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Abstract: In this article, based on the theory of lumped-parameter circuits, algebraic and
differential equations describing the mechanical, electrical, and magnetic circuits of new
magnetoelastic acceleration transducers, their analytical solutions, as well as mathematical
models establishing the relationship between the electromotive forces at the outputs of the
transducers and acceleration, which is the input quantity of the transducer, have been
developed. Analysis of these mathematical models and the graphs constructed on their basis
shows that under the influence of acceleration applied to the transducers, with an increase in
the mechanical stresses arising in the magnetic circuit of the transducer, a redistribution of
magnetic fluxes occurs between the branches of the magnetic circuit. An increase in
mechanical stress leads to an increase in the magnetic flux in one branch of the magnetic
circuit and a decrease in the other branch. It has been established that this is explained by the
different changes in the magnetic reluctances of the corresponding parts of the magnetic core.
The analysis of the graphs showed that all the considered dependences are nonlinear in nature,
and the degree of this nonlinearity takes different values: if in one half of the differential
magnetic circuit the degree of nonlinearity is approximately 7.93%, then in the second half
of the circuit it is approximately 5.67%. The analysis of the developed mathematical models
also showed that they can be used to theoretically investigate the main technical
characteristics of the new acceleration transducers with sufficiently high accuracy.
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Introduction
Measuring and monitoring acceleration is one of the critical tasks in modern transportation,
aviation, railway, energy, and industrial automatic control systems [1-3]. Especially in harsh
operating conditions characterized by high temperature, strong vibration, electromagnetic
interference, and moisture, the reliability and accuracy of conventional acceleration
transducers decrease [4]. Consequently, interest in magnetoelastic effect-based accel\‘
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transducers has increased in recent years. In magnetoelastic acceleration transducers
(MEATS), mechanical action generates mechanical stress in ferromagnetic materials, which
in turn alters their magnetic properties. As a result, the output signal is formed through
changes in magnetic permeability, magnetic flux, and other parameters. These transducers
are characterized by high reliability, simple design, and resistance to environmental
influences [5-7].

Several new designs of MEATs have been developed at Tashkent State Transport
University [8-10]. They offer advantages over existing ones due to features such as broader
functional capabilities, higher sensitivity, and greater accuracy. The structure, operating
principle, and specific design and electrical circuit features of these new MEATS are detailed
in [8-10].

To design, fabricate, and introduce these new MEATS into production, it is first necessary
to theoretically analyze their technical characteristics. The technical characteristics of
MEATs primarily depend on the patterns of changes in the magnetic flux and magnetic
inductions within their magnetic circuits [7]. For this purpose, it is essential to develop
mathematical models for the new MEATS.

The mathematical models of the new MEATS consist of algebraic and differential equations
describing their mechanical, electrical, and magnetic circuits, their analytical solutions, and
expressions based on these solutions that correlate the EMF, voltage, and currents at the
transducer output with the acceleration, which is the input quantity of the MEAT.

It is well known [11-14] that the excitation and measuring windings of MEATS are, in most
cases, studied as electrical circuits with lumped parameters, whereas magnetic circuits are, in
the vast majority of cases, analyzed as distributed-parameter circuits. However, in certain
cases, particularly in rapid calculations where high computational accuracy is not strictly
required, the magnetic circuits of MEATS are also investigated using the methods of lumped-
parameter circuit theory [13]. In such instances, the magnetic circuits of MEATSs are often
described in the form of simplified equivalent circuits.

Before developing the mathematical models for the new MEATSs, we introduce the
following assumptions that can be adopted when investigating their electrical and magnetic
circuits: 1) the active resistance of the MEAT electrical circuits is lumped and constant in
value; 2) the area of the hysteresis loop of the magnetic materials used in the magnetic circuits
is negligibly small for calculations; 3) the magnetic circuits operate within the linear region
of the magnetization characteristic of their magnetic materials, meaning the magnetic circuit
is a linear circuit; 4) the stray magnetic fluxes in the magnetic circuits have a negligibly small
value that is omitted in calculations; 5) the distributed parameters of the magnetic circuits are
uniformly distributed along the length of the circuit. Although these assumptions do not
significantly affect the accuracy of the investigation of the new MEAT circuits, they allow
for a substantial simplification of the calculations [11-12].

