible sources is presented in Table 2. 

 

 
 

Рис. 2. Общая блок-схема алгоритма определения мест установки БГ 
 

Fig. 2. Control flow chart for BW mounting places determination 
 

Table 2 
List of input data and their sources for the algorithm 

 

Data Module Parameter Sources Collection options 
Processing 
methods 

Coordinates of the 
spacecraft’s COG at  
a specified position 

0r  

Explanatory note on 
spacecraft 
General types of 
spacecrafts 

Retrieving or entering 
information from DD 

Entering 
Retrieving  

Coordinates of the 
spacecraft’s COG at 
the current position, 
excluding the BW 

Cr  

Calculation of MCIC 
of spacecraft 
Model of the space-
craft compartment 
Balancing rig 

Retrieving or entering 
information from DD 
Retrieving or entering from the 
model 
Retrieving or entering 
information from the rig 

Retrieving 
Calculation 
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End of table 2 
 

Coordinates of the 
geometric center of the 
compartment hull 

COMPTr  

General types of 
spacecrafts 
Model of the space-
craft compartment 

Retrieving or entering 
information from DD 
Retrieving or entering from the 
model 

Entering 
Retrieving 

Inner radius of the 
spacecraft 
compartment hull 

COMPTR  

General types of 
spacecrafts 
Model of the space-
craft compartment 

Retrieving or entering 
information from DD 
Retrieving or entering from the 
model 

Entering 
Retrieving 

Mass of the spacecraft, 
excluding the BW SCM  

Explanatory note on 
spacecraft 
General types of 
spacecrafts 
Calculation of MCIC 
of spacecraft 
Model of the space-
craft compartment 
Balancing rig 

Retrieving or entering 
information from DD 
Retrieving or entering from the 
model 
Retrieving or entering 
information from the rig 

Retrieving 
Calculation 

Average thickness of 
the BW from the 
nomenclature 

BWavgh  
DD on BW 
Model of the space-
craft compartment 

Retrieving or entering 
information from DD 
Retrieving or entering from the 
model 

Entering 
Retrieving 

Average dimensions of 
the BW from the 
nomenclature 

BWavgl  
DD on BW 
Model of the space-
craft compartment 

Retrieving or entering 
information from DD 
Retrieving or entering from the 
model 

Entering 
Retrieving 

Mass Constraints max jBWm  Explanatory note on 
spacecraft 

Retrieving or entering 
information from DD 

Entering 
Retrieving 

Centering Constraints 
0

0

min

max

r

r
 

Explanatory note on 
spacecraft 

Retrieving or entering 
information from DD 

Entering 
Retrieving 

 
The method is implemented according to the algorithm presented in Fig. 2, in the following order 

of actions: 
1. Determine (specify) the surface type of the spacecraft compartment body according to equation 

(2). 
2. Calculate the coordinates of the COG of the BW installation using formulas (3)–(6). 
3. Calculate the total mass of the BW using formula (7). 
4. Construct the boundaries of the BW placement zone and the exclusion zones according to crite-

rion (8) using the Jarvis method. 
5. Construct a coordinate grid on the surface of the BW placement zone with a given step equal to 

the average BW size from the nomenclature. 
6. Record the coordinates of the grid nodes as possible coordinates for the placement of the BW. 
7. Set the maximum masses of the BW at all nodes of the coordinate grid. 
8. Calculate the optimal masses of the payload at the coordinate grid nodes by solving the linear 

programming problem (9)–(11) using Newton's method (12) or the simplex method. 
9. Taking into account the results of optimization and the mass of the fasteners, calculate the coor-

dinates of the COG of the BW installation using formula (13). 
10. Calculate the MCIC of the spacecraft layout. 
11. Check that the conditions for the permissible deviations of the COG and the moments of inertia 

are met. 
12. If the conditions in point 11 are not met, repeat points 6–11 of this procedure, taking into ac-

count the current optimization results. 
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13. If the conditions in point 11 are met, take the balancing result into account in subsequent calcu-
lations of the MCIC of the spacecraft compartment. 

