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General provisions 

 The purpose of the calculation and graphic work performed by students in 

accordance with the norms of the working curriculum in the discipline "Special 

Electric Machines and Electric Drive in Construction" is to train highly qualified 

specialists for the construction industry with in-depth knowledge of vibration and 

electromechanical systems of automated electric drive of construction machines 

and mechanisms. It also includes theory and practice in the use of special electric 

machines, in particular, coaxial-linear magnetoelectric motors to drive the 

working body of electromechanical systems.  At the same time, students are 

required to comprehend the processed scientific and technical literature, study 

theoretical issues and carry out modelling of electromagnetic, traction and 

frequency characteristics of drives of electromechanical systems in the 

construction industry using computer technology. 

Other questions about the practical task: 

Start date - 3 weeks; end date - 18 weeks; assignment volume - 30-36 A4 

pages; approximate labour intensity - 36...40 hours; students perform the work 

according to the option (see Table 1) according to the number of the student's 

record book (first two digits or last two digits). Vibration devices for performing 

the work are added in accordance with the options. 

The design of the calculation and graphic work is carried out in accordance 

with DSTU 3008: 2015. 

 

Summary of the practical assignment for the calculation and graphic work 

Theme: 

Automated electric drive of the vibroelectromechanical system based on 

ME-СLМ for compaction of concrete mix (ME-KLD-ССM). 

1. CALCULATION OF THE DESIGN PARAMETERS OF THE ME-CLD FOR 

DRIVING THE WORKING BODY OF THE VIBRATING PLATFORM 

1.1 These values are used to calculate the design parameters of a 

magnetoelectric coaxial linear motor (ME-CLM). 

1.2 The main dimensions of the design and electromechanical parameters 

of ME-CLM. 

2. FREQUENCY CHARACTERISTICS OF THE (ME-CLM-VP)  

2.1 Modelling of frequency characteristics of ME-CLM. 

2.2 Modelling of frequency characteristics of ME-CLM-VP. 

CONCLUSIONS 

LIST OF REFERENCES 

ANNEX 
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Table 1  

Variants of tasks for the calculation of the magnetoelectric coaxial 

linear motor ME-CLM 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To carry out the calculation and graphic work, we propose the following 

vibroelectromechanical systems in the construction industry: vibroplatforms for 

compacting concrete mix (see Table 1, var. 1,6); vibro-devices for pile driving 

(see Table 1, var. 2,7,13); immersion of reinforcing cages for the formation of 

№ Р, 

кV

т 

2р 𝜏, м 𝛿, 

mm 

cos φ 𝜂1, 
𝐴1

′ ,
𝐴

м
 f0., 

Hz 

U, 

B 

1 2 3 4 5 6 7 8 9 10 

1 2,2 8 0,056 1,0 0,65 0,62 30·103 17 220 

2 3 8 0,062 1,5 0,65 0,62 30·103 17 220 

3 4 8 0,066 1,6 0,62 0,63 30·103 17 220 

4 5,5 8 0,072 1,8 0,62 0,64 30·103 17 220 

5 7,5 10 0,076 1,8 0,62 0,65 30·103 17 220 

6 11 12 0,080 2,0 0,65 0,65 30·103 17 380 

7 2,2 8 0,054 1,2 0,65 0,65 32·103 19 220 

8 3 8 0,056 1,5 0,65 0,64 32·103 19 220 

9 4 8 0,064 1,6 0,66 0,64 32·103 19 220 

10 5,5 8 0,068 1,5 0,66 0,63 32·103 19 220 

11 7,5 8 0,072 1,6 0,66 0,65 32·103 19 220 

12 11 10 0,074 1,8 0,65 0,66 32·103 19 380 

13 2,2 8 0,050 1,2 0,65 0,64 32·103 19 220 

14 3 8 0,060 1,4 0,64 0,63 32·103 19 220 

15 4 8 0,062 1,2 0,64 0,64 32·103 19 220 

16 5,5 8 0,066 1,5 0,63 0,63 28·103 21 220 

17 7,5 10 0,068 1,8 0,65 0,65 28·103 21 220 

18 11 12 0,076 1,6 0,66 0,64 28·103 21 380 

19 7,5 10 0,072 1,6 0,65 0,64 28·103 21 220 

20 11 12 0,074 1,8 0,65 0,65 28·103 21 380 

21 22 16 0,078 2,2 0,65 0,62 28·103 21 380 

22 22 18 0,076 2,4 0,65 0,62 31·103 22 380 

23 11 12 0,072 1,7 0,62 0,63 31·103 22 380 

24 11 14 0,076 1,9 0,62 0,64 31·103 22 380 
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injection piles (see Table 1, var. 3,4,8,9); devices for underground utilities (see 

Table 1, var.5,10), for moving bulk materials (see Table 1, var.18,19); devices for 

soil compaction (see Table 1, var.12,14,20); vibrating screens (see Table 1, 

var.16,22); vibrating pumps (see Table 1, var.15,21). 