Figure 1a shows the design schematic of the magnetic circuit of the new MEAT [10], and
Figure 1b presents its simplified equivalent circuit. The simplified nature of the eqw\\n /
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circuit lies in the fact that, in the calculations, the distributed magnetic reluctances of the
parallel rods of the magnetic core are replaced with lumped magnetic reluctances, and the
stray magnetic fluxes merging through the air gaps between these rods are neglected.
Furthermore, the circuit is assumed to be linear, meaning it is considered that the material of
the transducer magnetic core operates within the linear section of the main magnetization

curve.
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Figure 1. Design schematic (a) and simplified equivalent circuit (b) of the magnetic
circuit of the new MEAT.

The mathematical model of this circuit, formulated as a system of algebraic equations using
the loop (mesh) current method, is expressed as follows [15]:

{ [Zuo + Z;u(o') 3 zzus]Qun T Zonuzz = U;m;l:
—Z,0Qu11 + [Zuo +Z,,(0) + ZZu4]Qy22 = Uz

me - -1s the total magnetic reluctance of the center rod of the magnetic core,
0

(1)

where Z
d1 dl

-17. _ _ _ :
[H7']; Z,4(0) = ul(a)uobh s and Z,,(a) = #z(U)Mobh o ArC the total magnetic

reluctances of the upper and lower rods of the magnetic core, respectively, and p, (o) =
u(0)/(1 — Co) and u, (o) = u(0)/(1 + Co) are their relative magnetic permeabilities; o =
kU, is the mechanical stress function generated in the upper and lower rods of the magnetic

core by the component of the inertial force U, acting upon them; U, = f(a) = (vV2/2)ma
is the function representing the dependency of the inertial force component on acceleration
a;

Zy

l l ! :
s = Z,, = —£— = —L_are the total magnetic reluctances of the left and right outer
% upobh  ppobh

sections of the magnetic core; X, ; b; h; ;5 =1, are the corresponding geometric
dimensions of the magnetic circuit; Uyyq; Uy, are the MMFs (magnetomotive forces) of the

excitation winding sections located on the upper and lower rods of the magnetic core. It is
worth noting that in equation (1) and in most subsequent equations, complex quantities are
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98’

replaced by their magnitude (modulus) values.

Volume 2, Issue 6 CONFERENCE OF MODERN SCIENCE
& PEDAGOGY/ WASHINGTON/THE USA // ‘



Based on the solution of the system of equations (1), the values of the magnetic fluxes
in the respective rods of the magnetic core are equal to the following:

U1 Zyy22(0) + Upa Z 0

) 2
Ga = Qu = Z,11(0)Z,5,(0) — Zﬁo (2)
_ _ UuaZpo + Uiz Zy11(0)
QMZ B QMZZ B Zu11(0) 22(0') - ZZ , 3
( - Uum)Zuo + [Uu u22 (0) /,u<2 11(0')]
= ) 4
Cuo = Zu11(0)Zu22(0) - )
Where Z[,Lll(o-) = + Z 1(0_) + 27 Hg, sz(o-) = ZMO + Zuz(o-) + 22#3

If the above expressions for Z,,(0), Z,,(0), p;(0) and p,(0) are substituted into

equations (2)—(4), then after relatively simple rearrangements, we obtain the following

expressions:
i UﬂKl(Al + BIO') + U#KZZMO (5)
- A? - 7% —BZo? '
24 )
K Az — Zﬁo — Bfo?
(Uit = Usa) (A1 = Zyo) + (Vs + Uz ) Bro
QuO 73 AZ ZZ BZ 2 ’ (7)
1~ 4yo — b1 0
where A; = Z,,0 + 22,3 214 ; By = L

()’ ©(0)

The graphical plots of the functions Q.4 = f(0), Q2 = f(0) and Qyy = f(0)
constructed according to equations (5)—(7) and their nonlinearity degrees are presented in
Figure 2. These are based on the parameters of the MEAT shown in Figure 1: Uy, = U,

pK2 =
Uy =3004; X, =01m; b=0,00825m; h=001m; d; = %; l;3 =0,001m;
Uy =4m-10"7 H/m, as well as u(0) = 1280 and C ~ 0,024285 MPa~! determined
from the graphical plot of the function u = f (o) for the ferrite material reported in Figure
3.1.

