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A MODEL AUTOMATIC CONTROL SYSTEM,
APPLICABLE TO A HELIOQOTROPIC
TYPE LOCATOR AND TBRACEER

BY : P.C. STEFANIDES, B.Sc. (ENG.) LON (HOWS),
GRAD. (ENG.) N.T.U. ATHENS,
H'FHIIIE'FE'l.' BlHlEfs'r T'EFE'

INTRODUCTION
4 deslign of a model system to locate and track the sun is
heing here presented.

The system, incorporates, Logie functions, to process
optical signals and special kind of "VECTORIAL DIFFERENTIAL"™
amplifiers.

The primary purpose of this system is to orientate a solar
collector, with AZIMOUTHAL trawting freedom of 270° and
ALTITUDINAL 90°.

The concept of the tracker control, is based on the idea,
of combining a signal indicating the direction of the

sun rays, within one solid angle of guarter hemisphere,
at a certain locuf, with a signal, indicating similarly,
guarterly, the relative angular displacement (or error)
between the suns rays direction and the trackers orienta-
tion in a horizontal plane.

According to Fig. 1, the direction of the sun rays, may be
within one of the angles A, B or ' at any time of the dav
(4 being the night region). This set of angles is Eixed.
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Similarly, the direction of the solar collector system, at
any time, with respect to the sun rays direction is defined
by angles A", B”, ", 4. This set of angles is rotable
(270%) , according to the vertical shaft rotation.

(Fig. 2 shows the model tracker system).

SYSTEM DESCRIPTION

Fig. 3 shows the block diagram of the control system.
Optieal senscrs, within angles A B4 and A7,B7,I7,47 (of Fig. 1)
give optical signals; which in turn are being amplificd
differentially, and logically processed in the logic
circuit unit.

Further, a relay system, is being energized to act as a
polarized relay and drive the D.C. Motor which in turn
controls the solar panel.

The relative error between input and output (&68) gives
rize to a differential voltage (Su), (Fig. 5) which in
turn activates the pelarized relay to give as out put
+W, =V {and zero, corresponding to the dead rone condi-
tion) .

The motor, is then polarized, accordingly {th} function) .
In Flg. 4; N indicates the non-linear function system and
G the linear function of the system.

Fig. 6, shows the applifier, designed to differentially
amplify the optical signals. One photosensitive slement
{photosonductor or photodiode), is connected between
ground and one input, and three, parallel connected, si-
milar elements, between ground, and the other input to

the cperational amplifier.

Each one of these four elements are housed within one a{

four 90° partitioned,
Solid angles (guarter hemisphere) .

125



Sixteen such elements, are regquired, for the clear defini-
tion of the statas of the four angles, A, B, I', &4 as thea
output of four (O/A) cperaticnal amplifiers.

Similarly for the angles A", B™, I'", b:{phﬁtncunductﬂr%-
In Fig. @ O/A withwwill go to state I, if photoconductor
A iz lighted more than the others.

If any, of the rest three, parallel connected, photo-
conductoriis lighted (differentially) more, then the
state of the output of the O/A will go to 0.

Fig. 7 and B give a more explicit idea of the control
gystem as block diagrammes.

Fig. 9 and 10 show the printed circuit of the logic

processor unit and Fig. 11 and 12 the printed circuit
of the motor drive control unit.

HORIZONTAL MOTION

CIRCUIT ANALYSIS

By drawing in a "CIRCLE" four guadrants (A, B, ', 4) we
represent the Horizon of a place at the Centre of which
lies our Collector.

The night region in which the collector is not allowed to
move is 90°.

By drawing on a transparent sheet another “CIRCLE" with
four quadrants A", B™, ', 4”7, we may soO, represent our.
collector which must be oriented in such a way that the
sun is between gquadrants B” and I'".

