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TECHNICAL MEMORANDUM

SOLAR TRACKING CONTROL SYSTEM "'SUN CHASER"

. INTRODUCTION

The utitization of solar energy from solav collectors has crented a need
for a simple and relinble solar traching control systom that can loente and track
tha Sun's position and consequently point concenteating typo golar colloetars
towavd the Sun in the presence of all normal almospherie conditions such as
clenr, haze, eloudy, and pacily cloudy skies. For maximum efficlency solav
collectors should remain Sun oviented through any iype of atmospherice condition.
Other oxisting solar tracking control systems do not adequately follow the Sun in
clondy orv partly cloudy weather and thus the pexformanee of the colleeting systom
has not operpled as efficiontly ns expected.

The purpose of this report is 1o deseribe a simple solav tracking contral
systom called the M'Sun Chasor!! designed to polnt toward the Sun i clear weather
and 1o point it the neav vicinity of the Sun when it Is obseured by Nm!d& or haze.

11. APPLICATION

The Sun Chaser components congist of a silicon solue cell Hght sensor
module, a solld-state clevtranic control assombly module, and mn clectrie motor
Wi 1) The purpose of the Sun Chaser is to detect the sunvise, to initime
cither tracking or pointing commands, to activate n motor, and to initiste a
reset (h‘l\'(‘ command at sunset, Tracking Is defined as following the Sun's
apparent movement by sensing light divectly fram the Sun genevaling an error
sipmal, und mechanienlly deiving the sensor fn smail diserete stops to reduee
the error to zoro, TS in ossence locks the sensor onto the Sun position,
vointing is defined as the capability ol tho Sun Chaser control system to follow
the Sun position, even though obsetred by elouds, utilizing timing pulses approxi--
mately the same duration as the tracking pulses used to deive the sgetom, but
with less necuracy than when teaeking, Tointing is obtained by means ol signals
generated by an internal pulse generator, ‘The solar flux level divtates the modoe
ol oporation, f.¢., tracking, poluting, or nighttimo reset Is seleeted basoed on the
instantancous lpht intenbit\ on the solar sensor colls, The Sun Chaser was
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designed specifically to provide the drive control logic and voltages necessary
to maintain an nccurato Sun ovientation of tracking solar collectors and may be
used in any solar tracking application with the following requirements:

a) Automatically nequire and track the Sun with an uocnﬁwy of typleatly
0,25 deg.

b) Continual awtomatic pointing toward the Sun even though the Sun may
be ahscuved by clouds or haze with automatic rencquigition to the Sun tracking
mode when the Sun is not obscured.

¢) Automatic nighttime "reset to east't capability,

The Sun Chaser may be utilized to track the Sun in either clevation or azimuth,

111. DISADVANTAGES OF PRESENT SUN TRACKERS

Sun teackers presently used inelude solar eell sensors, clectronic cir-
cuitry, and electric motors, These trackers are gencrally similar to the Sun
Chaser deseribed horein,  They perforny well in vory clear skies with n bright
Sun, but will not continue to point toward the Sun under eloudy conditions, A
wide field-of-view (FQV) of approximately 180 deg is necessary on these Sun
trackers beeause they arve continunlly acquiring ovr reacquiring the Sun {ollowing
n period of haze or cloud cover, The vequired wide FOV mankes the sensor overly
sensitive to viriations in scatfered light levels, espeeinlly from bright clouds
within its FOV. 'T'his characteristic can eause the tracker to nequire and track
the cloud and especindly to ba led nway from the Sun by a cloud that has passed
the Sun (i, 0., the Sun track gives way to a cloud track). These trackers will
nlso nequire and track holes in cloud coverape,

IV. MODE OF OPERATION

A. Sun Sensor

The §:m sensor consisls of two 0.5 % 1,0 cm silicon solar ¢ells nmounted .
in an enclosure and positioned in a plane normal to direct Sun rays when the
sensor is being used. The cells are positioned on cach side of a portition under
translucent windows (Fig. 2). The translucent windows ave sized and positioned
over the cells to form the acquisition and tracking apertures of the detector,
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The sensor module s desipued o peepive diveet sunlinht on oAty oneshall the
aren of vach voll when the SOIROL iR centerod an the Sun while the other halt ul
ench coll fs shindowed, A the densor ix ltody v an the Suy Nves westwand,
the exposed areg of the Wost eell e reases i e east eell devicases siwul-
timeonsly, Phis wea vhithpe ix divecty praparifonal to the amular movement
of the Kun, The arvangewent of the vells dostamed to ulitain g Hnear nutput ta
VA dey Sun angle,

A rolav coll 1 o enpont Benerating - deviee and i VUt [ Popattional

to the eaposod aveq v the Hipht Vs on te ared. . The voltgges senw the colis

are a nontinese fnetion of the Tt Intensity, wd, i, these cuvrents must by
converted to voltages toy the dovices fu be nwedd as Hnoar light position HensoPs,

n this system, the vonditioning of the Carvent is done by foput amplifiers Al and
A (g, 3), . _ : a -