 

When performing work for all variants:  

number of phases m1=1; mains frequency f=50 Hz; cooling method - ICO141; 

insulation heat resistance class - F; level of protection against external factors of 

influence - IP44.  

When modelling the electromagnetic and traction characteristics of ME-

CLM, an approximated expression [1,2,3,4] for the distribution of magnetic 

induction in the motor gap was proposed
  

𝑩мах.𝒓𝒂𝒅(𝒄) = −𝟎, 𝟎𝟑𝟑𝟖𝜹𝒓𝒉 + 𝟎, 𝟔𝟏𝟑𝟒,                             (1) 

where δrh is the nonmagnetic gap.  

When calculating the values of the parameters of the traction characteristic 

(Fig. 1.5) F=f(X,I) of the ME-CLM motor [5], we use the approximated 

expression (2) at a phase voltage of U = 380 V. 

𝑭 = −𝟎, 𝟏𝟐 ∗ 𝑿𝟐 ∗ 𝑰𝒏 + 𝟎, 𝟒 ∗ 𝑿 ∗ 𝑰𝒏 + 𝟏𝟗, 𝟓 ∗ 𝑰𝒏,            (2) 

where In is the rated current in the stator winding of the ME-CLM, A; X  is the 

movement of the runner (armature), mm (fig. 1.5). 

At a phase voltage of U = 220 V, expression (2) takes the form 

𝑭 = (−𝟎, 𝟏𝟐 ∗ 𝑿𝟐 ∗ 𝑰𝒏 + 𝟎, 𝟒 ∗ 𝑿 ∗ 𝑰𝒏 + 𝟏𝟗, 𝟓 ∗ 𝑰𝒏)/√𝟑.         (3) 

When modelling the characteristics of the magnetic induction distribution 

[1,2,3,4] in a nonmagnetic air gap B=f(δ), as well as the electromagnetic traction 

characteristics F=f(X,I) [5], computer modelling and numerical calculation of the 

magnetic field in the COMSOL Multiphysic software package were used. The 

least-squares method and Microsoft Excel software package were used to 

approximate the maximum values of the parameters of the characteristic curves 

Bmax=f(δ) and Fmax=f(X,I). 

 

 

  



6 

Theme: 

AUTOMATED ELECTRIC DRIVE OF A VIBROELECTROMECHANICAL 

SYSTEM BASED ON ME-CLM FOR COMPACTION OF CONCRETE MIX 

(ME-CLM-CCM). 

 (Example) 

1. CALCULATION OF THE DESIGN PARAMETERS OF THE ME-CLM 

FOR DRIVING THE WORKING BODY OF THE VIBRATING PLATFORM 

1.1 These values are used to calculate the design parameters of a 

magnetoelectric coaxial linear motor (ME-CLM). 

Rated power 𝑃𝑛𝑜𝑚 = 11𝑘𝑊; 

Phase voltage 𝑈1 = 380𝑉; 

Number of phases mf = 1; 

Weight of the vibrating platform m2 = 3000 kg; 

Frequency of the power supply network 𝑓1=50 Hz; 

ME-CLM natural frequency f0=21 Hz; 

Number of poles 2р=12; 

Pole distribution 𝜏=0,075 m; 

Air gap between stator inductor and runner (secondary element)  𝛿 = 0,015𝑚;  

Previous value of power factor 𝑐𝑜𝑠𝜑=0,65; 

Previous value of efficiency 𝜂=0,66; 

Preliminary value of the linear load A1
′ =32·103 А/м . 

𝛼𝑖 =
𝐵𝑐ер.

𝐵′𝛿
≈ 0,64 - is the pole overlap coefficient, where the ratio of the average 

magnetic induction value (Вmdl.) in the gap to its maximum value ( 𝐵′𝛿) look (1). 

The magnetic cores of the stator and the runner (armature) of ME-KLD 

are made of electrical steel grades E1211; E1213; E320. 

 

 

 

 

 



7 

1.2 The main dimensions of the design and electromechanical parameters of 

ME-CLM. 

Estimated total capacity  

𝑆1 =
𝐾𝐸∗𝑃𝐻

𝜂1∗𝑐𝑜𝑠𝜑
=

0,94∗11000

0,66∗0,65
= 24102,6 VA = 24kVA,   (1.1) 

where 𝐾𝐸 =
𝐸1

𝑈1
= 0,94 while КЕ corresponds to a smaller number of pairs (p=3) 

of poles (according to annex 1.1).  

