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1. Introduction

The rotor moment of inertia is one of the fundamental 
characteristics of electrical machines in general and asyn-
chronous generators in particular, as it determines their 
dynamic parameters. In technical specifications and refer-
ence materials, the value of this parameter is often given 
with a large error, which can reach more than 10% [1]. At the 
same time, when designing renewable energy systems with 
asynchronous generators, there is a need for a more accurate 
determination of the rotor moment of inertia  JОВ. It is also 

worth noting that this parameter significantly affects the 
speed and thermal operation of the machine [2].

There are two main approaches to determining JОВ: compu-
tational and experimental. Computational procedures, as a rule, 
are complex and not always accurate due to the complex geo-
metric configuration of the rotor and the heterogeneity of its ma-
terial. In view of this, preference is mostly given to experimental 
methods, which provide higher reliability of the results [3].

Thus, devising express methods and means for the op-
erational measurement of the moment of inertia of rotors of 
induction motors (IMs) is a relevant scientific and applied task 
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The object of this study is the electromechani-
cal transient process in low-power asynchronous 
generators, suitable for operation in conjunc-
tion with renewable energy sources, when apply-
ing and removing the supply voltage, as well as 
the influence of the rotor moment of inertia of a 
low-power asynchronous generator on the dura-
tion of the specified transient process. The study 
addresses the task of reducing the complexity 
and duration of the pre-operational testing of the 
specified equipment.

A new automated method for measuring the 
rotor moment of inertia has been proposed, which 
is based on the excitation of the generator under 
the motor mode of operation by the rated frequen-
cy voltage under the conditions of mechanical 
braking of the rotor. The specified measurement 
method is characterized by reasonable accuracy, 
high speed, and is suitable for use under both pro-
duction and laboratory conditions.

Within the framework of the study, a struc-
tural diagram of a technical means that imple-
ments the proposed method in practice has bene 
designed; a corresponding mathematical model of 
the electromechanical system “induction motor – 
measuring converter” was derived.

A detailed metrological analysis revealed that 
the methodological error of the proposed method 
does not exceed 8%, which is acceptable for most 
applied tasks. A linear relationship between the 
parameters of the transient process and the char-
acteristics of the electromechanical system was 
also established, which significantly simplifies the 
calibration of the device and increases the accura-
cy and repeatability of the measurement results. 

The research results confirm the high efficien-
cy and practical feasibility of using the proposed 
approach in the field of technical control, main-
tenance and modernization of electric drive sys-
tems. The method could be adapted for a wide 
range of models of induction motors, as well as 
integrated into automated equipment condition 
monitoring systems
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that has significant practical importance in the field of electric 
drive and automation.

2. Literature review and problem statement 

As shown in [4], the rotor moment of inertia is one of the 
key characteristics that largely determines the parameters 
of the control system of an induction motor. Its value, with 
the same settings of the regulators, largely affects the speed 
and magnitude of the overshoot of the control object. At the 
same time, in [5] it is shown that the rotor moment of inertia 
of IM is a complex function of a significant number of factors 
that affect its resulting value and must be taken into account 
when implementing indirect measurement methods. This 
causes a significant complexity of the analytical calculation 
of the rotor moment of inertia and significantly limits the 
possibility of using such an approach under real production 
conditions. In confirmation of this circumstance, in [6], a 
comprehensive analysis of the analytical and experimental 
calculation of the rotor moment of inertia of an asynchronous 
motor with a squirrel-cage rotor is described. The authors 
present the analytical calculation and the simplified pro-
posed analytical approach as an alternative to the direct ex-
perimental determination of the moment of inertia. However, 
taking into account the simplifications adopted in deriving 
the mathematical model, the application of the proposed 
method is subject to significant limitations both in terms of 
the type of electrical machines to which it can be applied and 
in terms of the accuracy of the results.

An interesting method for measuring the moment of 
inertia of the rotor, from the point of view of practical 
implementation, is proposed in [7], in which the moment 
of inertia is proposed to be measured simultaneously with 
the braking torque of the engine. However, it is worth 
noting that this approach involves a rather laborious 
procedure for individual calculation of the optimal val-
ues of the moments of inertia of the load, which must be 
mechanically connected to the engine under study. And, 
therefore, the implementation of a universal automated 
means of measuring the moment of inertia based on it has 
significant limitations.

