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THE INVESTIGATION OF EQUATION AND ALGORITHM OF THE
MIRROR CONCENTRATING SYSTEM MOVEMENT

Abstract. For optimal control of the mirror concentrating system the automated control system of heliostat
identified for its possible errors. The equations of motion are considered tracking object, taking into account the
geographical coordinates of the mirror concentrating system, the real situation of axes of rotation and accuracy is
characteristics of the rotary support.

There are analyzed equations of mirror concentrating system motion on the basis of which it was concluded that
motion algorithm must necessarily take into account the mirror concentrating system non vertical (the exact vertical

position of bearing) azimuth (stationary) axis of rotation or @and y angles describing the angle of the axis of

rotation relative to the vertical space.
Keywords: automatic system, mirror concentrating systems, vector, coordinate system, heliostat, rotation.

Introduction. Most of the objects tracking can be divided into two types: the first type are
objects that are moving relative to the Earth (airplanes, spacecraft, earth, moon) in its field of
attraction; the second type are objects on the celestial sphere, apparent motion (Sun, stars). The
difference between them is that the first types of movement are determined by the characteristics
of the object itself, the second movement types defined by the law of motion of the Earth around
its axis, the movement of the Earth around the Sun and the Sun in outer space. Great distance
from the Earth to the stars, cause that tracking of the Sun or other stars should in principle is
carried out according to the motion of the Earth around its axis. The equations of motion of the
Earth are quite complicated, due to precession, and nutation of the Earth's axis of rotation.

There are known different approximation equations of motion of the Earth, by tabular in
astronomy and approximate analytic equations [1-6].

Approximate analytical equations define the daily law of motion of the Earth (it is assumed
that the decline permanently) or the apparent movement of the Sun around the Earth. These
equations are simply transferred to the local geographic coordinate system (CS) (one of the axes
is directed along the vertical space). To determine the feasibility of the algorithm for motion
program control of mirror concentrating systems (MCS), it is necessary to assess its probable
error. The automated management system heliostats (AMSH) may include the following errors: -
error of determining the base (label) - Ay (independent error includes the pointing of the reflected
beam on the receiver - Ano, the error of the angle sensor EDI- Any), error of the gear - Ap and
manufacturing errors and placing the axes of rotation MCS - Ap and errors of law of motion of
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the object Apm. These errors result duringthe software control of MCS to errors in the orientation
of MCS in azimuth A and Zenith Ay,
Aa=Ap—A (1)

An=hp-h, (2)

where A, Apandhp, h — valid (with respect to the real axis) and calculated (relative to the local
CS) azimuthal and zenithal angles of rotation of the hub.

There was analyzed the equations motion of object tracking (in particular, the Sun) according
to the geographical coordinates of the MCS, the real position of the axes of rotation and accuracy
characteristics of the rotary support. The relationship between the angular position of the Sun,
MCS and its mode of operation (direct tracking of the Sun, or the direction of the rays to a given
receiver) occurs through the vector reflection equation [7-10].

n=(b+c)/ [2* (1+b*c)]*>, (3)

where, the vector n determines the angle position of the MCS. For clarity, in (3) with the unit
vector that defines the position of the Sun, directed to the Sun, the unit vector b determines the
position of the reflected beam is directed from the MCS to the receiver. If the vectors ¢ and b are
given, then from (3) is uniquely determined by the position of the vector n or the MCS position
in space. When looking through the optical sensor (incident or reflected beam of the Sun) needed
in the equation and its solution fall away. For automated control of equation relative angles of
rotation of the MCS (of heliostat)must be represented in explicit form.

The research part. The equation (3) shows that the position of the vector n in space or
orientation does not depend on the type and scheme of the axes of rotation (equatorial,
azimuthal-zenithal, etc.). However, it is obvious that the position of the rotation axes depends on
the projection of the vector n or the angles and the angular velocity MCS (heliostat). Therefore,
in order to specify the equations of motion of MCS, its axis of rotation must be specified. And to
solve the problem, the laws of transformation of vectors b and c in timeobviously must be
known.

The denotation ofthe main parameters have characterized the position of the hub on the
surface of the Earth and the basic coordinate system of the task (Figure 1).

(North) e s

0)3"'""

4 (Vertical space)

. . T, T (East)
The plane "visible" the

daily movement of the Sun L _O

The plane of the Equator

Figure 1 - Position of the hub on the surface of the Earth

— ) ——
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Figure 1 shows that there are two main systems of coordinates — equatorial (CSg), which
determines the “visible” position and movement of the Sun in space depending on the location of

installation of the hub on the Earth's surface — latitude ¢ and longitude A, (if the reference of the

longitude is relative to the local meridian it is obvious A = 0) and local coordinate system (CSy),
which determines the orientation angles of the Sun, hub, and the reflected beam on the ground.