Velocity of the running magnetic field ME-CLM 

𝜐1 = 2𝜏ϝ1 = 2 ∗ 0,075 ∗ 50 = 7,5
м

с
 .       (1.2) 

Estimated length of the magnetic circuit of the stator inductor of a 

magnetoelectric coaxial-linear motor (Fig. 1.1)  

𝐿1 = 2𝜏𝑝 + 𝑏з
′ = 2 ∗ 75 ∗ 6 + 5,5 = 905,5 𝑚𝑚,      (1.3) 

where bз
' = (4,5 ÷ 5,5) – preliminary value of tooth width, mm; 

Internal diameter of the stator inductor ME-CLM 

𝐷в1 =
𝑆1∗106

√2𝜋∗Коб∗𝜗1∗𝐿1∗𝐴1
′ ∗𝐵б

′ =
24,103∗106

√2𝜋∗0,21∗7,5∗0,905∗32∗103∗0,6
≈ 200𝑚𝑚,       (1.4) 

where Коб = 0,21 installation and design coefficient of the armature runner ME-

CLM (0,2÷0,5). 

Height of the stator magnetic circuit back 

ℎ𝑐1 =
0,5𝜏𝐵б

𝑘𝑐1𝐵𝑐1
= 0,5 ∗ 75 ∗

0,6

0,95∗1,55
= 15𝑚𝑚,   (1.5) 

where kc1 = 0,95 – filling factor of the stator magnetic circuit; 

Bb is the preliminary calculated value of magnetic induction in the gap 

using expression (1) 𝐵𝑏мах = −0,0338𝛿𝑟ℎ + 0,6134 = −0,0338 ∗ 1,5 +

0,6134 = 0,56 Т𝑙, ; 

Bc = 1.55 Tl (see Annex 1.2) is the value of magnetic induction of the 

stator back of the inductor. 

Preliminary calculated value of the stator inductor outer diameter 

𝐷𝑐1 = 𝐷в1 + 𝜏 + 2ℎ𝑐1 = 200 + 75 + 2 ∗ 15 = 315 𝑚𝑚.           (1.6) 



8 

Preliminary calculated value stator inductor tooth height 

ℎ𝑧1 =
𝜏

2
=

75

2
= 37,5 𝑚𝑚.         (1.7) 

Number of stator inductor slots 

𝑍1 = 𝑚1 ∗ 2𝑝 ∗ 𝑞 = 1 ∗ 2 ∗ 6 ∗ 5 = 60,       (1.8) 

where q = 5 is the number of grooves per pole. Recommended for pole area within 

τ = (0.05 - 0.1) m, then the number of grooves per pole (q = 3, 5, 7).   

Preliminary gearing of the stator inductor magnetic circuit 

𝑡1 =
𝐿1−𝑏з1

𝑍1
=

905,5−5,5

60
= 15 𝑚𝑚.             (1.9) 

Stator inductor tooth width  

𝑏з1 = 𝑡1 ∗
Вб

𝑘𝑐1∗𝐵𝑍1𝑚𝑎𝑥
= 15 ∗

0,56

0,95∗1,6
≈ 5 𝑚𝑚,       (1.10) 

where ВZ1max = 1,6 Тl at Z1 = 60 (according to annex 2). 

Slot width of the stator inductor magnetic circuit 

𝑏п1 = 𝑡1−𝑏з1 = 15 − 5 = 10 𝑚𝑚.         (1.11) 

Preliminary calculated value of the inner diameter of the stator winding 

coil 

𝐷𝑏𝑘1 = 𝐷В1 + 2ℎ𝑘 = 200 + 2 ∗ 2 = 204 𝑚𝑚,         (1.12) 

where hk = 2 mm – height of the wedge ring of the stator groove. 

The length of the stator magnetic circuit has been revised 

𝐿1
′ = 𝑡1 ∗ 𝑍1 + 𝑏з1 = 15 ∗ 60 + 5,5 = 905 mm,          (1.13) 

accept L1
' = 905 mm. 

Revised value of the pole distribution stator core length 

𝜏1
′ = 𝑡1 ∗ 𝑚1 ∗ 𝑞1 = 15 ∗ 1 ∗ 5 = 75mm.     (1.14) 

Refined value of the stator running magnetic field velocity 

𝜐1
′ = 2𝜏1

′ ∗ 𝑓 = 2 ∗ 75 ∗ 50 = 7,5 m/s.   (1.15) 

Height of the slot to be filled with winding  

ℎп1
′ = ℎ𝑧1 − ℎ𝑘1 = 37,5 − 2 = 35,5mm.    (1.16) 
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The outer diameter of the magnetic core of the runner (Fig. 1.4), taking 

into account the gap 

𝐷зм2 = 𝐷в1 − 2𝛿 = 200 − 2 ∗ 1,5 = 197 mm.       (1.17) 

The outer diameter of a permanent magnet (fig. 1.3) is determined by the 

expression 

𝐷м = 𝐷зм2 − 2𝛿 = 197 − 3 = 194 мм.                   (1.18) 

 Fig. 1.1 shows the design parameters of the ME-CLM stator magnetic 

circuit. 

Fig. 1.1 Schematic representation of a stator fragment 

1 - magnetic core of the stator inductor; 2 - stator groove; 3 - stator winding 

(W=420 turns); 4 - stator tooth; 5 - wedge (cylindrical); 

1.3 Calculation of design parameters and stator winding of ME-CLM. 

Winding type. The stator winding of ME-CLM is single-phase. 