An analysis of the constructed graphs shows that as the mechanical stress o increases, the
value of the magnetic flux @, also increases; conversely, the value of the magnetic flux @,
decreases. This behavior is explained by the opposite changes in the magnetic reluctances of
the respective branches of the magnetic circuit under mechanical stress, resulting from the
differing variations in the magnetic permeabilities of the ferrite material from which they are
made: p;(0) = u(0)/(1 - Co) and pu,(0o) = u(0)/(1 4+ Co). In turn, the value of the
magnetic flux @, is equal to zero when o = 0 and subsequently increases monotonically
with the increase of o. This is attributed to the asymmetry in the distribution of magnetic
fluxes across the branches of the magnetic circuit. Therefore, the quantity Q,, can be
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The graphs also indicate that within the investigated range of stresses, the dependencies
Qu = f(0),Qu2 = f(0) and Qo = f (o) exhibit a smooth nonlinear character. However,
in the region of small and medium values of o, the variation of the magnetic fluxes is close
to linear. Specifically, when the mechanical stress generated in the ferrite material under the
influence of the acceleration applied to the MEAT varies within the range of 0 < o <
40 MPa, the nonlinearity degrees of the function graphs for Q,; = f(0), Q.2 = f(0) and
Quo = f (o) are approximately 2.99%, 2.80%, and 2.49%, respectively. This allows for the
use of linear approximation in engineering calculations and transducer sensitivity analysis.
At higher values of mechanical stress, the nonlinearity becomes more pronounced, which is
associated with the quadratic term B¢ 2 in the denominators of the magnetic flux expressions

(D).
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Figure 2. Graphical plots of the functions Q,; = f(0), Q.2 = f(0) and Qo = f(0).

n

Thus, the obtained dependencies and constructed graphs confirm the operability of the
proposed mathematical model and allow for a quantitative assessment of the effect of
mechanical stress on the redistribution of magnetic fluxes in the transducer magnetic circuit.

By expanding the functions (5)—(7) into a Maclaurin series, limiting them to their first two

terms, and taking into account that o = kyU,, and U,, = (\/E / Z)ma, we obtain the following
linear functions:

Qu = by + k1q, (8) Quz = b, — k,a, 9)

Quo = by + koa, (10)
where

b, = (qulAl + U#KZZuO)/(Blz - ZPZLO); ky = UuK1B1kU(\/§/2)m/(B12 - o) \\‘/
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b2 = (U.UK'.ZAl + qulzyO)/(Blz - ZﬁO); kz = quzB1kU(\/§/2)m/(Blz - Zﬁo);

(U#Kl - UHKZ)(Al - ZMO) . k ( ux1 T nyz)B1kU(\/—/2)m
Blz —_ Z[%O ’ 0= BZ ZZ

b0=

The mathematical model in the form of an analytical expression for the output signal
of the new MEAT, where the sections of the measuring winding are connected in a
differential circuit, is equal to the following:
Eun, = JoWy (Qu1 — Qp2), (11)
where wy,, and w are the number of turns in the section of the MEAT measuring winding
and the angular frequency of the current, respectively.

Figure 3 presents the design schematic (a) and the simplified equivalent circuit (b) of the
magnetic circuit of the new MEAT, which converts rotational parameters, including
angular acceleration, into a proportional electrical signal [9]. When this MEAT is operated
in the angular acceleration measurement mode, its excitation winding is supplied by a
direct current (DC) source. This current generates magnetic fluxes in the respective
branches of the magnetic circuit. To determine the values of these magnetic fluxes, we
formulate the following equations for the equivalent circuit in Figure 3b based on the Loop
(Mesh) Current Method:

[Wu23 + Wy7(0-) a Wyl]Qull B WulQuZZ = _Uuw (12)

Wy1Qu11 + [Wys(o') + W;u]Quzz = Uy, (13)
where U, is the MMF (magnetomotive force) generated in the ferromagnetic yoke 1 by the

Luc
Utobche
Lux, d;

= ; w o) =
f7(0)Mobxhy  H7(0) us(0)

excitation winding current; W53 = Wy, + W33 Wy, =W,53 = are the magnetic

reluctances of rods 2 and 3, respectively; Wy, (o) =

l d . . :
£ = —2 are the magnetic reluctances of half-rings 7 and 8 made of magnetoelastic

ug(o)uobshy  pg(o)

material;
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Figure 3. Design schematic (a) and simplified equivalent circuit (b) of the magnetic
circuit of the new MEAT: 1 — ferromagnetic yoke; 2—5 — rods; 6, 7 — half-rings; 8§, 9 —
inertial elements; 10 — excitation winding; 11, 12 — sections of the measuring winding.

