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TECHNICAL MEI110HANUIN

SOLAR TRACKING CONTROL SYSTEM "SUN CHASER"

1. INTRODUCTION

The utilization of solar one.rgy from solar collectors has crented it heed
for at simple told reliable solatr tracking control system that call locate and track
the Sun's lwsition and consequently point coneentrating t 'Nrytc solar collectors
toward the still in the p x%vilce of all normal atmospheric conditions such its
clear, hare, cloudy, and partly eloudy skies. Vol , nmaintiutl efficicaey solar
collectors should rominin still oriented (b rough amy type of atntosphorle condition.
Other existing solar tracking conl,rol systems do snot adequately follow the still In
cloudy or partly cloudy wealhor and thus the podo rill allce of the collecting system
has not operated its efficiently as expeeted.

,Cho purpose of tilts regaort is to describe it simple solar traeltisg oonlrol
System called the "Son chaser" dcsigaod to itolnt toward tilt, Bun in clear weather
ntid to point tit the near vicinity of li lt, sun whom it. Is obsettmd b., clouds ar hare.

II. APPLICATION

The still chaser componotits coosist of it silicon solar cell. light, sensor
module, it mild-state elvetzrnie control assombly module, and tilt eloctric motor
(V Ig. l) . The purpose of the Stilt chaser is to dotect the stitnriso, to initlato
oilier t,eacking or pointing comotaatis, to activate it motor, ;nod to laitintc it
reset drive command at sunset, _'Cracking Is defined as following lhtrfiuti's
apparent movement by sonsing light directly from the stilt gtvtet •ating tut error
sipull, slid mechanically driving the sensov Iii small tAlsvi--ote stops to reduce
the error to Zero. This In ossance looks tiw sensor onto the Stilt position.
Pointing is tlefisod as the capabillty of the Sall chaser ceotttinl system to follow
tilt) Still position, even though obsocrcd by clouds, utilizing timing pulses tgnpro i
matoly the Same duration as the tracking pulses used to drive the systonn, hot.
with less aveuracy thmt when teaching. Pointing Is obtained by means of signals
gonevated by till Internal pulse gellorator. 'Cie solar flax level dictates tilt) mode
of operation, I.e., tvaelang, polnting, or nighttime voset is soloetod based oil tilt,
instmttauneoos light Intensity oil 	 solar sensor coils. Y9no still chaser was
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designed specifically to provide the drive control logic and voltages tlocessary
to maintain nn accurate Still orlontatiou of tracking solar collectors and may be
used in any solar tracking application with the following requiramonts;

a) Automatically acquire and track tl ► e Sun with all accuracy of typically
0, 25 deg.

b) Continual automatic painting toward the Still even though the Sun may
be obscured by clouds or hazo with automatic reacquisition to the Still tracking
mode whon tl;e Sinn is not obscured.

c) Automatic nighttime "reset to east" capability.

The Sun Chaser may be utilized W track rho San in either elevation or azimuth.

111. DISADVANTAGES OF PRESENT SUN TRACKERS

Stitt trackers presently used include solar cell sensors, electronie cir-
cuitry, and electric motors. These trackers are gancrally similar to the Sal
Chaser doseribed heroin. They perform well In very clear sides with it bright
Sun, but will not continue to paint toward the Sinn udder cloudy conditions. A
wide field-of-view (FOV) of approxLmately 180 dog Is necessary on those Sun
trackors because they are continually acquiring or reacquiring the San following
a period of haze or cloud Cover. The required wide FOV makes the sensor overly
sensitive to variations in scattered light levels, especially from bright clouds
within its FOV. This characteristic call cause the tracker to acquire told track
the cloud and especially to be led away from the Sun by rt cloud that has passed
the Sun (i.e., the Sun track gives wa y ton cloud track.). These trackers will
also acquire and track holes in cloud coverage.

IV. MODE OF OPERATION

A. Sun Sensor

The Sun sensor consists of two 0.5 x x.0 cm sillcon solar cells mounted
lit ;tit enclosure and iasitioned Lt it plane normal to direct Sun rug's when the
sensor is boingv used. The cells tare positioned on each side of a partition under
translucent windows (Fig. 2). The translucent windows are sized and positioned
over the cells to form the acquisition and tracking ;apertures of tine detector.

•.



t

Ott 55,t A%, V \I n IvMnn..
1 \r I M, i do NINrNN1Y

iB.NC \Nhw

si\	
^^ l^ ^+^SinWn! AntArwrlti

sir	 w	 ^LUli}NI	 i! +
NAN11twN

t
^I	 !

lilt	 ♦ e« ,^} i}
N

.,N
^ U . U5 rN1 YllnclN Mil an

	

oleulIM%,1 1ry 11 Y11 }I SN1 1 	N'.N
#NW 1'INI t,1 t it

it« 10 , i}U\Y 1\NI,w

AIA1•N1	
a.,	

1INry t	 4L

,.