10 

Fig. 1.2 Diagram of the stator coil winding of ME-CLM (2p = 12 number of 

poles; Z1=60 - the number of grooves; q = 5 number of grooves (coils) on the 

pole; W = 420 number of turns in the stator winding) 

The current density in the winding is assumed to be  j1 = 5,5 А/mm2 

(according to annex 1.3). 

Preliminary value of the rated phase current in the stator winding 

Іп1 =
Р𝑛∗103

𝑚1∗𝑈1∗𝜂∗𝑐𝑜𝑠𝜑
=

11∗103

1∗380∗0,66∗0,65
= 68,6 А.          (1.19) 

Number of effective conductors in the groove 

𝑁п1 =
10−3∗𝐴1

′ ∗103∗𝑡1∗𝑎1

І1𝑛
=

10−3∗32∗103∗15∗2

68,6
= 13,99;          (1.20) 

Assume N1 = 14 turns . 

Number of consecutive turns in the stator phase winding 

𝑊1 =
2𝑝𝑞𝑁п1

𝑎1
= 2 ∗ 6 ∗ 5 ∗

14

2
= 420 turns.  (1.21) 

Cross-section of an effective conductor in the stator winding 

𝑞1еф =
І1𝑛

𝑎1∗𝑗
=

68,6

2∗5
= 6,86 мм2,    (1.22) 

where j = 5 А/mm2 – current density (according to annex 1.3). 

According to (annex 1.4) we take a wire with a rectangular cross-section 

q1' = 7.137 mm2. Type of conductivity of the conductor. According to DSTU 

7013-70, provided that the width of the groove bp1 = 9.5 mm. select the conductor 

a) on the smaller side - ap1 = 2 mm; b) on the larger side - bp1 = 3.75 mm. 

Slot filling factor with insulated conductor 

𝑘зп =
∑ 𝑆п

𝑁
1

𝑆п1
=

𝑁п1∗𝑞1∗𝑎1

ℎп1
′ ∗𝑏п1

=
14∗7,137∗2

37,5∗9,5
= 0,56,   (1.23) 

wherе ∑ 𝑆п
𝑁
1  – groove area, mm2. 

Sп1 = hn1 × bп1 – groove area, mm2. 

Revised value of current density in the stator winding 

𝑗1
′ =

𝐼1𝐻

𝑎1∗𝑞1
′ =

68,6

2∗7,137
= 4,81 А/mm2.      (1.24) 
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Revised value of electromagnetic load 

𝐴1
′ =

І1𝑛∗𝑁п1∗𝑍1

𝐿1
′ ∗𝑎1∗10−3

=
68,6∗14∗60

905∗2∗10−3
= 31,836 ∗ 10−3 𝐴/м.       (1.25) 

 

 

Preliminary value of the main magnetic flux 

Ф =
𝑘𝑒∗𝑈𝑖𝑛

𝑘𝑚∗𝑓1∗𝑤1𝑘об1
=

0,96∗380

1,11∗50∗420∗0,95
= 0,01647 𝑉𝑏,  (1.26) 

where kм = 1,11 – stator magnetic field shape factor . 

Preliminary value of electromagnetic induction 

𝐵б
′ =

2𝑝Ф

𝛼∗𝜋∗𝐷в1∗𝐿1
′ ∗10−6

=
2∗6∗0,01647

0,64∗3,14∗0,2∗0,905
= 0,544 Тl.   (1.27) 

Choose a NiFeBr magnet with an axial magnetisation vector of cylindrical 

shape (Fig. 1.3) 

Fig. 1.3 Schematic representation of the ME-KLD runner magnet (armature) 

 Height of the permanent magnet 

ℎ𝑧2 = 0,64 ∗ 𝜏′ ∗
Впм

𝐵𝑧2
= 0,5 ∗ 75 ∗

1,2

1,9
= 30 𝑚𝑚,    (1.28) 

where Bпм = 1,2 Тl is the residual induction of an NiFeBr permanent magnet of 

grade N40; Bz2 = 1,9 Тл induction of the magnetic field concentrator (pole) of the 

runner (according to annex 1.2). 
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The outer diameter of the permanent magnet. 

𝑏пм = 𝜏′ − 0,5𝑏з1 = 75 − 0,5 ∗ 5 = 72,5 𝑚𝑚.   (1.29) 

The width of the extreme poles of the armature magnetic flux 

concentrators (CMP). 

𝑏з2 =
𝜏′

2
=

75

2
= 37,5 𝑚𝑚.         (1.30) 

The width of the inner pole of the CMP. 

𝑏з3 = 𝜏′ − 0,5𝑏з1 = 75 − 0,5 ∗ 5 = 72,5 𝑚𝑚.  (1.31) 

Then the pole distribution of the runner (armature) 

𝜏𝑎 = 0,5 ∗ (𝑏пм + 𝑏з3) = 0,5 ∗ (72,5 + 72,5) = 72,5mm.           (1.32) 

Height of the back of the magnetic core of the runner (armature) 

ℎ𝑐2 =
𝛼𝜏𝐵б

′

𝐵𝑐2
= 0,64 ∗ 72,5 ∗

0,544

0,85
≈ 30 𝑚𝑚,           (1.33) 

where Вс2 = 0,85 – magnetic induction of the back of the runner (armature) Tl. 