 

 
 

Рис. 3. Результаты определения мест установки БГ: 
1 – внутренние стенки корпуса; 2 – сечение корпуса; 3 – конструкция;  

4 – БГ тип 1 (массивные); 5 – БГ тип 2; 6 – БГ тип 3; 7 – БГ тип 4 
 

Fig. 3. Results of BW mounting places determination: 
1 – hull surface inside; 2 – hull sectional view; 3 – construction;  

4 – BW type 1 (massive); 5 – BW type 2; 6 – BW type 3; 7 – BW type 4 

 
Test Results 
A conical spacecraft compartment with a spherical bottom was used as an example for testing. Cal-

culations using formulas (2)–(6) revealed that the BW placement area should be located near the junc-
tion of the bottom and the hull shell. The configuration of the placement area was identified, taking 
into account the surrounding structural elements. The coordinates for the placement of the BWs were 
determined and their masses were selected. 9 of the 40 applied BWs needed to be moved to eliminate 
intersections with the structure. After this, the determination of the BW installation locations was 
completed, the coordinates of the COG of the BW installation center were recalculated, the MCIC of 
the spacecraft with the BW were also recalculated, and the fulfillment of the typical mass-centering 
and inertial requirements was ensured. To improve the assembly efficiency, 24 adjacent BWs were 
combined into monolithic massive BWs with complex geometry (topology). The simplified modeling 
results are shown in Fig. 3. 

 
Conclusion 
As a result of testing, the methodology for determining BW installation locations within the space-

craft compartment was refined. Electronic dimensional models of the simulated compartment and its 
structural elements were used for modeling. The degree of detail of the models will presumably impact 
the speed of the algorithm and the quality of the solution. Intersections with structural elements may 
occur when their detailed models are replaced by dimensional models, as well as if the surrounding 
elements do not belong to the payload placement surface. It is also necessary to shift BWs whose 
thickness does not equal the average value from the nomenclature. 

Based on the placement results, the user can, at his own discretion, combine adjacent BWs into 
more massive BWs of any shape in order to reduce the labor intensity of their manufacture and instal-
lation. These actions may lead to deviations in the mass of the BW, therefore, after completing all 
transformations, it is recommended to recalculate the MCIC of the spacecraft. If the enterprise does 
not have a nomenclature of standardized BWs, then the most suitable dimensions of square BWs 
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should be specified as initial data, guided by analogies from statistics. When modeling, it is necessary 
to take into account the variation in the mass of the BWs, so their models must be parameterized by 
thickness. 

To determine the COG of the BW installation, identify the configuration of the BW placement 
zone, calculate the BW placement coordinates, and verify the requirements for the spacecraft's MCIC, 
one has to perform many mathematical operations. This method is advisable to use only when a spe-
cialized calculation software package is available, including modules for static and dynamic balancing. 

Furthermore, it must be taken into account that the model of the BW installation obtained by the 
method must be supplemented with models of fasteners and other components. For issuing the DD, it 
will still be necessary to go through approvals regarding the surrounding structure and strength. In-
cluding auxiliary sections in the method to automate these stages makes no sense, because these simu-
lation results are performed using special software products. Nevertheless, they are very useful when it 
is necessary to work out and discuss several options for BW placement before starting to prepare the 
DD. 

Thus, as a result of the work performed, a method for determining the installation locations of BWs 
inside spacecraft compartments was developed and tested. Using the proposed algorithm, it is possible 
to ensure the minimum total mass of the BWs used. Simulation showed that in order to meet the re-
quirements for the spacecraft's MCIC regarding allowable values of moments of inertia, dynamic bal-
ancing should be performed. In addition, some comments were identified regarding the particular pro-
cedures, the introduced assumptions, and the order of using this method. Nevertheless, the proposed 
approach allows reducing the labor intensity of developing the DD for BW installation by accelerated 
elaboration of various BW placement options, assessment of possible intersections with structural 
elements of the compartment and other surrounding equipment at the stages of preliminary design and 
working DD. Also, the possibility of organizing the process of transferring initial data from the bal-
ancing stand software is not excluded. 
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