Because of the distance to the Sun, it is believed that the centers of these coordinate systems
coincide. There are considered the equations of motion of MCS taking into account factors such
as the inaccuracy of placing the axes of rotation. There are practically not considered the problem
of the influence on the movement MCS inaccuracies of the position in space of the azimuthal and
zenithal axes of rotation of MCS. Taking into account the method proposed in [8] - application of
the matrix of rotations in general case of the problem is considered.

To describe the vectors ¢, b, n the following coordinate system (CS) are presented:

“equatorial” - CSg, with the direction of the axes O - to the South, Ong - on East and O Cr
- along the axis of rotation of the Earth (Figure 2);

"local" — CSy, with the direction of the axes Of to the South, On - East, and OC - vertical
space (figure 2);

"initial" — CSy, the coordinate system that defines the initial position of the axes of rotation
relative to the CSy, with the directions of the axes OZ - stationary or azimuthal rotation axis, OY
is movable along the "zenithal" of the axis of rotation and OX so directed that it forms with the
axes OY and OZ right coordinate system;

"connected" — CSc associated with the hub or its central normal n, the axis directions OXy —
normal hub (heliostat), and OYy and OZy form OXy right cartesian CS.

In the initial moment of time, CSy and CS; are the same. These two CS, in general, is
sufficient for the analysis of the kinematics of the hub and in the general case, when there is an
"inclination" of the horizontal axis of rotation at an angle of . Thus, even with the y formally,
we can apply the same sequence of transitions between the CS, or

10wy, a,p
CSg— CSL —»CS;— CSu 4)

Where v, 6, v, y, a, B - the angles of crossing between the CS (Figure 2). It is noted that in
contrast to [9-12], corners 0, v, do not characterize the directional inclination of the vertical axis,
and the inaccuracy of its position with respect to the vertical.

As can be seen in contrast to (1) the need to consider the more general case, account for the
angular inclinations of the horizontal axis of rotation about a vertical axis of rotation of the hub
(heliostat). In this scheme, the transition between CSy and CS;, which includes the angular
deviation of the horizontal axis of rotation is advantageously carried out in the form of a single
rotation of the horizontal axis of the MCS at a constant angle .

For the algorithm of the movement of mirror concentrating systems, in principle there is no
need in detailing the schemes of transition or angle of crossing between the CS, however in
practice it matters because you need to snap these angles to possible bases of reference and to
take into account the native playback capabilities of the corners, large 90°. There is assumed that
a positive reference angle is clockwise, the other samples will be discussed. In view of the
general schemes, transitions CSg— CS;—CS; will remain unchanged. Thus, the subject taken in
[5,8,9] of the rules of rotations, transitions between CS are of the form (Figure 2).
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Gl
5] Wy Z (Fixed axle)

(Vertical space)

<z

n. N (East)

(South) E

Figure 2 - Scheme of the transition from CS; to CS;

There are presented briefly these transitions. The transition from equatorial system CSg to
local CSytaking into account that y = 90 - ¢ is the following:

"direct transition" "reverse transition"

CSg—» CSp CSL —» CSg
Sk N Sk S n g
éf sin @ 0 -cos (0 5 sin @ 0 cos %)
E
n 0 1 0 n 0 1 0
E
é’ cos 0 sin @ é"E -cos @ 0 sin @

The transition from SCy to SC; (figure 2) connected with the vertical axis of MCS (heliostat)

it is necessary to consider that in this case the angles 6 and y are small (determine the actual
position of the vertical axis of rotation relative to vertical), or

"direct transition" -CS;, — CS;

S U ¢
X 1 0 0
Y 0 *\V 1 -y
V4 .0 \ 1
The following is correspondingly obtained:
"reversetransition" — CS;— CSp
S 7 ¢
X 1 0*y )
Y 0 1 siny
Z J2] -y 1

(6)

(7
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There is considered the scheme of transition from CS; to SCytaking into account the angle of
inclination of the horizontal axis of rotation at an angle of y (figure 3).

Figure 3 - Diagram of turning angles from CS; to CSy

There is the following matrix of transition between CS; and CSy from figure 3.