 Armature diameter 

𝐷в = 𝐷зм2 − 2(ℎ𝑧2 + ℎ𝑐2) = 197 − 2 ∗ (30 + 30) = 77 𝑚𝑚.    (1.34) 

Length of the armature 

𝐿2
′ = 𝐿1

′ ∗ 1,4 = 905 ∗ 1,4 = 1267 𝑚𝑚,   (1.35) 

where Кмк = (1,3 – 1,6) installation and design safety factor of the runner length 

Fig. 1.4 Model of a magnetic-electric coaxial-linear motor. 
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1 – Stator magnetic circuit ME-CLM; 2 – stator winding; 3 – Runner axis (ME-

CLM armature); 4 - pole (magnetic field concentrators) stator of the ME-CLM;  

5 – permanent magnets 

 

Traction characteristics of the ME-CLM 

To calculate the maximum traction value F = f(X) (fig. 1.5) ME-CLM 

let's use the expression (2): 

𝐹 = −0,12 ∗ 𝑋2 ∗ 𝐼 + 0,4 ∗ 𝑋 ∗ 𝐼 + 19,5 ∗ 𝐼,                   (1.36) 

 where I=68.7 - rated current, A; Х - displacement of the runner with a step of 1 

mm, within the range (from 0÷7) with mirror image. 

Figure 1.5 Traction characteristic of ME-CLM (P = 11 kW) 

 

The static load Fst is determined by the expression: 

Fst = kst Fa(max) ,                                           (1.37) 

where kst = (0,7 – 0,8 ) – static load factor; Fa(max) = 1337 N - the maximum forced 

traction force developed by the ME-CLM.  

The value of the static load coefficient is selected depending on the value 

of the mass of the moving part of the motor and its amplitude determined by the 

technological processes, for example: compaction of concrete mix, pile driving, 

soil compaction, movement of bulk materials, etc.  
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Analysing existing vibration systems used for compaction of concrete 

mix in the manufacture of, for example, floor panels, the mass of the static load 

for these devices is determined by the formula: 

In this case, the static mass (mass of the runner with a load) is equal to 

ma = Fst/g = 1013/9,81 = 103 kg,                               (1.38)    

where Fst = 0,75×1337 = 1013 – static load, N. 

Then the amplitude of the runner's oscillation (see Fig. 1.5) with a mass 

of m = 103 kg moves within X = 14 mm. 

 

2. MODELLING OF FREQUENCY CHARACTERISTICS OF AN 

ELECTROMECHANICAL VIBRATION SYSTEM 

2.1 Modelling of frequency characteristics of ME-CLM. 

The necessity of constructing the amplitude-frequency X = f(f) and the 

frequency characteristics of the forcing forces F = f(f) of the ME-CLM is 

determined by the technological task, for example, the quality of the product 

(panel) when compacting the concrete mix.   

 The mathematical model of the vibrating electromechanical system (Fig. 

2.1) is shown as an equivalent diagram of a vibrating platform for compacting a 

concrete mixture; the working body is driven by a coaxial-linear magnetoelectric 

motor (ME-CLM-VP). 

Fig. 2.1 Equivalent kinematic model of a vibrating platform with a 

magnetoelectric linear drive of the working body 
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The differential equation of forced oscillations for the ME-CLM vibration 

system is as follows: 

𝑚
𝑑2𝑥

𝑑𝑡2
+ 𝑐

𝑑𝑥

𝑑𝑡
+ 𝑘𝑥 = 𝐹𝑎(𝑚𝑎𝑥) 𝑐𝑜𝑠 𝜔 𝑡 + 𝐹𝑠𝑡,                     (2.1) 

where in Fig. 2.1 and in expression (2.1) show the structural components 

and electromechanical parameters of the ME-CLM-VP: мп - motor stator 

magnetic circuit; OС - stator winding; NS - permanent magnets; m1 - mass of the 

moving part of the vibrator (armature), kg; m2 - mass of the vibrating platform, 

kg; md2x/dt2 - force applied to the centre of gravity of the moving part of the 

vibrator (runner), N; cdx/dt - viscous friction force, N; Fa(max) - the maximum value 

of the amplitude of the forcing force; kx - is the tension force developed by the 

compressed spring, N; Fst - the static load; c = 2πf0m/Q - the coefficient of viscous 

friction; f0 is the resonant frequency, Hz; X - the displacement of the spring 

(armature), m; k - the spring stiffness coefficient, N/mm; t - time, sec. 