The sensor modute iy desipned o voveive anly fneidont ighe, el Top _
purpuse ol dequisition, the window vpening w sueh that w 1a dey Bun angle (away
from the plane of the paretition) wil S fpine oy oo poereont ol the vespeptive
coll arven, A turthey inerease in Suy angle will devronse e wiron until at 210 deg

the coll will e totalty shadowed,
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Figure 3. Sun Chaser solar tracker electrical schematic.
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RRBCEDING PAGE DLANE Ko

The greatest angle required for acquisition will occur hotween the time
the morning light passes the daylight threshold and the time the flux intensity is
high enough for acquisition and track to begin, This time can range from a few
minutes (very clear early morning light) to all day (no Sun), Normally o full
day of pulsing (no sequlsition) will create less than a 6 deg error angle. This

will be n function of the winter/summer temperatures und its effoct on the
repeatabllity of the drive system.

The inside of the module is black to increase tho sensors sclectivity to
incident light, Scattered or nondirectional light raises the level of the sensors
outputs but eannot be used in direction determinations. Sincc the magnitiido of
the iipht is used to deterniine the mode of operation, it is important that the
scatiered Jight be kept to a minimum, The small apertures reduce the scattored
Heht effont trom bright clouds near the Sun. This type cloud in the vicinity of
the Sun can crento an unbalance in the sensor output which would result in
“erroncous pointing if the electronie ¢ircult did not mcamaiac unc! discriminate

against these fulse tarvgets (Section [V,B),

_ The outside of the module is white to reduce the Sun's heat on the module.
Silieon cells were chosen for their wide light bandwidth and tholr stnbility in
extreme temper atur¢é environments,

The cell sizes ware chosen because of their commercial availability and
because they are the Inrgest size a standard operational amplifier (LM 741) can
load into. (The cells are power gonerating devices. )

A clear window material is used as a cover to the enclosure to protect the
wiring and Lo prevent atmospherie contamination of the cells. This window ean
also he a polarized or infrared filter to increase the light wavelength seleciiviiy
of tho cells.

B. Electronic Con._trol Assembly

The clectronic control circuitry module (Fig. 4) contains microclectronic
components {amplifiers, comparators, oscillators, and T'T'L logic gates)y two
- solid-state relays (TTL to 115 V, 60 Hz), power supply (115 V, 60 Hiz to 45
Vde}, printed circuit board, and miscellancous components (resistors, diodes,
capacitors, wires, and fuses) integrated together to perform the foliowing
functions: - '

1) Condition the .sol.u' cell output sigmlls to compatible lovels and
lincarize the volhg,c for the rest of the assembly. : :
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- incident on the full aren of cach cell; i,e., VO |

2) Determine when the sensed light levels arve for a nighttime, a cloudy
or haze daytime, or a bright sunny condition and Initinte necessary correspond-
ing commands. For example, when the light level on both cells drops below a
predetermined level indicating night, the circuit initintes n “'reset to cast' drive
command, When the light intensity rises above the night threshold (indicating
low=daylight}, the circuitry responds by generating a timing sequence in which
the motor s pulsed in approximately the same timed intervals as though tracking
the Sun, When the sunlight on both cells increases to a track level (high-dnylight),
the cirenit changes to a linear drive state and the system will drive enst or west
until Sun acquisition is attained and then pulse periodically us necessary to track
the Sun thereafter. The circuitry will create drive comminds only as hocessary
to maintain an error angle less than 0.25 (typical) deg between the tracker and
the Sun and will not track cloud movement,’

C. Circuit Operation

The signal conditioning ampiificrs Al and A2 invert, linearize, and
ampliiy the solar cell outputy to levels compatible with those necded by the other
eircuit function?. This fs done by seloceling the feedback resistor (nf) to give

the desired . 4nié voltage swing (VO) for the greatest anticipated solar flux
cenl R (Fig. 3). Sinco the
amplifler must deliver the cell current (Iccll) through the fecdback resistor R‘I’
the amplifier and its power supply must be chosen to ndeguately handle the power
generated by the cells Lo achieve linear oporaiion. The 0.5 % 1,0 em cells were

the largest silicon solar cell area recommended te be power compatible with
conventional operational amplifiers of the LMT41 type. '

The outputs of Al and A2 are each fed to three circuit functions: (1)
sunset detector (SSD), (2} intermediate light detectors (TLD), and (8) linear
differential tracking civeuit (LDT).