A similar approach to solving the problem is proposed 
in [8], in which the determination of the moment of inertia 
is combined with the determination of the engine efficien-
cy. However, since the practical implementation of such an 
approach is associated with the same problem of the need to 
individually determine the required additional inertial mass, 
the possibility of its wide practical application is associated 
with the same limitations.

It is also worth noting that the existing problem of mea-
surement uncertainty was studied in detail in [9], in which 
the complexity of ensuring the measurement of the rotor 
moment of inertia of low-power electric machines by indirect 
measurement methods with an accuracy of more than 10% 
was theoretically substantiated.

Therefore, taking into account the above, it can be stated 
that the existing approaches do not offer high-speed measur-
ing means that would be characterized by low cost, ease of 
operation, and high operational reliability at an acceptable 
level of measurement accuracy.

There are also three direct methods for experimentally 
determining the moment of inertia, each of which has its own 
field of application [10]:

– self-braking method is used for machines with a power 
of more than 100 kW;

– auxiliary pendulum method is used for electric ma-
chines with a power of 10 kW to 1000 kW;

– torsional oscillation method – for engines with a power 
of less than 10 kW.

The main disadvantage of the considered direct meth-
ods for measuring the rotor moment of inertia is the need 
to dismantle individual structural elements of the electric 
machine, which fundamentally does not make it possible 
to automate the process of determining the desired pa-
rameter. 

Based on our review, it can be concluded that there is 
no method for measuring the rotor moment of inertia in 
low-power induction motors suitable for solving the task of 
automated measurement of the rotor moment of inertia under 
real production conditions.

3. The aim and objectives of the study

The purpose of our research is to devise an automated 
method and means of experimental measurement of the 
rotor moment of inertia in low-power induction motors. 
This will make it possible to reduce the time and laborious-
ness of the pre-operational testing of the specified type of 
equipment.

To achieve the goal, the following tasks were set:
– to devise the concept of an automated method and the 

structure of a means for measuring the rotor moment of iner-
tia in low-power induction motors;

– to build a mathematical model of a means for measur-
ing the rotor moment of inertia in an electric machine;

– to investigate the metrological characteristics of the pro-
posed method and means for measuring the rotor moment of 
inertia in low-power induction motors.

4. The study materials and methods

The object of the study is the electromechanical transient 
process in a low-power induction motor when applying and 
removing the supply voltage, as well as the influence of the 
moment of inertia of the IM rotor on its duration.

The principal hypothesis underlying this study assumes 
the presence of a unique functional dependence of the dura-
tion of the electromechanical transient process in an induc-
tion motor on the moment of inertia of its rotor.

When deriving the mathematical model of the object of 
our study, simplifications were adopted that assume instanta-
neous switching when applying and disconnecting the supply 
voltage of the stator circuit and the constancy of the stiffness 
value of the force sensor during its deformation.

During the study, theoretical modeling of electromechan-
ical processes in an induction motor was applied in conjunc-
tion with a measuring transducer. To build the mathematical 
model, methods of classical electromechanics and the theory 
of transient processes were used. The model was imple-
mented as a system of differential equations that describes 
the dynamics of currents in the stator and the mechanical 
motion of the rotor under the action of electromagnetic and 
mechanical moments. 

Mathematical modeling and processing of the results 
were performed using the Mathcad environment.
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5. Devising a method and means for measuring the 
moment of inertia of the rotor and the results of 

metrological research

5. 1. Devising the concept of the method and design-
ing the structure of the measuring instrument

Considering the stated limitations in the application of 
the measurement methods described above, our attention 
focused on the method of torsional vibrations since it is the 
most suitable for use in conjunction with the se-
lected object of study. The essence of the method 
of torsional vibrations is that the motor rotor is 
suspended in a vertical position on a tension and 
is driven into a torsional oscillatory motion. In 
this case, the period of small torsional vibrations 
is determined, which is then compared with the 
period of oscillations of a model body, the moment 
of inertia of which is known [11]

2

,x
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M

T
J J

T
 

= ⋅  
 

	 (1)

where JM – the moment of inertia of the model 
body;

