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In biparametric resonant sensors (BPRS) motion parameters because of the desire to ensure the
resonance current in the windings and hence, the induction in the magnetic circuit varies within
wide limits and the working point moves beyond the linear plots of the magnetization curve
B = f(H). In this case, the specific magnetic resistance depends on induction and change of its

output equations inductance of the resonant circuit and static characteristics BPRS cannot be
neglected.

Evaluate the impact of nonlinearity B = f(H) on the resonant mode for the most common

magnetic circuit BPRS with a movable coil, a core and screen (Fig.1). Thus we assume that the
reactive component of the specific magnetic resistance of the magnetic material (steel) is much
less active and can be neglected. Note that the case of strong saturation were almost at the
considered BPRS not found.
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Fig.1 Magnetic circuit BPRS

In this case, the dependence of the specific magnetic resistance steel induction, i.e. p, = f(B)

with a sufficient degree of accuracy within a given range of variation of induction can be
approximated by the dependence:

Pu=—"") (1)
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where - K, coefficient approximation.

1. The magnetic circuit with a movable coil. Changes of magnetic flux Q,(x) and the magnetic
voltage U ,(x) at the elementary segment of dx is [1]:

dQ,(x)=U ,(x) C,dx (2);
du,(x) =2Q,(x) Z,,dx, 3

where Z - respectively linear values of the total magnetic resistance of the long rods and magnetic
capacitance between them, attributable to the unit of length x.

After simple transformations we obtain:

d*Q,(x)
d;Z =22,,C,.Q, (%) 4
The differential equation (4) after substituting (1) in (4) has the following form:
d*Q, (%) 1 K
dT#Z = zpﬂ gCHPQﬂ (X) = 2 B;ﬂ CHDQH(X) = ZKBCMP . (5)

The General solution of the linear homogeneous differential equation (4) has the form:
Q,(X)=K,C, X+ AX+A, . (6)

The solution for the magnetic voltage in accordance with (2) has the form:

_ A
Uﬂ(x)_21<Bx+C . (7

up

Continuous integration and Dene the following boundary conditions:

Qﬂ(X)| x=0 :0’ U#(X) X=Xum :Ups ' (8)
Substituting (8) into (6) and 7 and solving them together is:
A=U,C, -2K;X,C, A =0. 9)

After substituting (9) into (6) we obtain the law of change of magnetic flux in the cross section of
the rods along the magnetic circuit:

X
Qy(x)=U#bCﬂpx{l—I{u (Z_X_)] (10)
M
where, K, _ KXy :
b

In adifferential circuits electromagnetic sensors with distributed parameters of the law of change
of Q,(x) is almost identical to the law of change of inductance of the output winding.

The degree of nonlinearity changes the inductance of the resonant circuit BPRS determined by the
method described in:

30 | Page



Nexus : Journal of Innovative Studies of Engineering Science ( JISES )
Volume: 01 Issue: 03 | 2022  ISSN: 2751-7578
http://innosci.org/ (=i

E:E
|

{f(X,d) - HXw) Xk1j| +{ F(Xy) Xyo — f(XkZ)}
X X 0,125K;
" M 100% = ——=Y.100%,  (12)

2 £(X,) 1-K,

H _
& =

where f(x)=L(x)= chwx[l—l{u (Z—XL)} , X1, X, - he roots of the equation

M

F(Xw)

M

f'(x) =

t should be noted that the expression (12) allows to determine the degree of nonlinearity changes
the inductance of the resonant circuit, taking into account the distribution of the parameters of the
magnetic circuit and the nonlinearity of the magnetization curve B = f(H). If you want to
determine the degree of nonlinearity only from the influence of non-linear dependence of
B=f(H) ,litis

Agl' =&l —¢ (13)
where &; - is the degree of nonlinearity from the influence of the distributed nature of the
parameters of the magnetic circuit of the sensor. At p, =const we have: &/ =¢;' and Agg' =0.

The relative detuning frequency circuit BPRS with moving coil relative to the resonant frequency
is equal to:

AH =m.loo% — VLC —yL(X)C(x) .100% =
’ @, JL(X)C(x)
(14)

= . —~1-100%
1— &y (2_ X )
(125+¢) X

where L=W§me, L(x) - the inductance of the circuit, respectively without and with regard to

Z,; C=C(x)=¢sg, S—Xe - capacity circulit.