Lyx, Lirs by by, by, he, By, hy are the

urr Yer Vxo

pcr

l
W, =—=%8 - is the magnetic reluctance of yoke L, [,

KL upoby
length, width, and thickness of the rods, half-rings, and yoke, respectively; u,(c) =

u(0)/(1 — Co); ug(e) = u(0)/(1 + Co) - are the functions representing the changes in the
relative magnetic permeabilities of half-rings 7 and 8 under the influence of tensile and
compressive forces, respectively; o = k,,w is the mechanical stress function generated in the
half-rings under the action of centrifugal force as a function of the angular velocity of the
inertial elements; k,, is the proportionality coefficient.

By solving equations (12) and (13) simultaneously with respect to the unknown loop
currents, we obtain the following values for the currents in the branches of the circuit:

U [Wyias + W7 () + Wg(0)]

ut = A, ) (14)
U, W,(o)
o 2 %, (15)
- UHK[WH23 + WW(U)] 16
us8 — A1 ’ ( )
where A;= W, [Wﬂzs +W,,(0) + Wﬂg(a)] + [Wﬂ 7(0)] 8(0).

If the above expressions for W,,(0), W,5(0), u;(0) and ug(o) are substituted into
equations (14)—(16), then after relatively simple rearrangements, we obtain the following

\\//
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Upc(Wyizs + 2n)

ult = A, ) (17)
U,n(1+ Co)
Qu7 = = A ’ (18)
2
us8 — A, ’

where Ay= W1 (W,p5 + 2n) + n(W,23 + n) + nCoW,53 — (nCo)?; n = dy/p(0).

The graphical plots of the functions Q. = f(0), Qu = f(0) and Qg = f(0)
constructed according to equations (17)—(19) and their nonlinearity degrees are presented in
Figure 4. These are based on the parameters of the new MEAT: [, = 0,06 m; [, =
0,16 m; l,, =0,1m; b, =0,005m; b, =0,005m; b, =0,01m; h,=0,005m; h, =
0,005m; h, = 0,005m; Uy, = 300A4; puy=4m-10"7 H/m, as well as u(0) = 1280
and C ~ 0,026 MPa~! determined from the graphical plot of the function u = f (o) for the
ferrite material reported in [16].
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Figure 4. Graphical plots of the functions Q,; = f(0), Qu7 = f(0) and Q5 = f(0) and
their nonlinearity degrees.

An analysis of the obtained dependencies Q,; = f(0), Q7 = f(0) and Q.5 = f(0) and
their graphical plots demonstrates the redistribution of magnetic fluxes between the branches
of the magnetic circuit as the mechanical stress ¢ increases under the influence of the
acceleration applied to the MEAT. In this case, the magnetic flux @, in the transducer
magnetic yoke increases to a relatively lesser extent: within the mechanical stress range of
0 < o < 38, its value remains almost unchanged. An increase in mechanical stress leads to
an increase in the magnetic flux in one branch of the magnetic circuit and a decrease in the

other. This is explained by the differing variations in the magnetic reluctances
respective sections of the magnetic core. The analysis of the graphs shows that all cons /
/
’* 03
Volume 2, Issue 6 CONFERENCE OF MODERN SCIENCE
& PEDAGOGY/ WASHINGTON/THE USA // ‘ \




dependencies exhibit a nonlinear character. However, the degree of this nonlinearity varies.
For the function Q,;(0), the nonlinearity degree is approximately 7.93%, with the maximum
deviation from the straight line connecting the points 0 = 0 and ¢ =38 observed at ¢ =
22,44 MPa . For the function Q,g(0) , the nonlinearity degree is lower, equaling
approximately 5.67%, and the maximum deviation occurs at ¢ = 15,48 MPa. For the
function @, (o), the nonlinearity degree is considerably smaller, at about 1.85%, which
allows it to be considered practically linear within the investigated stress range.

Thus, the function @, exhibits the highest sensitivity to changes in mechanical stress,
while the function Qg characterizes the variation of the magnetic flux in the opposite
direction. The function @, (o) serves as a practically linear reference characteristic. The
obtained results confirm the validity of the adopted mathematical model and demonstrate that
this magnetic circuit can be utilized to convert mechanical stress into an informative variation
of magnetic fluxes.

By expanding the functions (17)—(19) into a Maclaurin series, limiting them to their first
two terms, and taking into account that ¢ = k,U,, and U,, = mrQ? (where m - is the mass of
the inertial element; 7 - is the distance from the axis of the ferromagnetic yoke to the center
of the inertial elements; () is the angular velocity of the inertial elements), we obtain the
following linear functions:

Qu = b; — k3Q2, (20) Qur = by + k407, (21)
Qus = bs — ksQ?, (22)
where
b3 = HK(WH23 + Zn)/A3 ; k3 = ﬂK(WMZ?’ + Zn)ncwﬂzgkumr/Az ;
b, = U,n/As; ky = U, nCA3 kymr(1 — A3'nW,05);
bs = Uy(Wyz5 +1)/As; ks = U, A nChymr[1 + (Wyps + n)W,0s).

