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Abstract — The restriction of load power, two—valued reguldabn characteristic, and interference of several
loads is observed in power supply systems with litgid power of voltage source. The approach for
interpretation of changes or “kinematics” of load regimes is presented by using the conformal and hyymlic
plane. This geometrical interpretation allows to bae the definition of operating regime parameters. Bsults
can be useful for electric circuit theory educatiorand for voltage coordinated control of given loads
Non-Euclidean geometry is a new mathematical appatas in the electric circuit theory, adequately inteprets
“kinematics” of circuit, provides the validation for the introduction and definition of the proposed @ncepts.
Index Terms— cross ratio, limited voltage source, projectiveransformations, regulated characteristics,
stereographic projection.

An interference of the regulators on load voltaygsV,
I. INTRODUCTION is observed by internal resistand® .

In power supply systems with limited voltage S S
source power, the restriction of load power, twalued R vV ¢ VR1
regulation characteristic, and interference of savimads ) '
is observed [1]. Distributed power supply systems, o |
autonomous or hybrid power supply systems on tlesba
of solar cells, fuel elements, and accumulators ben
examples of such systems [2].

At present time, a digital control of voltagenvertersis | |  TTTTTTTTTTTOC
used. One way of the digital control performanca is 2
predictive technique. In one switching period, diogy
cycle for the next switching cycle is calculatedséd on I

the sensed or observed state and the input/ output E
information [3], [4]. Also, a feed— forward contnmlethod ' é

T

improves a load regulation dynamics of convertgiTfis
method calculates the required duty ratio variatigrthe
predicted load current. Therefore, it is necessatgke L.

into account the internal resistance of power syppl Fig.1 Power supply system with two regulators avatls
carry out analysis of the load interference anciobt
relationships for definition of regime parameteitsthe The equation of this circuit at change of paransetgr, n,
possible coordinated predictive control for prdsat has the view
regimes. ) )

The approach for interpretation of changes or 5(\/ % +5(\/ % +(V _ﬁj _ V) o
“kinematics” of load regimes is presented by ughme R 1 2 2 4

conformal and hyperbolic plane [6]. In the pregsager,

the base of this approach is developed. This expression represents a sphere by coordiitatég.2.

For simplification of drawing, the ax¥s,V, are
Il. BASIC MODEL OF VOLTAGE REGULATORS.  superposed. In turn, the variabigsn, are resulted from
DI_SPLAY OF CONFORMAL GE_OMETBY _ a stereographic projection of sphere’s points fthenpole
We consider a power supply system with two idedlize 0,00 [7]. These variables define the conformal plane
voltage regulator¥ R ,VR, , and loadsR, R, in Fig.1. N, [8].

The regulators define traniorma‘uon ratios In the plan¥,V, we have an area of voltage change.
2

n :ﬁ' n,=—2. (1) This area is defined by the internal area of cifelépse)
\ \ and corresponds to the sphere’s equator in Fig.3(a)

In this cas&/ =V, /2. Taking into account (2), we obtain
the equation of this circle

54



8" International Conference on Microelectronics and Computer

5(\/1)2 +5(V2)2 :&-

R R, 4 )
v
v %
’ 3 v = oy
7 g P
/ ‘, n, oo F n,
A =¥ e -
- / e 4
V 'y ¥ ’ g -7
’ -7
’ ’ Pl
’ ’ 5
(\ / 7z "
B e
v, -
2
\ M N 1
0 o N,

Fig.2 Stereographic projection of sphere’s poMté/l,Vz) on
the plandyn,

In the plangyn, this equation has the form

%(nl)z +%(n2)2 -1, @

Then, the maximum load voltages and transformattins

V,
Vi =R Vaw TE RS ®)
_, |R 1R
=+ L  n,y =+ [—=. (6)
Mm R oM R

Let, for example, the regimé =const (there are lines
L; ) be supported at the expense npfn, changes.
Then, the circular sectidy  of sphere and corresponding
circlel Let us obtain the

in the planenyn, turn out.

equation of this circlé; . Taking into account (1)

VD)? =(M)?V2, (V5)? =(np) V2.

Then, by (2)
V= Vo . 7)
1+ 3 () 4 S (n)?
R R,
Therefore, we have
V.
V, = R Mo R . (8)
1+ (n)*+ - (ny)?
R R,

Thus, the equation of circle; has the view

) () - 2 4120

Points of intersection of the circle;  with the axigy

9)

correspond to equation (9) as, =0.Then
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2 &ﬁ-}-&:o_
Vi R

Therefore, in the planéyn, the circles correspond to the

()" -n (10)
parallel straight lines of the plakgV, for different

valuesV, .

b)

Fig.3 Correspondence the pla¥gV, - (a) to the conformal
plane njn, — (b) forV; =const

Such family of circles describes the regiMe= const as
a rotation group of sphere in Figs.2, 4. This moté
points N* — N* has the two fixed points+ Ny -