"direct transition"-CS; — CSy

X y z
XH cos & *cos B -sin & *cos [ sin [ *cosy, (8)
Yu sin & *cosy, cos X *cosy, -siny
ZH -cos & *sin [f sin & *sin 3 cos 3 *cosy,
"reversetransition" — CSy — CS;
XH Yu Zy
X cos & * cos B sin & *cosy, -cos & *sin [ 9
y -sin & * cos [§ cos & *cosy sin & *sin 3
z sin 3 *cosy, -siny, cos 3 *cosy,

Since all these matrices are singular, then the reverse transition is realized by simple rotation
matrix elements around the diagonal of its left diagonal. It is noted that the angles of rotation of
the hub (heliostat) - o, B must be found from a solution of equations, usually given are the vector
of incident solar radiation and its direction after the reflection, or the vector b. There are various
ways of determining rotation angles a, P — spherical triangles, the scalar product, the
trigonometric functions, but the easiest way is the definition of rotation angles from matrix
equations in [6] is stated. The essence of the method concluded in the following: the position of
the vector n in the two systems of coordinates, then transition matrices of the resulting joint
system of equation for determination of angles of rotation of the hub o and B in the rotation axes.

Results and discussion. This scheme is applicable for determining the angles of rotation of
the hub. The first go the vectors b and ¢. When using the matrix of transition between CS these
vectors, it is desirable to determine in the CS, where their representation is most clear and simple
[14-16]. So for the vector c is equatorial CS (figure 4), from which it follows that in CSg

— 85
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Coqp=COSA*C08F; ¢,y =-sind*c0sF; cyy=58ind; (10)
whereA - width of the Sun, is
/1 = a)Earth *t (11)

where w,,,,, - angular velocity of rotation of the Earth and t is the time of day, measured from

noon 9 - longitude of the Sun.

» I3 (East)

]-I', T-Ill

&s  (South)

Figure 4 - Definition of the components of the unit vector of the Sun in the equatorial coordinate system CSg

The unit vector of the reflected beam b is conveniently set in the CS; and its components,
such as peer - to- bg, by, be.
Translate in CSy and the vector ¢, using the transition matrix

c.=cos A *cosd *sing - sino *cos g
¢,= ¢, - sind*coso (11)

n

¢, = COSA *cos O *cosp +sind *singp
the components of the vector n in the CS;. are equal,

n. =(b:+c,)M; n,=(b,+c,)M; n, =(b,+c, )M, (12)

where, for brevity, denoted by M = (2*(1+ bc))™. Further, from matrix, the smallness of the
angles 6 and v is given, that the components of n in CS; is equal to the next equations:

ny=n,+n, *0+n, *6
ny=n,*0*y+n,—n, *ny (13)

n,=-n,*60+n, *y+n,
— 86
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On the other hand, from the CSy, we know that in CSy components n is equal to: 1, 0, 0, or
turning them into CS; with matrices the next equations are obtained:

nX* = cosa*cosf
ny = - sina*cosP (14)
ng = cosy *sinf3

Since it is one and the same vector, the left parts of (13) and (14) are equal to

*
nx = nx
HY:IIY* (15)
nz==nz*

whence, it follows that the right parts (13) and (14)must be equal, or get a system of three
equations:

cosa*cosf=ny, =n,+n, *0+n, *0 (16)
—sina*cosf=n, =n, *0*y+n, —n,*ny (17)
cosy*sinff=n, =-n,*0+n, *y+n, (18)

Given that the angle of 7y horizontal axis relative to vertical is constant, from (17) the
expression for the angle of rotation of the MCS around the horizontal axis 3 is obtained,

B = arcsin(n,, / cos y) (19)
and for the "azimuth" angle MCS around the vertical axis of rotation a
. 2105
a= arcsm{— ny, /([1 —(n,/cos y) ] } (20)

In the particular case when y = 0, at the expression is obtained as (1) equation.

Conclusion.

Thus, from the analysis of the obtained equations of motion of MCS it can conclude that the
algorithms of the movement MCS to consider nevertheless (the exact vertical location of the
support) azimuthal (fixed) rotation axis, or the angles 6 and y characterizing the angle of
inclination of the axis of rotation relative to the vertical. Also,it was noted that the influence of
the angle of inclination of the horizontal (zenithal) axis of rotation on the equations of motion is
negligible and may be ignored. In general, from the analysis of the equations of motion of MCS,
it follows that the equations of motion of all stellar bodies (except satellites) will be the same and
in fact are determined by the equation of motion of the Earth. This means that software control of
the orientation of the MCS at the Sun or any other star will be the same.
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A. Myca0exoB, A.Capubaes, C. Kypak6aeBa, A. Kan6aesa,
C. Ucmannos, @. Careidaaanesa, H.MycabexoB, T.Ay6akupoBa

M.Oye30B aTbiHnarsl OHTYCTIK KazakcTaH MEMIIEKETTIK YHUBEPCUTETI,
[IsivMkeT, Kazaxcran