5N

1
rilit'^ tN kits `
i 'M 1F 1

NI AYSJ It t\tY
4

.i

Ly+ ^^	 q IN,11[

L	 a
11AI ttUOt

11 At

1• lljlllt` t'. \tiff k i llaNt, , ! r1u;J1'1

Tilt, 8011l;ol' »todldt' 1S tlri ; tttllrtl la 1'rrt,lCl' dit\h't ;illlllitthi all t'^IIA`t1\' killr hi111. flit`41VO of l`ilV`ll rill V\ilrll thr St,gliaC j;; ch`Utt,l\4l t i ll tilN 81111 \\hdl` t10 0tllorlltllf itf'ilt`h i`t'll i$ yh ; ida\\'IRl• z^.; tho "till;ltll' iel tiltrti t ill';Ui tht` Still 1110vt'.+ \\01at11'ill\1,OW t'\1 kl;irt1;1.4\`tl clt iht' \\t4a t't'il tilty\` lli i t`it ;tilt, t ho omm vol drA'l\'ai;t'R tii111111=tant,au,;l^. 1'hlli tuc's OJIM)Jlr 1; till'rrtl>^ l tiv, l .̂ rtiallul tit tho lill'oulur 111tw mlrlltOf tilt' .Sllll. 't']ltl 11`Pi l l)f;t`111t`IIt at ills` rt,l l;a R; drit [tllit4, to ahl;till ;l lillt';lr outplit tit1 6 dog Sllll ;114'lv..

1 aahlr rt'll i:: a t"urre`llt t;anty atil>; iie'rlrr and itil output lt; to\,lnlrtlonillit , tile+	 it)v`a loin ihr 111tht till,\ all tilt` al't,t - 'Fllo yoltut;t'it ;trlyt;;;, tilt , rrlla;llV';1 I lp llt111t+;it, Illilt,t.lali kit tilt + 111tt1t lutt'll;ill\\et)I	 ilud, tlil11111o,ille+N@ alirlV`g t.a 11111:;t lit'l\'t`rtt,d to \'al Llllt'; till' tilt` llovIek';i. ill 11r	 ,t' .;	 li	 cfi t1)iti a^;ltt'tn, tho avt ndttiohiu , of flu'	
u;ai It. ',litlt tl> 1C,11t iut p ion; t'n,ur a,

Ail ( Fide ilk.	
t..	 l`1111V`ill is% dally by llllltlt 111111)11tit`8ti A I uuil	 ""..

`hh@ :it'lltial' illodtlil' it; t1rAl lut,d tit 	 1 r	 `
purpoi;o of ur1 oil:	

t	 1vtt t)\ anl,v' 111rt'drllt lit;hl t Ilud forl	 tth)Il. tho \V'iildo\V' a11H1)ft^' 1i; :;tivll tllilt it „i tipij Stilll'tvtill the' lil;nlr of thr	 Neill ,;till 1tiglintK' kilt tilt) l>t'trrl)t at tho tvyslik tOttytlt`t,lt ;ll\'ti. A furtllc't' OU'1`on"o 111 Still ;fill lt' \\1l1 d0t'1\';1 iir tilt' ill\'il 1111;11 Ili ! l.i UPgt il t, rill will IT tat;tlly :;hildovyrti.

1
p
1
^
1
t
i\l

`
`,
,
1N o11, `'`^ ^ X̂11"

t,;



Ct ?111, 0% 	 ON I (I

H V

0 V

!V

.l	

It

!t
ORIGINAL YA(,F: IS
OF 1'lx)R QUALITY

I

ICILI
I

	

^	 I
F	 I	 l!	 to tw,
t	 {IL IC LIW

Col L

f.CLL

I

I^`
ICCLL

wV

MV
^ M0 11

! V	 N:7 4
L CII CCA

N•	 17

! V I

11	 '.:	 I11 I

1
1('7

,

^

I

I

77pwC6V

1C0 '.:

SAY

ICI	 1	 VII	 1 !R

At	 IOR
1	 ,

9

01 ILI,

.^ NIR

2w0

V

	

4	 I	 SAD ! ,
V

I	 I	 IC7	
7 

I
	 TO TRACK ING

:%AII ! .	 I	 NI TIMING

	

I	 ^ y

	

!	 I

1	

C7	 1

	

 4	 I

L____J

W. M

10	 I

IR

•6 v

11

17	 ICs
I1 ^	

9	
10

Ics
ILS

1 1R

I
MIT A ICs
S.LO7^I,L-
rlN 1.	 •v

LAISNIMh ,t I III

7

7	 II-^
I	 1

!
Ns

1

l' J

L ,R

/ JR

]OUR

4 1R

^! Y

1 IR

I]ICI	 ^
lC011

11	 11

6V

IC t
A7

h

N17

IU

I T L UN OVI
wuu $q
cLAal III
UA t o II0
1 011 L UA1

Iu

Ih i

N1

to-  1 , --

7O0R 1 ^
I^^ FR y

•! V

/V	 IC 7	 ^	 ^ CA RN I,.10 	 , 0
NI s\ LM /AtN ^.. OCCILLATON WII.VT 	 Aa'