TM – period of oscillation of the model body;
Tx – period of oscillation of the rotor, the mo-

ment of inertia of which is being determined.
If the rotor is mounted on a prism and oscillates like a 

physical pendulum, then the moment of inertia of the rotor 
can be found from the period of oscillation Т of the pendulum

2

2 ,
4OB
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π

= 	 (2)

where G is the weight of the rotor;
a is the distance between the center of gravity and the 

axis of rotation.
The proposed express method for measuring the mo-

ment of inertia of the IM rotor is as follows. The measure-
ment is carried out under the IM motor mode with a me-
chanically braked rotor (short-circuit mode). In this case, 
the stator windings are powered by a symmetrical voltage 
of rated frequency, and the rotor is rigidly connected 
to the measuring lever, which interacts with the force 
sensor. The essence of the method is that at the moment 
of connecting the supply voltage, the following torque is 
induced on the rotor of the research object [12], which 
acts on the force sensor (FS) through the measuring lever
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where p is the number of pairs of poles in IM;
m is the number of phases of the stator circuit;
f is the frequency of the supply voltage;
R1, R2 is the active resistance of the stator and rotor;
X1, X2 is the reactive resistance of the stator and rotor;
U is the effective value of the stator supply voltage;
s is the slip.
Since FS is an elastic element, this causes a transient 

process, the duration of which is equal to τ1. After the end of 
the transient process (t = τ1), the electric machine is de-en-
ergized (U = 0) and the torque at the output of the converter, 
due to the inertial properties of FS, decreases from value Мk 

to zero over the time interval τ0. Since the IM rotor will then 
perform free damped oscillations, the duration of which is 
determined by the value of the rotor moment of inertia JОВ 
and stiffness C of the sensor, then, having measured the 
values of Мk and τ0, and also knowing the value of C, it is 
possible to perform an analytical calculation of the value of 
the rotor moment of inertia.

The block diagram of the measuring device that imple-
ments the method described above is shown in Fig. 1.

The basic elements of the represented generalized struc-
tural diagram (Fig. 1) are an induction motor, a coupling, a 
moving part of the measuring transducer, and a force sensor.

5. 2. Construction of a mathematical model of a 
means for measuring the moment of inertia of the ro-
tor in an electric machine

To build a generalized mathematical model of an induction 
motor, the model of a generalized electric machine [13] was 
chosen as the initial one, for which the following are valid:

– voltage equations

– electromagnetic moment equation

( );em s r s rM M i i i i= ⋅ −β α α β 	 (5)

– equation of motion

.r
o em

d
J M M

dt
⋅ ± =
ω

	 (6)

Therefore, the system of equations for electromechanical 
energy conversion of an induction motor consists of four 
Kirchhoff equations (4), as well as equations (5), (6).

The next step was to obtain the transformation function 
of the moving part of the measuring device. The structural 
diagram of the measuring instrument is shown in Fig. 1. 
In this measuring instrument (MI), the following sequence 

Fig. 1. Generalized structural diagram of a means for measuring the 
moment of inertia of the rotor in an electric machine
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of measuring transformations is performed. The starting 
torque from the output shaft of IM through the coupling and 
the measuring lever with a length l acts on the force sensor.

Using the principles of the theory of electromechanical 
measuring transformation [14], a differential equation was 
derived that describes the process of motion of the moving 
part of the proposed measuring instrument. During the 
rotation of a solid body (the moving part of MI) around its 
axis, the product of the moment of inertia and the angular 
acceleration is equal to the sum of the moments of forces 
acting on the body relative to the same axis, i.e.

( )2

2
1

,
n

i
i

d t
J M

dt =

⋅ =∑
ϕ

	 (7) 

where J is the moment of inertia of the moving part of the 
transducer;

φ is the angle of rotation of the moving part of the trans-
ducer;

M is the moments acting on the moving part of the 
transducer.

The following moments act on the moving part of the 
measuring instrument during its movement:

1. The torque, which is generally M(t), which is caused by 
the action of the input quantity [Mp = f(α), Mk = f(Uk), Jr, ME].