AMHA HOFBIPJIAHJBIPYLIBI )KYHEHIH KO3FAJBIC
TEHJAEYI MEH AJITOPUTMIH 3EPTTEY

AHHOTanusi. AWHa UIOFBIPJIaHABIPYIIBI JKYHEHI OHTaiuibl Oackapy YIIIH OHBIH MYMKIHIIK KaTeJiKrepi
aBTOMATTAaHIBIPBUIFAH TeJIMOCTATTHl 0Oackapy >KyHWeciHJe aHbBIKTanAbl. AWMHA IIOFBIPIAHIBIPYLIBI KYHECiHIH
rerpadUsUIbIK KOOPMHATTHI €CKEPE OTHIPHIN, HBICAHAHBIH 131HE TYCY KO3FaJbIC TCHICYi, aliHamy OLTIriHIH alKbIH
OpHAJIaCybl KaHE TipeK-OYPBUIBIC KYPBUIFBIHBIH JAJIAIK CUITaTTaMallapbl KapacThIPBUIABIL.

A¥iHa HIOFBIPJIaHABIPYLIBI )KYHEHIH allbIHFaH KO3FaJIbIC TEHJIEYJIepi OHBIH KOPBITHIH/IBICH HET131H/Ie JKacalFaHbl
TanfaidFrad. AWHa HIOFBIPIaHABIPYLIBI JKYHEHIH KO3Falblc aJTOPUTMIHJE KeJleci aTtalFaHaapibl MIiHAETTI Typle
€Cellke ally KepeK: TIKTIK eMecTiK (OHBIH TIKTIK TIPEKTIH OpHajacybl), a3UMYTTTHIK (KO3FaJIbICCHI3) aliHay OuTiri
Hemece 0 sxoHe  OyphITap O1pKelKi TiK OpHBIHA aiiHaly OLIIriHiH KeJ0ey OYpBIIIbIH CHIIATTAYILbI.

Tyiiin ce3mep: aBTOMATTHl )Kyiie, allHa LIOFBIPJIAHIBIPYIIBI JKYHe, BEKTOp, OIpiKTIpy XKyiieci, remuocrar,
aiiHaiy.
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IOxH0-KazaxcraHCckuil rocyJapcTBEeHHBIN yHUBepcuTeT nMeHn M.Aye3osa,llIsiMkenT, KasaxcTas.

HNCCJIEJOBAHUE YPABHEHUS U AJI'APUTMA JTBUKEHUS 3EPKAJIBHOM
KOHIEHTPUPYIOIIEU CUCTEMbI

AHHOTanus. B aBTOMaTH3MpOBaHHON CHUCTEME YINpaBieHHUsS TeIHOCTaTOM Ui ONTHMAJIbHOIO YIPaBICHUS
3epKalbHOM KOHLIEHTPUPYIOIIEH CUCTEMON ONpeAeneHbl €€ BO3MOXHBIE MOTPENIHOCTU. PaccMOTpeHBl ypaBHEHHs
JIBIDKEHUSI OOBEKTa CIIEKEHUSI C y4ETOM Teorpauyeckux KOOpAMHAT 3epKaJbHOW KOHIIEHTPHPYIOIIEH CHCTEMBI,
pearbHOrO MOJ0XKEHUS! OCEH BpallleH!s U TOYHOCTHBIMU XapaKTEPUCTUKAMK OIIOPHO-IIOBOPOTHOIO YCTPOUCTBA.

[Ipoananm3upoBaHbl NOITYYEHHBIE YPAaBHEHHS JIBIKCHUS 3€pPKaJIbHOW KOHIEHTPHUPYIOIIEH CHCTEMBI, HA OCHOBE
KOTOPOTO C/eNaH BBIBOJ. B anroputmax ABMKEHHS 3€pPKaJbHOM KOHIIEHTPHPYIOIIEH CHCTEMBI HEOOXOANMO
00513aTeNbHO YUHUTHIBATH CIENYIOUIEe: HE BEPTUKAILHOCTH (TOYHOE BEPTHKAIBHOE PACIOJIOXKEHHE OIOpPHI)
A3UMYTAJIbHON (HETIOJBIKHOM) OCH BpAIIEHHUS WM YIIIbI O My, XapaKTepH3yIOIIHE YroJl HAaKJIOHA OCH BPAIlCHHS
OTHOCHUTENBHO BEPTUKAIN MECTA.

KnaroueBble ci0Ba: aBTOMAaTHuYeCKas CHCTEMA, 3€PKajbHas KOHLEHTPUPYIOIAs CHCTEMa, BEKTOp,
KOOPJIMHUPYIOIIAs CUCTEMA, T€INOCTAT, BPAIlICHHUE.
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