Let the set of initial points be situated on splseeguator
for different valuesV, . The rotation of the equatorial
plane of sphere about its diameter , as showaritmws
in Fig.2, gives the circle famil)K; with parameters

k;,kZ , and so on in Figs.3,4.
In turn, in the pland/; V, the projected circle;, k?
give the family of ellipsesK, , as shown in Fig.3(a). By

Fig.5(a), we have

V, = kz(v —V—Zoj =n\V, (11)

where k2 is an angular coefficient. Therefore, we get
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Fig. 4 RegimeV1 = const as the rotation group of sphere

Next, we obtain the equation of corresponding esch the
plane nyn, . From (11) it is follows

ﬁ = 2—k2 il
Y, Kk,
Using (7), we get the required equation of cirde

R 2, R 2,5M _1_

2 (n,)* + - () +2:2-1=0, (13 .

R, R K )
The moving of points of circle¥; is shown in Fig.5(b).  Fig. 5 Circle family K, with parametersk;, kzz; rotation of the
Such moving, as a hyperbolic transformation with tiivo equatorial plane of sphere about its diametethércoordinate plane
fixed pointstn,,, , has form (5). V,V, - (), moving of points of circle¥, - (b)
On some step of switching cycle at an increase of

parameterdy,n, , a running point can pass over the ll.  CASE OF ONE LOAD

We consider our power supply system with one laad,

equator and the voltagd/, is going on step down that i
n, =0, V, =0. Thus, a regime change goes only on the

is inadmissible. Therefore, it is better to usehsgioups of
. o . T, 2
transformations or movements of points in the plagm, , axesV;, N,. Points of initialn; and subsequer;

When_ it is impossible to move out the running power regime form a segmeﬁfnlz . A moving of this segment
the circle or equator of sphere . So, we must deeréhe for different initial points and the conformity wériables

next valu_esnl, Ny by some rule. _In th|.s Sense, W_e come at n, , V, are shown in Fig.6. It is obvious that Euclidean
hyperbolic geometry [9]. There is Poincare’s mddehe

2 . .
plane nyn, . The corresponding circle carries the name of 1€ngth of segmenfyny;’ decrease, while this segment

absolute and defines infinitely remote border. The approaches to the fixed pointsn,,, of absolute. But, a
equation of absolute conforms to (4). The arcsirefes projective transformation has an invariant in thenf of

L, are the straight lines of this model. In turn, éhes of ~ cross ratio for four points [10], [11].

. . _ .. Inthe given case, there are the two fixed poeddase
circles K, are the lines. A distance between these lines is J pomssh

] ) points, the point of initialnll, and subsequenlfll2 regime.
constant. The straight linels, are orthogonal to o1
Then, the cross ration,”, which corresponds to a regime

equidistance lined{; . change, has the form

In turn, the Beltrami- Klein model is other hypelibo ) 1

geometry model in the plané V, in Fig.3(a). The lines mfl =(-ny, an n1l Ny, ) = LY - m+ Ny (14)
_ 2 Al

L, . K, of this model have the same sense. LIVARL! m M

Now, we can obtain requirement expressions or mfles The value of this cross ratio is constant for défdg initial
regime parameters and their changes. points, as it is shown in Fig.6. The cross remﬁ for the

initial regime nll relatively to n, =0
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Fig. 6 Moving of segment for variabIV§, n

The value m,l] determines a non-uniform projective
coordinate of the vaIuenll. Hence, the pointy, =0 isa
unite point. In the same way, for subsequent regirrﬁe
)=ty

M

m; = (-, n Ony, (16)

Let us obtain the expression of transformatmin_» nf
Using normalized values, we get (14) in the form

nS+1 n+l
o (-1p2pt Y=o TL gy
m=(-1n"n 1) -2 1-m (17)
Then, the subsequent value
21 _ 21 _
= em T g
m+1 m+1
21 _
We can introduce the valu&fl = mgl 1.
m+1
Finally we obtain
r—llzzﬁl"'nfl nlz1:ﬁ2_r_‘1l (19)
Lemny 1o

There is the required property of this transforomtif the
initial valuel, =1, then the subsequent val@& =1 for

various valuesnfl . Thereforethere is a strong reason to
introduce the value of transformation ratio chanagenfl.

Let us now consider the variat . Similarly to (15),
(16), the cross ratios

ml/ = (Vi Vll OV ) =

Using normalized values,

Vll +V1M 2 _ V12 +V1M
Viu —Vlly Viu _V12 '
similarly to (19), g&t
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\/ 1 21 /2 _\/1
Vi +Vy V2= ViV,
T hs21 ‘1 NV
1+V, 'V, 1-V,%V,
Thus,there is a strong reason to introduce the value of

"E

voltage change anl.

IV. CONCLUSION

Geometrical interpretation allows basing the dé&bni of
operating regime parameters. The concrete kindradfit
and character of regime determines system parasneter
arbitrary expressions are excluded.

Obtained expressions are generalized for two oemor
loads. From the methodological point, the presented
approach is applied for a long time in other sdfient
domains, as mechanics, biology.
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