2. The counter-torque, which is caused by the elastic 
properties of the force sensor

( ),•pM C t= − ⋅ϕ 	 (8)

where C is the stiffness of the force sensor.
3. The moment of stabilization, which is equal to the 

product of the stabilization coefficient η and the angular 
velocity of rotation

( )
.‚

d t
M

dt
= − ⋅

ϕ
η 	 (9)

When substituting the values of the obtained moments 
in (7), the following was obtained

( ) ( ) ( ) ( )
2

2 .
d t d t

J C t M t
dtdt
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ϕ ϕ

η ϕ 	 (10)

Converting (10) to the commonly used form, we have

( ) ( ) ( ) ( )2
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ε ω ω ϕ 		  (11)

where C J=ω  is the natural frequency of free (undamped) 
oscillations of the converter;

( )2 JC= ⋅ε η  – degree of damping of free oscillations.
Having carried out transformation (11), we obtain

( ) ( ) ( )
2

2
2 .

d t d t
J C t K U A

dtdt
⋅ + ⋅ + ⋅ = ⋅ +
ϕ ϕ

η ϕ 	 (12)

After converting (12) to the commonly used form, we 
shall have

( ) ( ) ( ) ( )
2

2 2
2

12 ,
d t d t

t KU A
dt Jdt

+ ⋅ ⋅ + = ⋅ +
ϕ ϕ

ε ω ω ϕ 	 (13)

where C J=ω  – natural frequency of free (undamped) 
oscillations of the converter;

( )2 JC= ⋅ε η  – degree of damping of free oscillations.

Expression (13) allows us to simulate the measuring 
transformation of the input quantity into the output quantity 
only for a constant torque (if Mk = const then U = const). 
Therefore, this model can be used to analyze measuring 
converters that operate under a semi-automated mode of 
operation and have a rather low speed (one measured value 
of the starting torque is obtained in approximately 10 s). 
Therefore, the task of building a mathematical model for 
automated measuring devices that must have a much higher 
speed (hundreds or more measured values of Mk during the 
time interval when the winding temperature changes from 
room to the calculated operating one) arises.

Taking this into account, the following mathematical 
model of the input signal for the converter was proposed

( )2
,kM K U k t A= + ⋅ + 	 (14)

where k = h/τ; h – quantization step of the supply voltage, 
which is formed using a variator;τ – duration of the transient 
process of the measuring converter.

Taking into account (14), equation (13) can be represented as
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Using the above results, a differential equation was de-
rived that describes the physical processes in the converter 
during power supply and de-energizing of the stator wind-
ings with a braked rotor

( ) ( ) ( )
2 1
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,0 ,
0, ,

psd t d t M t
J P C t

dt tdt

 ≤ ≤+ + = 
>

ϕ ϕ τ
ϕ

τ
	 (16)

where J = JОВ + JВВ – moments of inertia of the motor rotor 
and the measuring lever, respectively.

Having transformed (16) into the commonly used form, 
a linear inhomogeneous differential equation with constant 
coefficients was derived

( ) ( ) ( )
1
*2

1
*

,0 ,
2

0, ,
t t

t t t
t t

 ≤ ≤′′ ′+ + = 
>

λ
ϕ εωϕ ω ϕ 	 (17)

where λ = Mk/J is the torque constant.
To find a partial solution to this equation, the following 

initial conditions were adopted, corresponding to the operat-
ing mode of the machine

( ) ( )0 0 0.′= =ϕ ϕ 	 (18)

The differential equation was solved in the operator form. 
For this purpose, the right-hand side of equation f(t) was rep-
resented by the Heaviside unitary function H(t), in which [15]

( ) 1, 0,
0, 0,

t
H t

t
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	 (19)
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then

( ) ( ) ( )1 .f t H t H t = ⋅ − − λ τ 	 (20)

Using the delay theorem [16], on the basis of (20), we 
obtained

( ) ( )11 1 .sf t L e
s

− − 
= ⋅ − 

 
τλ 	 (21)

Since the initial conditions are zero, then by accepting 
( ) ( )( )1 ,t L s−=ϕ Φ  we can derive the following operator equation
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from which it follows that
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To find the original φ(t), the decomposition theorem [17] 
was applied
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where B1, B2, B3 are the integration constants, which are 
found by the method of undetermined coefficients.

