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Introduction. Solving problems and performing methods of obtaining information
characteristics of two-function electromagnetic converters (TFEMC) are impossible in the
absence of mathematical models of their input of a converter from an object under control and
from environment. The output parameters are determined depending on the input ones. It
necessitates development of mathematical models, of TFEMC basic parameters allowing to
determine their information and metrological characteristics.

Statement of the problem. This paper treats a problem of analytical determination of
mathematical models of magnetic field intensities for TFEMC of great linear and angular shifts.

For determining intensities of magnetic field (Fig.1) a cross-section of one pair of volts is
given. Within this section is shown a field around a winding system of linear shift-closed loops
1,2,3,4,5 6,1 and 1°, 2, 3°, 4°,5°, 6°, 1 > and are marked intensities of magnetic field
together with sizes of movable and stationary magnetic circuit.

Solution method. The determination of magnetic field intensities requires that ampere’s
circuital law for the mentioned closed loops be written in the following form:

(Hllzm + Hzltsm)za + (Hé3&n + Hél&n)§+ (Hé4m + Hé6m)h =1, (1
( [—III‘Z'm +H zlvs' Y20+(H: 5'3'&1 +H é‘l‘&n )0 +(H. ?{'4'm +H. é‘6‘m Yh=1,W, 2

where: [; is exciting current in linear shift circuit; W, is excitation winding of linear shift
circuit; 2a, 6, h -width of one slot; size of air gap between movable and stationary magnetic
circuit; slot depth respectively. ....with different indices stand for magnetic field intensity
corresponding to the sides of closed loop (as in Fig.1). These magnetic field intensities are
functionally related to one another. To determine this relation it is necessary to employ the
agnatic flux continuity principle for different sub circuits.

As noted above, the width of the middle projection between the slots is chosen on the depth of
field penetration. Electromagnetic field in this thickness is practically uniform and, hence, the

m

1 /
intensities H sem and H 34y, are equal to each other. According to the magnetic flux
/ / / /
continuity principle H Den — uH 34m and H 30sm — uH 34y, and here we have
I oyl
H, =H;,; .

In accordance with this magnetic flux penetrating the cross-section, of the middle
projection is determined from the formula:

1 2 oHlsem“o
@ = 2ttt ghid 3

This magnetic flux is ramified into @, u and @, .each latter of which is written in the
following form:

Al
CDi = HH, J.[_Illzme_ky1 a,dy, = HIZZm (1- e ) Kty a_ko 4)
0
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Fig. 1 Magnetic fluxes around TFEMC winding
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According to (3) with consideration for (4) and (5) we have

H516m - %(Hll2m + Hll'2'm)(1 - e_kAl )L (6)

thkd

In the initial state of stationary magnetic circuit magnetic field around slot winding is
found to be identical and respectively, equality of the intensities is observed, i.e.

I gyl /T Il T A
HlZm - Hl'Z'm’ H45m - H4'5'm’ H23m - H6'l'm’ H61m - H2'3'm’
I gyl . Il (7
H34m - H3'4'm’ H56m - H5'6'm

In this situation it is enough to use one of equations of Ampere’s circuital low. Lets use

the equation (1). In this equation it is necessary to create a functional relation
between

! ! / i i ! ! ! / /
H andH45m’ H23m andHl2m’ H61m andHl2m’ H34m andHlZm’ H56m andH

12m 12m >

l l
when X,=a, we shall get H 223m — I’IOH 12m as at the initial state of a movable element we
have the following:

I !
Hy, = nHy,,
After investigating the field within the sub circuits 3-4 at X;=0, we shall have similarly
I _ / —ky,
that H 3y, = Hyye
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/ /
Using the magnetic flux continuity principle we shall have H a5m — azH 12m -

/ /
Considering that H 45m — azH 12m and, respectively, we shall have from (6) that
l _ l l _ /
Hy,, =mH,, and Hg, =pnH,,

By substituting the above equations into (1) and performing some transformations we
shall further have the following:

I Lw,
12m = (Leay)2a+(ngtum ) 5+ (" +my) ®)
- _ 4 2 ppgonyZ Lw
AE, =—joW,, kb,

(+ay) 20 +(ng+un )5+(%+nl)h

4my (by—a) )
mg (by—a)’=X?)

xarctg

The obtained formula of electromotive force AE; represents all geometrical sizes of

magnetic circuits and electromagnetic parameters of the measuring circuit.

As seen from (9) AE; is linearly dependent on shift Z. When Z=const and X=R,[

AE ; changes.

For angular shifts we similarly use the following formulae to determine AE u

u . u 2 (by—X)
AE’yx - _]W2ua)lulu OHIZm ka, a’/'Ctg

4my(ay—a)
1—4m2 (ctg—at)*~22) (10)

u l
The intensity £113,, is determined in the same way as H 12.m - As sizes of slots and their

u
middle projections of the measuring circuits are the same, the formula H 12m Will be written in

the following manner:

u _ Iu Wu
H12m -

nl (11)
(I+a,)2a +(n‘(; + U n1)5+(#—0+ ny)h
pll — 2boshid,
where 0o~ ka2
By substituting (11) into (10) for AEu we shall have:
. 2 b X 1, W
AE — _ a)W HHyDy u Tul
u J 2u kay (l+ay) 2a+(nf+pm) S +("+y )
4my(ap—a) (12)

xarclg 1-4mi (ay—a)*-Z*%)

Conclusions. As is seen, slot sizes of the measuring circuits of linear and angular shifts are
assumed to be the same. The obtained formulae represent all geometrical dimensions of a
magnetic system and its electromagnetic parameters.
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