When solving a differential equation, it is necessary to represent expression 

(2.1) as an equation: 

𝑑2𝑥

𝑑𝑡2
+

𝑐

𝑚

𝑑𝑥

𝑑𝑡
+

𝑘𝑥

𝑚
=

𝐹𝑎(𝑚𝑎𝑥)

𝑚
𝑐𝑜𝑠 𝜔 𝑡 ±

𝐹𝑠𝑡

𝑚
,                      (2.2) 

Analysing the operation 2.2 with the damping factor taken into account 

ℎ = 𝑐/2𝑚 and the natural corner frequency mk /0   the equation has the form: 

    
𝑑2𝑥

𝑑𝑡2
+ 2ℎ

𝑑𝑥

𝑑𝑡
+ 𝜔0

2𝑥 =
𝐹𝑎(𝑚𝑎𝑥)

𝑚
𝑐𝑜𝑠 𝜔 𝑡 ±

𝐹𝑠𝑡

𝑚
.                     (2.3) 

Then integrate the equation at the initial conditions: ;0xx   

dtdxdtdx // 0 , and also at 0h  will be have look: 

𝑥 = 𝑒−ℎ𝑡(𝑥0 𝑐𝑜𝑠 𝜔1 𝑡 +
𝑥0ℎ+𝑥0

𝜔1
𝑠𝑖𝑛 𝜔1 𝑡) −

𝐹𝑎(𝑚𝑎𝑥)𝑒−ℎ𝑡

𝑚[(𝜔0
2−𝜔2)2+4ℎ

2 𝜔2]

∗ [(𝜔0
2 − 𝜔2) 𝑐𝑜𝑠 𝜔1 𝑡 +

ℎ

𝜔1
(𝜔0

2 + 𝜔2) 𝑠𝑖𝑛 𝜔1 𝑡] + 𝑥𝑎 𝑐𝑜𝑠( 𝜔𝑡 − 𝜙),
   (2.4) 

where: 𝜔1 = √𝜔0
2 − ℎ

2
- precritical resonant frequency,   - is the phase delay of 

the runner's movement relative to the driving force. 

Solving equation (2.1 – 2.4), the expression of the amplitude-frequency 

response is obtained: 

𝑥𝑎 =
𝐹𝑎(𝑚𝑎𝑥)

𝑚√(𝜔2
0−𝜔2)2+4ℎ

2𝜔2

,                                      (2.5) 
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where: fi - pre-resonant frequency; ℎ =
𝑐

2𝑚
=

𝐹𝑚𝑎𝑥

2𝑚∗𝑋𝜔0
 – damping 

coefficient, с-1; ω0 = √𝑘/𝑚 – where k = 1791410, 443 N/mm2 ; m1 = 103 kg, (see 

exp. 1.38).  

When calculating the amplitude-frequency response X = f (f) of the ME-

CLM vibration system proposed in this paper, we use expression (2.6) instead of 

(2.5). 

𝑋𝑎 =
𝐹𝑚𝑎𝑥

𝑚√((𝜔0)2−(2𝜋𝑓𝑖)2)2+4ℎ2(2𝜋𝑓𝑖)2
   ,                       (2.6) 

where: де: ω0 = √𝑘/𝑚  = √1791410,443/103 = 131,88 - the natural angular 

frequency of the vibrator, с-1 ; ωi = 2πfi = 2*3.14*fi is the pre- and post-resonance 

angular frequency, s-1; when modelling the amplitude-frequency response using 

expression (2.6), it is calculated within the frequency range fi = (0-40 Hz) with a 

step of 1 Hz;the damping coefficient h is used from expression (2.6), when the 

natural resonant frequency ω0 is equal to the frequency ω at the maximum value 

of the amplitude of the forcing force Fa(max) and the static load Fst, then 

   ℎ =
𝐹𝑚𝑎𝑥

2𝑚∗𝑋𝜔0
=  

𝐹𝑎(𝑚𝑎𝑥)+𝐹ст

2𝑚∗𝑋𝜔0
=

1337+1013

2∗103∗0,014∗2∗3,14∗21
= 6,17 𝑠−1,        (2.7) 

where Fa(max) = 1337 - the maximum value of the motor's driving force , the 

movement of the runner (1.36), Fst = 1013 - static load (1.37), N(look Fig. 1.5); 

Хм = 0.014 m - the amplitude value of the armature displacement at a mass of m1 

= 103 kg (Fig. 1.5). 

The calculated parameters of the amplitude-frequency response X = f (f) 

(Fig. 2.2) of the ME-CLM vibration system are listed in Table 2.1. 