As a result, we obtain
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Using the table of images and the properties of Laplace 
transformations, in particular the theorem of delay [18], we 
obtained
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 	 (26)

The first equation in (26) allows us to determine the 
duration of the transient process in the converter with-
out taking into account the transient process that occurs 
in the object of study when the supply voltage is applied 
to the stator windings. Since the IM is under the “short 
circuit” mode, the duration tОВ of the transient process of 
the engine with a braked rotor can significantly exceed 
the duration τ1. Therefore, the first equation (26) was sup-
plemented with a system of differential equations of the 
engine under study

	 (27)

where Me(t) is the electromagnetic moment of the induc-
tion motor;

M0 – starting moment of the induction motor;
JОВ – moment of inertia of the motor rotor;
JВВ – moment of inertia of the measuring lever;
MD(t) – dynamic moment on the motor rotor shaft;
ρ – constant of the strain-resistive transducer;
Mс(t) – moment acting on the force sensor.
Next, the duration τ0 of the transient process that oc-

curs in the measuring transducer during de-energizing of 
the induction motor was found.

When expressing the function of the moment acting 
on the force sensor from system (27), the following was 
obtained:
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  (28)

where 0 1t ∑= −τ τ  is the duration of the transient process that 
occurs in the converter during the machine de-energizing.

Since the second component in equation (28) charac-
terizes the transient process in the converter during IM 
energizing, at time point 1t ∑>τ  it is an infinitely small value 
compared to the first component. Therefore, (28) was written 
in the form

( )

( )
( )
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2

2 0

2 0
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cos 1
.

sin 1
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e εωτ

λρ
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≅ ⋅ ×

  − +   × ⋅   
+ ⋅ −  
 −   

		  (29)

For simplification, the following substitutions have been 
introduced

2

1 sin ;

cos ,
1

a

a

 = ⋅

 = ⋅ −

γ
ε γ
ε

	 (30)

where a and γ are constants defined as

2

2

1 ;
1

1arctg .
1

a = −

 =
 −

ε

γ
ε

	 (31)

Taking into account the entered variables, expression (29) 
can be represented in the following form

( )0 2 0
2 sin 1 .ñM g e a− = ⋅ ⋅ ⋅ ⋅ − +  

εωτλρ ω ε τ γ
ω

	 (32)

Consequently, oscillations occur with a damping amplitude 

0

2 ,aA g e−⋅
= ⋅ ⋅ εωτλλ

ω
	 (33)

frequency 2
1 1= ⋅ −ω ω ε  and period 

2

2 .
1
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⋅ −

π

ω ε
Next, the time points at which the oscillation speed was 

zero were calculated
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Equating (34) to zero, we obtained

( )( )
2
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Then
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on the basis of which we obtained

2
.

1
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ω ε
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Amplitude values are found taking into account expres-
sion (37)
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The value of τ0 was found from the condition

( ) 21
2 sin .

k

c k
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−
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Number of periods of damping oscillations

2

2

1 sinln .aN g − ⋅
≥ ⋅ ⋅ ⋅ 

ε λ γρ
πε ω δ

	 (40)

Then the duration τ0 of the transient process that occurs in the 
converter during de-energizing of the object of study is equal to

0
22

1 1ln .
1

g KN  ⋅ ⋅
≥ ⋅ ≥ ⋅  ⋅ −

π λτ
εω δ ωω ε

	 (41)

Taking into account the notations taken in (17), equa-
tion (41) will take the final form

0 2 ln .k
gJ M

Ñ
ρτ

η δ
 ⋅

= ⋅ ⋅ ⋅ ⋅ 
	 (42)

Dependence (42) establishes a unique relationship between 
the moment of inertia of the IM rotor and the duration of tran-
sient process when removing voltage from the stator winding 
and takes into account the design parameters of the measuring 
device. Therefore, when designing a suitable measuring in-
strument, it can be used as its transformation equation.

5. 3. Studying the metrological characteristics of 
the proposed method and measuring device

The modeling results obtained based on the solution to 
the system of nonlinear equations (27) for the parameters of 
the induction motor model I4BI-03T-71 are shown in Fig. 2.