Then we place the transparent sheet with the "CIRCLE" A~,

B®, I'", A" pn top of the "FIXED" CIRCLE A, B, I', & in
the following instances :
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2)

B”,

al

b)

cl

d}

e)

£)

aj

k)

&)

d)

a)

£)

r'" within I’

The sun is facing

The sun is facing

The sun is facing

The sun is facing

The sun is facing

The sun iz facing

" within B

The sun is facing

The sun is facing

The sun is facing

The san is facing

The sun is facing

The sun is facing

I-ql'
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ROTATION

CLOCKWISE
ROTATION

CLOCKWISE
ROTATION
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ANTICLOCKWISE
ROTATION

ANTICLOCEWISE
ROTATION

ANTICLOCKEWISE
ROTATION

CLOCKWISE
ROTATION
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3] B7, ' within A

a}) The sun is facing A” and ' ANTICLOCEWISE
ROTATION

bl The sun is facing A" and ' ANTICLOCEWISE
ROTATION

e¢) The sun is facing 47 and B ANTICLOCKWISE
ROTATION

d)] The sun is facing " and B ANTICLOCEWISE
ROTATION

¢} The sun is facing M and A ANTICLOCEKWISE
ROTATION

£) The sun is facing B” and A CLOCKWISE
ROTATION

The apove sets of combinations minimize to the following
functions ("AND" functions) CLOCEWISE ROTATION :

NaX” BuB%y A, BihT; BuBT, PiBRT
ANTICLOCKEWISE ROTATION 3
Kl B P B Tk TP Pl

A clrcuit is drawn consisting of two loops (Ref. Fig. 1}.
The first loop iz energised whenever any one of the A or

B or ' relays is closed and the stop switch N is closed,
(A=ar’) .

The first loop; when anergised, polarizes the motor for
clockwige direction of motion. If the conditions are such
that any combination of the AND/OR gates allow current ko
pass through relay coils K and A, then,; the motor cont&cts;
change to ¥~ and A” and now the motor is reversely pola-
rized, i.e. for an anticlockwise direction of motion.
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IMPLEMENTATION

Gate implementation, involves clockwise and anticlockwilisae
functione, in order to immobilize system in case of
extrinsic erroneous signal.

VERTICAL_ MOTION
Vertical motion begins when the horizontal stops.
Functions here are very simple (up and down Eﬂa}.

APPLICATIONS

e .

Many good applications of this system derivatives are
contemplated, when refined systems/instruments are
designed on the basis of differential light amplifi-
cation such a5 spesd measurements (ds/dt), acceleration
of motion (du/dt), counting e.t.c.

Further the idea may be applied to other sources of
enardy, given the appropriate "sensors® within appro-
priate "shadows".

CORCLUSIONS

From the experience obtained up to now with this system,

it seems, that, it is the right time to start developing
a manufactured prototype, say for a pilot project.
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Z)

3)

OCT. 1982

SCIENTIFIC PUBLICATION OF THE SOCIETY OF ELECTRICAL
AND MECHAMICAL ENGINEERS

EHERGY CONSERVATION

P.C. STEFANIDES article,

Pages 114-117

20-22 OCT. 1982

Proceedings of the FIRST NATIONAL CONFERENMCE ONH
"PASSIVE SOURCES OF ENERGY",

Abstracts of Interventions,

P.C. STEFANIDES,

Page 143

6=-8 MOV. 1985

SECOND NATIONAL CONFERENCE ON "PASSIVE ENMERGY SOURCES"
({Institute of Solar Technolegy) University of
Thessaloniki,

P.C. STEFANIDES,

Paper in Volume (A), Pages'389=396

PRESENTATIONS - EXPOSITIONS

1)

2)

3)

ATHENS HBILTON - 4 FEB. 1983

Exposition and Ceremony of awards of the Hellenic
Soclety of Research and inventions (H.5.R.I.).
Silver Medal "ARCHIMEDES", Presented by Minister of
Research and Technology Mr. LIANIS.

International exposition of THESSALONICA 1984 by EOMMEX.
TELEVISION EPT -1, System presentation on the 16 of

Sept. 1984, the final day of the Thessalonica
exposition.
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4) ATHENWS HILTON - 22/23 MAY 1984
Expoasition participation and presentation, at the B
Eemina¥ of solar energy of EREEHE/EAETHAEN.

5) ‘THESSALONICA - &/8 NOV. 1985
Exposition of the second National Conference on "PASSIVE
ENERGY SOURCES",; of the Institute of Solar Technology
(University of Thessalonica).

6) EAKENA - ATHENS Presentation = & DEC. 1385

7} TELEVISION EPT =2, 12 DEC. 1586
FPROGEAMME "INVENTIONS™

B.C. STEEANIDES _INVENTIONS
1) 69.349
2) 71.013
3) 71.494
4) 71.495
5) 72.575
6) 73.966
7)  B50.781

Almost the whole of the above work invelves light
iradiation) location and tracking.
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