The resulting EMF at the output of this new MEAT, where the measuring winding
sections are connected in a differential circuit, is determined using the following formula:

d
Capk, — ~ Wy E (Q;ﬂ ) QMS) T W}“ml{.Q(k?, + k4—)EQ: (23)

where gq = % — angular acceleration of the rotating part of the MEAT.

Now, we investigate the magnetic circuit of the new MEAT designed for measuring
vibrational acceleration [8]. The design schematic (a) and the simplified equivalent circuit (b)
of the magnetic circuit of this new MEAT are presented in Figure 5. To further simplify the
investigation, the internal magnetic reluctance of the MMF sources is neglected.

In the presence of vibration along the Ox axis, to determine the magnetic fluxes in the.
branches of the magnetic circuit using the Loop (Mesh) Current Method, we formul&\f /
’- 04 Z
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o T o~
—————— —
following equations for the independent loops “oaa’o’o”, “odd'o’0”, “obb’'0'0” and
“occ’o’0”:
[Zuo + Zul(o-)]Qull + ZuOQuZZ - ZuOQu33 - ZuOQu44 = ZUyw (24’)
ZuOQull + [ZMO + Z;u(a)]Quzz - ZuOQu33 - ZuOQu44 = ZUuw (25)

_ZuOQull T ZuOQuZZ + [ZMO + Zuz (U)]Qy33 + ZuOQu44 ZUyw (26)
—Z40Qu11 — ZuoQuzz + ZuoQuss + [Zuo + Zuz(o')]QyM = 2Uy (27)

luc . . . :
uuﬂ Ch is the total magnetic reluctance of the additional rod (branch oo’ in
0

Figure 5b) in the transducer magnetic circuit (when the transducer magnetic system attached

where Z,, =

to the monitored object undergoes oscillatory motion at a certain frequency, eddy currents are
generated in the rods due to the regular variation of their magnetic fluxes over time; therefore,
the magnetic reluctances of the rods are considered in the form of total reluctance); Z,; (o) =

P ( o) Z,,(0) = —) — are the total magnetic reluctances of the main rods (branches (aa’,

dd’ and bb, cc’ in the transducer magnetic circuit; d3 = l,./(u3bh); Q11 + Quaq — are the
magnetic fluxes of the independent loops of the magnetic circuit.
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Figure 5. Design schematic (a) and simplified equivalent circuit (b) of the magnetic circuit
of the new MEAT designed for measuring vibrational acceleration.

By solving the algebraic equations (24)—(27) simultaneously with respect to the loop
magnetic fluxes, we obtain the following expressions for the magnetic fluxes merging

through the branches based on them:
\\\ .
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20U, [4Z,0 + Z,5(0)]

= = , 28
U =02 =57 T ) + 20 ()] + 2 ()20 (0) (28)
20U, 42,0 + Z,1(0)]
=0, = , 29
Qs = Qs = 57 17 ) + 2 (@] + 2 ()20 (0) (29
Qus - 4U#K [Zuz (o) — Zul (0')] (30)

ZZyo [Z;u (o) + Zuz (0')] + Zul (O')Zyz (o) .

When a force acts on the magnetic core from left to right along the direction of the Ox axis,
the branches bb’ and cc’ (main rods) of the magnetic core experience tensile stress, whereas
the branches aa’, dd’ (main rods) experience compressive stress. In this case, the values of
the relative magnetic permeability of the rods bb' and cc’ vary according to the law p, (o) =
u(0)/(1 — Co), and those of the rods aa’ and dd' vary according to the law u,(o) =
u(0)/(1 4+ Co) . Here, it should be noted that the variations of u under tension and
compression for the magnetoelastic rods are, by convention, assumed to be mutually equal.