In this case, the dynamic error that occurs in the convert-
er can be calculated as follows [19]

( ) ( )
100%,c a

M
a

M t M
t

M
δ

−
= ⋅ 	 (43)

where Ma is the actual value of the moment.
The graphical representation is shown in Fig. 3.
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Modeling of dependence (29) and transformation equa-
tion (42), which describe the motion process of the measuring 
transducer of the moment of inertia, was carried out for IM 
model I4BI-03T-71 [20] and the measuring transducer with 
technical characteristics given in Table 1.

A graphical representation of the dependence of change 
in torque over time (Mc = f(t)) when the supply voltage is 
turned off is shown in Fig. 4.

Fig. 5 shows changes in torque over time at the convert-
er output during energizing (upper dependence Mc1 = f(t)) 

and after de-energizing the stator windings (lower depen-
dence Mc0 = f(t)).

To obtain a static characteristic of the means for measur-
ing the moment of inertia of the rotor, the following restric-
tions were introduced

( )0

const;
const;
const.

psM
f J

C

 =


= =
 =

τ δ 	 (44)

The general view of the static characteristic of the mea-
suring transducer is shown in Fig. 6.

Table 1

IM and measuring transducer parameters used for simulation

IM characteristics MI characteristics 
Designation Value Designation Value

R1, Ohm 8.1 C, N m
rad
⋅

3∙105

R2, Ohm 6.3 η, N m s
rad
⋅ ⋅

30

X1, Ohm 204.83 δ, N 10-4

X2, Ohm 368.69 λ, N 712.8

J, N m2 0.0078
1 ,∑τ  s 0.5

Fig. 2. The form of the transient process at the converter 
output at the moment of switching on the control object: 
a – without taking into account the transient process of 

the induction motor; b – taking into account the transient 
process of the induction motor
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The influence of stiffness C, moment of inertia J, and 
error δ on the duration of the transient process τ0 was evalu-
ated. To evaluate this influence, surfaces were modeled that 
characterize the dependences τ0 = f(J, C) and τ0 = f(J, δ). The 
modeling results are shown in Fig. 7.

The studied metrological characteristics make it possible 
to fully assess the specificity and practical possibility of ap-
plying the proposed method and measuring instrument.

6. Discussion of results based on studying the 
automated method and means for experimental 

measurement of the moment of inertia

Analysis of the results shown in Fig. 2 reveals that the 
transient process in the measuring converter taking into 
account the induction motor is much longer in time and 
is 1 1.me∑ = +τ τ τ  Therefore, it is necessary to de-energize the 
control object at time 1 .∑τ

From the results shown in Fig. 3, it follows that the pro-
posed model (27) reproduces the physical processes of mea-
suring the rotor moment of inertia with high accuracy. After 
the completion of the transient process, the error does not 
exceed 8%, which is a completely acceptable result.

As can be seen from Fig. 4, after the power supply is 
turned off, the torque at the output of the converter performs 
free damped oscillations and changes from the value of Мk 
to zero over time τ0 (for IM of type I4BI-03T-71, τ0 = 0.15 s). 

The curves shown in Fig. 5 confirm the above as-
sumption that the forms of the torque dependences at 
the output of the measuring transducer for a real induc-
tion motor both when applying and removing the stator 
voltage have the character of a damped oscillation.

Fig. 6 demonstrates that the static characteristic of 
the means for measuring the moment of inertia J = f(τ0) 
is linear in the range of change of the informative pa-
rameter for low-power electric machines.

From the results of analysis of the dependences 
shown in Fig. 7, it is obvious that the surfaces that 
characterize the influence of the selected parame-
ters τ0 = f(J, C) and τ0 = f(J, δ), are also linear, which 
potentially simplifies the hardware and software imple-
mentation of the measuring device [21].

Our results are attributed to considering the physi-
cal and mathematical features of the process of interac-
tion of the electromagnetic field in IM with the moving 
part of the measuring transducer, as well as the features 
of the rotor dynamics during transient processes.

The proposed method is based on the analysis of 
free damped oscillation of the rotor after its short-term 
excitation. Applying voltage to the stator windings during 
mechanical locking of the rotor generates electromagnet-
ic forces that excite the rotating part of the system. After 
removing the voltage, the rotor, being locked by an elastic 
measuring transducer, performs free oscillations, and 
their duration determines the moment of inertia.