Table 2.1 Parameters of the amplitude-frequency response X = f (f) 

f, Hz 0 1 2 3 4 5 6 7 

Х, m 0,00131 0,00131 0,00132 0,00134 0,00136 0,00139 0,00143 0,00147 

f, Hz 8 9 10 11 12 13 14 15 

Х, m 0,00153 0,00161 0,00169 0,0018 0,00194 0,00212 0,00235 0,00265 

f, Hz 16 17 18 19 20 21 22 23 

Х, m 0,00308 0,00372 0,00473 0,00655 0,01019 0,01402 0,00949 0,00585 

f, Hz 24 25 26 27 28 29 30 31 

Х, m 0,00405 0,00304 0,00241 0,00198 0,00167 0,00143 0,00125 0,0011 

f, Hz 32 33 34 35 36 37 38 39 

Х, m 0,00099 0,00089 0,00081 0,00074 0,00067 0,00062 0,00058 0,00053 
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Fig. 2.2 Amplitude-frequency response of X = f(f) of ME-CLM 

 

Analysing the characteristic curve X = f(f) (see Fig. 2.2) shown in the 

amplitude-frequency response section (a÷b), it characterises the stability of the 

vibration system. Outside of this section, the system is unstable, so it is 

recommended to use the operation of this vibration system within the frequency 

range (20.1 - 21 Hz),where smoothing height Xl skip of the contour Δf is 

determined by the formula Хl = Хmax/√2 , m. 

To calculate the actual value of the parameters of the inertial-force 

frequency response of the ME-CLM vibration system F=f(f) (Fig. 2.3), the 

following expression is used:  

                                                        2 xmF ,                                   (2.8) 

where: m1 = 103 - mass of the runner, kg; - angular frequency = 2πf, s-1; Х - 

movement of the runner in the range from 0 to 0.014 mm; f - set frequency of the 

network, Hz (in the range from 0 to 40 Hz with a step of 1 Hz). 
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The calculated actual values of the parameter of the inertial-force frequency 

response F = f (f) of the ME-CLM vibration system are given in table 2.2.  

Table 2.2 Parameters of the inertial-force frequency response 

f, Hz 0 1 2 3 4 5 6 7 

F, N 0 5,34 21,5 47,95 88,45 141,18 208,8 293,56 

f, Hz 8 9 10 11 12 13 14 15 

F, N 398,59 528,11 688 886,5 1135,8 1453,71 1868,3 2425,4 

f, Hz 16 17 18 19 20 21 22 23 

F, N 3205,9 4363,9 6229,3 9609,5 16551,3 25114,9 18654 12556,4 

f, Hz 24 25 26 27 28 29 30 31 

F, N 9465,7 7712,2 6605,7 5850 5303,6 4891,5 4570,3 4313,5 

f, Hz 32 33 34 35 36 37 38 39 

F, N 4103,8 3929,7 3783 3657,8 3550 3456,2 3373,9 3301,3 

 

 

Fig. 2.3 Frequency response of the electromechanical vibration system 

ME-CLM:  

Analysing the characteristic curve F = f(f) (see Fig. 2.3) shown in the 

frequency response section (a÷b), it characterises the stability of the vibration 

system. Outside of this section, the system is unstable, so it is recommended to 

use the operation of this vibration system within the frequency range (20.05 - 21 

Hz). 

2.2 Modelling of frequency characteristics of ME-CLM-VP. 

To determine the amplitude of oscillations of the vibration system ME-

СLM-VP weighing 3103 kg, provided that the natural frequencies of the vibration 
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systems ME-CLM and ME-CLM-VP coincide, the amplitude value of the 

electromechanical vibration system (ME-CLM-VP) weighing 3103 kg is 

calculated by the expression: 

𝑋𝑣𝑝 =
Fvd

mvpω0
2 =

25114

3103∗17392
≈ 0,00046 м = 0,46 мм ,         (2.10) 

where Fvd = 25114 is the actual value developed by the ME-CLM motor at the 

maximum oscillation amplitude, N (see Fig. 2.3). 

The damping coefficient for this vibration system ME-CLM-VP is 

determined by the formula: 

ℎвп =  
Fa(max)+Fst

2mvp∗Хvpω0
=

2350

2∗3103∗0,00046∗131,88
= 6,2 с−1,             (2.11) 

where: mvp = 3103 - mass of the vibrating platform, kg; Хvp = 0.00046 - 

amplitude value of the ME-CLM-VP vibration system, m. 

The parameters of the frequency response Хvp = f(f) were calculated using 

formula (2.12) within the frequency range f0 = (0 - 40) Hz with a step of 1 Hz: 

𝑥вп =
𝐹𝑎(𝑚𝑎𝑥)

𝑚вп√(𝜔2
0−𝜔2)2+4ℎвп

2 𝜔2

,                               (2.12) 

where hvp = 6.2 is the damping coefficient, s-1 (2.11). 

The calculated parameters of the amplitude-frequency response X = f (f) 

(Fig. 2.4) of the ME-CLM-VP vibration system are listed in Table 2.3.  