Substituting the expressions for Z,; (¢, Z,,(0), 11 (o) and p, (o) into equations (28)—~(30),
we obtain the following:

20U, 1(0)[4Z,011(0) + d3(1 + Co)]

U = Q2 =— [4Z,01(0) + d5(1 — C?02)] (31)
_ y 20, 1(0)[4Z,,01(0) + d3(1 — Co)]

Quz = Qua = d3[4Z,01(0) + d5(1 — C202)] (32)

Qus = 8U,,,u(0)Co (33)

ds[4Z,0u(0) + d3(1 — C202)]’

The graphical plots of the functions @,y = Q2 = f(0), Quz = Qus = f(0) and Qs =
f (o) constructed according to equations (31)—(33) and their nonlinearity degrees are
presented in Figure 6. These are based on the parameters of the MEAT shown in Figure 5:
l,e = 0,1m; b =0,005m; h = 0,005m; Uy, =300 A4; uo = 4m- 1077 H/m, as well as
©n(0) = 1280 and C ~ 0,026 MPa™?! determined from the graphical plot of the function
u = f (o) for the ferrite material reported in [16].
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Figure 6. Graphical plots of the functions Q,; = Q2 = f(0), Qu3 = Qua = f(0) and

Qus = f(9).

Based on the derived analytical expressions for the working magnetic fluxes in the main
and additional rods of the new MEAT and the graphs constructed from them, the following
scientific conclusions can be formulated: 1) the functions Q,1(0) = Qu2(0), Qu3(0) =
Qus(0) and Q,s(0) and their graphs confirm that the mechanical stress o exerts a
significant influence on the redistribution of magnetic fluxes within the magnetic circuit;
2) as o increases, the flux Q,;(0) = Q,2(0) increases, the flux Q,3(0) = Quu(0)
decreases, and the flux Q,s(0) increases monotonically starting from a zero value; 3)
under the influence of mechanical stress, the magnetic reluctances in the branches of the
magnetic circuit vary differently: magnetic permeability increases in some branches and
decreases in others, resulting in a redistribution of magnetic fluxes between the
symmetrical sections of the magnetic circuit; 4) the function Q,5(0) possesses the most
distinct measurement capability since its value is zero at 0 = 0 and increases with the
growth of g, meaning this flux can be utilized as the informative output parameter of the
transducer; 5) the graphical plot of the function @,s(0) exhibits the lowest degree of
nonlinearity, which is crucial because this specific function is the most optimal for forming
a measurement signal with minimal nonlinearity error; 6) the obtained formulas and graphs
confirm the feasibility of applying the investigated new MEAT to convert mechanical
stress into an electrical signal based on the magnetoelastic effect, and demonstrate that it
is expedient to adopt the function (magnetic flux) Q,s(0) as the primary informative
parameter.

If the resulting functions (31)—(33) are expanded into a Maclaurin series, limiting them

to their first two terms, and taking into account the relations o = k; U, and U, i\ /
\//
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mA,,sin(w,t) (where A,,, w, — are the amplitude and angular frequency of the
vibrational acceleration, respectively), then we obtain the following linear expressions for
the magnetic fluxes in the respective branches of the transducer magnetic circuit:
Qu1 = bg + keApsin(wyt), (34) Quz = bg — keApsin(wyt), (35)
Qus = 4keAysin(wy,t), (36)
where bg = 2U,, 1(0)/ds; ke = 2U,, u(0)Cm/(4Z,,0u(0) + ds).
The EMFs induced in the main and additional measuring windings of the new MEAT
proportionally to the vibrational acceleration are determined using the following expressions:

d d
€ac. = —2W, ( 351 - %) = —4w, kswy A, cos(w,t), (37)
dqQ
ey, = ~Wigm, d?s ~ Wiy K6 Wy A oS (wyt). (38)

Conclusion.

Thus, in this paper, based on the theory of lumped-parameter circuits, mathematical models
for the new MEATS have been developed. These models include algebraic and differential
equations describing the mechanical, electrical, and magnetic circuits, their analytical
solutions, and expressions derived from these solutions that correlate the EMFs at the
transducer output with the acceleration, which is the input quantity of the MEAT. An analysis
of these mathematical models and the graphs constructed from them demonstrates the
redistribution of magnetic fluxes between the branches of the magnetic circuit as the
mechanical stress ¢ increases under the influence of the acceleration applied to the MEAT. It
was determined that an increase in mechanical stress leads to an increase in the magnetic flux
in one branch of the magnetic circuit and a decrease in the other, which is explained by the
differing variations in the magnetic reluctances of the respective sections of the magnetic
core. The analysis of the graphs showed that all considered dependencies exhibit a nonlinear
character and that the degrees of these nonlinearities vary. Specifically, while the nonlinearity
degree in one half-section of the differential magnetic circuit is approximately 7.93%, it
equals about 5.67% in the second half-section of the circuit.
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