~ The 88D cireuit is n dual comparator conneected to compare the lincarized
ceoll voltages, VQ, of each cell with a lixed voltage level, The [lixed voltage level

(approximately 10 mV) simulates a level of lipht representing sunset or nighttime,

The dual comparators are comnected in o muanner that requires light levels on both .

solar cells to be below the threshold for the output to go into a high voltage state,
When this condition is met, a constant cast molor drive is initiated through the

~ solid-state power relay and all other circuit functions arve inhibited by the TTL

e i, s
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"NOR'" gates., The motor then drives the collectors and sensor back to the east
di rection until a2 mechanical nctuated/limit switch opens the motor circuit,

The systom is then in a "'sunrise’ ¢clentation. There {8 also a mechanical
limit switch on the extreme west side of the drive to open the clycuit and stop
the west drive at about the sundown position for safety purposes,

The ILD circuit is activated when the light intensity is above night and
below a high daytime intensity, When the morning light increases above the
toggle point of the SSD comparators, its output changes state (back to low) and
the normal low daytim= ILD threshold is passcd, At this time both sensors aro
below a light level reguired for track and ave, thus, in the area designated as
"intermediate." In this area, the ILD circuit inhibits the linear west and night
drive signals and releases the pulse gencrator output to the west drive motor
relay., The motor will be pulsed by the intornal generator at essentially the
samo rate (Earth's rate) as though it weve locked to the Sun. This will con-
tinue until both cclls are recciving tr'acking level incident light. At this time
(day high), the ILD circuit output goes to a high state, the pulse generator
output is inhibited, and the linear drive inhibit is relcased, Since the Sun will
be well within the acquisition angle of the detector, the system will then drive
in the dircction (east or west) necessary to acquire and null on the Sun, The
circuit will continue locked on the Sun unless interrupted by clouds or nightfall.

In the LDT operation, the motor drives in pulsed intervals. The circuit
is designed to pulse only long ehough to veduce the error voltage to zero and,
consequently, the Sun errvor to zero. The off time, which is a function of light
intensity, represents the time it taokes the Sun to move approximately 0.25 deg
and is approximately 1 min, The circuit has hysteresis to optimize the mofor.
on/off time to prevent rapil on/off cyeling and unnecessary wear on the motor,
Since the comparators are comparing the light level of both cells simultaneously,
the system discriminates against following a bright cloud that may pass the Sun.
This occurs because the passing cloud may cause one cell level to drop its
output below the ILD threshold and, thus, will couse the system fo instantly -
change from a tracking to a pointing mode. In this mode the motor is, as stated
previously, time-pulsed westward until the clouds are 0"’:11 of the Sun.

D. Power Supply ani Motor

 The 115 V, 60 Hz power circuit consist of TTL logic and compatible
solid-state Lelays sized for the motor load., This type relay was chosen due to
the large number of on/¢ff power switches to the inductive motor load.
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The ap motor fy sived for lond roguirament wwt ite nbtlity to oporate in
outside winter Simer anv ronmont,

i

Wide letperatire ranpe [intl gpop) electronle cimponoits st by
selectod if they are to bo vperated in an tutside uncontrolled ompartue
ehvironmont,

V. TESTRESULTS

Figure & showi o typleat response of the Sun Chugor continl syatom tn
Both elear mut olady conditions,  Cluied 1 seprosents selae Intensity,
Channel 2 the difforentinl e erer signal from the solar sensor, and Channel 8
the pulsing or command Lo the eleetrie motor whiel is potoratod by u thindng
pulse o by the error siigmb. "The daty for the figure were taken on Muy 24,
107 In the aflornoon, i+

Noto the peviodie arvor shymi to the extrewe Tefl and daht of the chat
on Channel 3 This corresponds o high sobie nfonsity {sv0 Cliamel 1), Lo,
no elouds over tho Sun and the conteal gystem In (e teaekiy mode,  The aves
n betweon judientes mostly low solue intenstty, clonds covertne e Sun, which
s recognizod by the Sun Chager and the pofnting mode takes over, I the pointing
mude, the timtng pulsos continue to pobnt the petsor oward e Sun as ovidoneeyd
by the st error sighst on Channel 3,

VI, CONCLUSION

Mueh of the world®s abmodphere consists of conbinations of clony, hagy,
S0l oloud, and broken eloudiness with intermitiont sunshine, [t is dostyahlo
1o Bevo e gatae teackor Hotuttng syston that wild alwitys pofnt iy the divecion of
the Sun regardiess of eloud cover, "1he Sun Chaser accomplishos this by Joeking
on the Sun In eloar westher, continuing to point fn the Sun's divection haged on wy
faternul mar when e Bun i3 olseueod by elonds, wid then atomatieally tolovke
tn: on the Bun when it is vigible agalne The system automationlly rosots (¢ the
oast at sundown lo watt for the next sunvtse. It 1s bolieved that the Sun Chasor
offers the best alte tmdive solutions to tie heveinfore uisolved probloms of
solar teaeking control systens, especially for those used on coticentrating
collectors in solar hoating and cooling systows,

o addition to its huproved teaeking capabitity, the Sun Chaser would boe
vory compotitive from the standpolat of econmmtes, sire, and eporation eott=
T opared with prosontly usod baokevs, :
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