2. The magnetic circuit with a movable screen. Accounting for the differential equation to the
screen and thereafter in accordance with and solving them will get the expression of the magnetic
flux and the voltage on these sites:

Q, (%) =KgC, X + AX+A,, Uﬂ(xl):2KBx1+Ci , (15)

Hp

Q, (%) =KgCpXs + AX, + A, Uﬂ(xz):ZKszJrCi. (16)

up

The constant of integration A, + A, are determined from the following boundary conditions:

Q,u(xl) % =0 :0’ Uy(xl)

XZ:O!

X =Xm -Xx— Uﬂ(x2)
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Qy(xl) X1 =Xy —X :Q;t(XZ) XZ:OC,u5 ’ Uy(XZ)
For magnetic flux in the respective sections of the magnetic circuit finally have:
Q, (%) =KeC,oX +U ,C,, (1- K, )%, . (18)

XZZO_U;:(XZ)

yox=Y b -

X
Q, (%) =KgC, % +U,,,C, (1— K, ——)%, + K;C, (Xy —x)* +
XM
(19)
+U,C,o (L= 2K, )(X,y —X) +U ,C,,(1— 2K, Xi).
M

EMF inductively these flows uniformly distributed on one of the parallel rods of the magnetic
circuit of the coils of the winding (3.1. shown by the dotted line) is defined as:

) ] ) X 4 C x
E., =—jow U ﬂbCﬂp[TM(l—g K,)+ C”‘S

(L-2K, ) (20)

P X

The degree of nonlinearity changes the inductance of the resonant circuit is determined according
to (12) as:

X
X (1-2K, —*
’ ol UxM)_ x, _ 0125K,

E, = =
© 72X, (1-2K,) 2X, 05-K,

-100%, (21)

where the root of X, is found from the condition

dEex _ Eex(XM)_Eex(O) as X =05X
- k — ™ M -

dx Xu
The relative detuning frequency circuit BPRS a movable screen is equal to:
[an u&]
_ 2x C
a7 09— | . 0 _ ~1-100% . (22)
@, Xulq_ 2 +C/,5 1 & X
2X 3(125+¢' | C, (125+¢) X,

3. The magnetic circuit with a movable screen. Determining the constant of integration on the
basis of the boundary conditions

Qy(xl) =0, Uﬂ(xl) x1:XM—x=U,u(X2) X, =0 _Qﬂ(xz)

And Q#(Xl) X =Xy —X :Qy(XZ) X, =01 U/I(XZ)

get the expression for the magnetic flux Q,,(x,)

X, =0 R,ue (23)

XZ:X:U,ub

X
Q,(x,) = RBq,pxz2 +U ,C,(1-2K, X—)x2 +U ,C o (Xy —X)x
M

1-K, XX _K, (24)

M

X .
1+C K, (Xy —X)
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he EMF of self-induction, inductive excitation winding, placed on the section of magnetic circuit
with coordinate x =0 assuming R C X, >>1 to be determined from

X

FEE S v
E =—jowU C | x-K + M 25
ex J b~ o™ up V] XM Rﬂecﬂp ( )

The degree of nonlinearity of the change of inductance of a circuit is defined as:

X2 X
X —K, X+ K, — %
) Xu  “RCoXu % _0125K,

2X, 1-K,

7 -100% , (26)
2(XM _KUXM _Riu)
e

The relative detuning frequency circuit BPRD with a movable screen is as

1

H
{1 g X }r X, 125+ ¢

@25+ X, R,eCoX

N\

e

~1.100% . (27)

The analysis of expressions (12), (24) and(14), (22), (26), as well as the corresponding curves
shows that for the same value of K|, the degree of non-linearity of inductance changes and
disorders of the frequency of the resonant circuit at BPRS a movable screen is much larger than
that BPRS with moving coil or screen, BPRS with a movable screen &' and A" depends on the

compositions R, C,X,, and high R,,C,,,and X,, istheterms ¢,' =& and A} ~ A7

Conclusion

Thus the article is theoretically investigated the effect of nonlinearity basic magnetization curve
began at the resonant mode in BPRS motion parameters. It is established that under the same
conditions disorders frequency of the resonant circuit BPRS a movable screen is much larger than
that BPRS winding or screen, and in the case of ideal screen disorders frequency of the resonant
circuit at BPRS with movable winding and the screen has the same value.
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