Our mathematical model takes into account the 
electromechanical characteristics of the induction mo-
tor and the interaction with the measuring transducer. 
It makes it possible to quantitatively describe the rela-
tionship between the duration of damped oscillations 
and the moment of inertia of the rotor. This approach 
ensures the uniqueness and reproducibility of the re-
sults. An error of up to 8% indicates that the model ade-
quately reflects the real process and can be used in prac-
tical measurements without significant loss of accuracy.

The linear relationship between the duration of 
the transient process and the moment of inertia is very 
important because it simplifies both the hardware and 

Fig. 6. Static characteristic of the measuring transducer of 
moment of inertia
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Fig. 7. Results of modeling the dependence of duration of the 
transient process on the parameters of IM and measuring transducer: 

a – dependence τ0 = f(J, C); b – dependence τ0 = f(J, δ)
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software implementation of the measuring instrument. This 
means that complex nonlinear transformations, which usual-
ly complicate accurate measurements, are absent, and simple 
algorithms can be used to evaluate the results. Such simplifi-
cation opens up opportunities for designing inexpensive and 
reliable instruments for mass use in the industry [22].

The specified method and means of measurement are 
characterized by limitations associated with the limiting 
mechanical moment, and therefore the power of IM, since 
with the increase of the latter it is necessary to increase the 
dimensions of the measuring transducer, which would inev-
itably lead to an increase in the instrumental component of 
the error. Therefore, it is advisable to limit the scope of ap-
plication of this approach to low-power electrical machines.

Further development of this research may address several 
areas, covering both the improvement of the measurement 
method itself and the expansion of its application. In particular, 
the search for ways to adapt the method to higher-power elec-
trical machines, as well as to other types of machines, such as 
synchronous or collector, is promising. This could significantly 
expand the scope of using our technological advancement but, 
at the same time, it creates new challenges associated with the 
complication of the dynamics of objects and the need to take 
into account additional energy and thermal factors.

Another direction may be to increase the measurement 
accuracy by improving the mathematical model, in particular 
by taking into account friction losses, nonlinearities of the 
magnetic circuit or temperature changes in parameters. At 
the same time, such detailing inevitably leads to the compli-
cation of calculations and the need for more accurate identi-
fication of the object parameters.

7. Conclusions

1. The concept of an automated method and the structure 
of a means for measuring the rotor moment of inertia in 
low-power induction motors have been devised. The imple-
mentation of the proposed method involves short-term op-
eration of the electric machine under the short-circuit mode. 
The proposed concept implements indirect measurement 
of the rotor moment of inertia in IM, as a parameter that is 
functionally related to the duration of the electromagnetic 
transient process of the machine when removing voltage 
from the stator winding. In this case, the measurement ex-
periment is performed under an automatic mode for a period 
of time significantly shorter than the heating time of the 
machine windings from a cold state to the rated tempera-
ture (as follows from the modeling results, the total duration 
of the measurement experiment is at the order of 0.3 s). The 
advantage of the proposed concept of the specified method in 
comparison with known analogs is the possibility of automat-
ing the measurement experiment, the reduced labor intensity 
and duration of the experiment.

The structure of the designed measuring instrument, 
which implements the specified method, is characterized by 
relative simplicity of implementation, low cost, and compat-
ibility with IMs of various designs. At the same time, taking 
into account the absence of moving electrical contacts and 
mechanical connections, as well as a small number of struc-
tural elements, we can conclude that it has high operational 
reliability.

2. A mathematical model of IM has been built in com-
bination with a measuring transducer, which provides the 
ability to uniquely relate the duration of the transient process 
of rotor settling after removing the supply voltage under the 
condition of mechanical blocking of the latter with its mo-
ment of inertia. Based on the specified mathematical model, 
the equation of the transformation of the measuring instru-
ment for the moment of inertia of the rotor, which imple-
ments the proposed measurement method, has been derived. 
It is shown that the error of the resulting mathematical model 
does not exceed 8%.

3. The metrological characteristics of the proposed meth-
od for measuring the moment of inertia of the rotor have 
been analyzed. As a result of our analysis, it was found that 
the dependences of duration of the transient process on the 
parameters of IM and measuring transducer are linear. This 
feature potentially simplifies the hardware and software im-
plementation of the measuring instrument.
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