Table 2.3 Parameters of the amplitude-frequency response of the ME-CLM-VP 

f, Гц 0 1 2 3 4 5 

Х, м 0,0000435 0,0000436 0,0000439 0,0000445 0,0000451 0,0000461 

f, Гц 6 7 8 9 10 11 

Х, м 0,0000473 0,0000489 0,0000508 0,0000532 0,0000562 0,0000598 

f, Гц 12 13 14 15 16 17 

Х, м 0,0000644 0,0000702 0,0000778 0,000088 0,0001023 0,000123 

f, Гц 18 19 20 21 22 23 

Х, м 0,000157 0,000217 0,000337 0,000463 0,000314 0,000193 

f, Гц 24 25 26 27 28 29 

Х, м 0,000134 0,0001 0,0000798 0,0000655 0,0000552 0,0000475 

f, Гц 30 31 32 33 34 35 

Х, м 0,0000414 0,0000366 0,0000327 0,0000294 0,0000267 0,0000244 

f, Гц 36 37 38 39 40 41 

Х, м 0,0000223 0,0000206 0,000019 0,0000177 0,0000165 0,0000154 
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Fig. 2.4 Amplitude-frequency response of the vibration system ME-CLM-VP 

It is recommended that the operation of the ME-CLM-VP vibration system, 

in the dynamic mode, be performed within the limits (a÷b) of the amplitude-

frequency response, frequencies f = (19.99 - 20.99) Hz.  

 

 

Conclusion. 

The analysis has shown that the results of modelling and calculation of 

traction and frequency characteristics in the dynamic mode of operation of the 

vibration system based on a magnetoelectric coaxial-linear motor, at resonance f0 

= 21 Hz and at the maximum value of the vibration amplitude of the vibration 

platform X = 0.46 mm, the actual value of the inertial force developed by the ME-

CLM with a power of P = 11 kW is Fdi = 25114 N. Thus, the use of the ME-CLM-

VP system allows for the technological process of compacting concrete mix for 

floor panels and other concrete products with minimal energy consumption and 

reliability compared to other types of vibration systems. 

Schematic diagram of connection of ME-СLМ-CCM with a 

frequency converter 
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In the experimental study of the amplitude-frequency characteristics of the 

ME-KLD-VP vibration system, it is proposed to use a frequency converter of two-

phase systems. 

Fig. 2.5 shows the block diagram of the frequency converter inclusion in 

the ME-CLM-VP system. 

Fig. 2.5 Principle wiring diagram of ME-CLM-VP. 

For example, for this vibration system ME-CLM-VP, it is proposed to use 

a Delta Electronics frequency converter (Table 2.1).  

 

Table 2.1. Technical characteristics of the Delta Electronics frequency 

converter. 

Power 22 kW 

Number of phases/input voltage 3-p/380 (three-phase 380V) 

Number of phases/output voltage 3-p/380 V 

Mmax (1 min) % 110-130 

Rated current 90.00 А 

Maximum output frequency 400 Hz 

Degree of IP protection 20 

Built-in regulator PID 

Number/type of analogue inputs 3(1: 0-10V; 2: 0-10V or 0(4)-20mA) 

Number of discrete inputs 2 

Number of relay outputs 3 

Nominal resistance 5 kOhm 

ModBus TCP/IP protocol CMC-MOD01 

CANopen protocol CMC-MOP01 

PROFIBUS DP protocol CMC-PD01 

Ethernet IP protocol CMC-EIP01 
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The power part of the converter consists of an output rectifier, a DC link, 

an inverter and a control system. The input rectifier is made according to the 

Larionov circuit. The rectifier is connected to the DC link, which consists of 

thermistors Rt1 and Rt2 and large-capacity electrolytic capacitors C1 and C2. 

Thermistors with a negative temperature coefficient are used to limit the charging 

current when the converter is switched on. When cold, thermistors have a high 

resistance. After the inverter is switched on, the current flowing through the 

thermistors heats them up, which causes them to sharply reduce their resistance. 

In this way, the thermistors limit the charging current of the capacitors, and in the 

process of operation they have virtually no effect on the voltage of the capacitors. 

Capacitors C1 and C2 smooth the DC link voltage, filter the current 

consumed from the mains, provide reactive energy return to the motor when the 

inverter is switched on and during transients, and provide energy return during 

frequency braking of the CLM. Resistors R2 and R3, connected in parallel to each 

capacitor, charge them. 

The output of the DC link is connected to a left-phase voltage inverter, 

which consists of two half bridges on transistors VT2-VT5 and a brake switch on 

transistor VT1 with a reverse diode VD1. If necessary, a braking resistor is 

connected to the brake key, which will dissipate energy in the frequency braking 

mode of the motor. Reverse diodes VD2-VD5 are used to transfer energy from 

the motor to the power supply. These diodes conduct whenever the direction of 

current is opposite to the direction of the inverter input voltage. Thus, the voltage 

inverter allows for the bidirectional flow of both energy and current. 

 

CONCLUSIONS 

The structural and electromechanical traction characteristics of the working 

body based on the ME-CLМ of the electromechanical vibration system obtained 

as a result of the calculation allow this method of calculating the structural and 

electromechanical characteristics of the ME-CLМ to be used in the development 

of the drive of various working bodies of electromechanical vibration systems. 

For example, compaction of concrete mix in the forming of reinforced concrete 

products; devices for pile driving, destruction of oversized material, immersion of 

metal pipe, soil compaction, devices for underground utilities, movement of 

various bulk materials, etc. 
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