It

7

no 1	 AL)
1\ A	 ICI

' v 1	 Ict
N'A,



pftc/ . FRS

l	 d

^.I

y

1

^I

r 1
"IT ,	 — * I1--low	 f 

1" 

7— 	I -1* , i i- , ^

oK1c;iNAL PA(;F, 1S
()F' 1'tx ► lt (211A1.11 Y

YC,MOiC I on to

r-- AIDA 100 001 1 U

^. 034

ov

1	 U I,	

L

w MO%ACr on 111

11 ► v 10 vCM
AT 100 wA

TRIAD Ivry
0 1.110 Up l U

N.

11.
v	 111 

111 VMw1N
WI.D I'1ATI MIIA.

•^ Y	 t l A115 111011 Dig

FOR
LOAD {11ID

FOR LOAD-

11R	 1	 10	 11
a1

u . IU

11 . 64 w

1

11.0

11

•
I1 I

IM

ICI
11 ,	

I

10

11	 1(-\ {	 ICS
1	 ICf

NI

I A"IR

M5 ( NAN 1( Al '0$,'i0%I
l IM11 Shi I1 NI t

^-	 -- ^. I A It S	 I
SII O) AtU
n. a	 •v	 I

L
r4N r	 o Y

—_ At SHIM" NI MI

,I
S

I

ICI
Il !

1U...	 1\

•! Y

7 11MI 1\ lM/I1M Al l Ml5NT0A 11 W !% UNI L{{ tNUNN
1 06CIIIAIIM UII/PUT 1	 COWPOWIVISCM(/51M 1011	 M C IU •11• C 11111 MA1061•	

I 10A 1 Ali 010011IMI IUMIU
1% 1	 W1 At {MUIYN 15 MC t5031 WAN 06 III 111111M (m 1111M/11N1

! KS At SMK),N it l MIA" Ica% ft 21LUS$"on 101
-{ v • ICI ► ill IW1M IOOIC 164101115	 64 .1 • C

0.0.1
0.1.0

lops 11 1•o•a
1.1.0

I

'r
1

I

I

11

i
i

i
i

I

I

{1

tectrical schematic.

J

IV 	 —
u 1^	

_. _ Yom.-_ — _	 -	 -	 - —	 -4-	 -^	 - -



>'i'W"PING PACT: MAN"

The greatest angle required for acquisition will occur between the time
the morning light passes ilia daylight threshold and ilia time the flux Intensity is
high enough for acquisition and trtlek to begin. Title time can range from it few
minutes (very clear early morning light) to all day (no Sun). Normally it full
day of pulsing (no acquisition) will create less than a G dog error angle. This
will be a function of die winter/summor temperatures and its effoct on the
repeatability of ilia drive system.

The Inside of the modulo Is black to Increase ilia sensors selectivity to
Incident light. Scattered or nondirectional light raises the level of the sensors

'	 outputs but cannot be used in direction determinations. Sinco ilia magnitude of
the light is used to determine ilia mode of operation, it is important that ilia
scattered light be kept ton minimum. The small apertures reduce ilia scattered
light effent front bright clouds near the Sun. This typo cloud in the vicinity of
ilia Sun can create an unbnlance in the sensor output which would result in
erroneous painting if the electronic circuit slid not recognize and discriminate
against those falso targets (Section

The outside of the module is white to reduce the Sun's heat on the module.
Silicon cells were chosen for their wide light bandwidth and their stability In
extreme temperature environments.

The cell sizes wore chosen because of their commercial availability and 	 "=
because they tire the largest size a standard operational ampliflor (LM 791) can
load into. (Tho cells arc power generating devices.)

A clear window material Is used as a cover to the enclosure to protect ilia
wiring rind to prevent atmosphavic contamination of the cells. This window can 	 t

also be a polarized or infrared filter to increase the light wavolongth selectivity 	 !
of the cells.	 I

B. Electronic Control Assembly
The electronic control circuitry module (Fig. 9) contains microelectronic

components (amplifiers, comparators, oscillators, and TTL logic gates), two
solid-state relays (T'rL to 115 V, GQ iiz), power supply (115 V, GO liz to 35

Vdc), painted elrcuit board, and miscellaneous components (resistors, diodes,
capacitors, wires, and fuses) integrated together to perform die following
functions

1) Condition the solar cell output signals to compatible levels and
]Ihcavize the voltage for the rest of the assembly. 	 it

6
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2) Determine when the sonsed light levels are for a nlghttinno, a cloudy
or haze daytime, or a bright sunny condition and initiate necessary correspond-
ing commands. For example, when the light level on both cells damps below a
predetermined level Indicating night, the circuit i ►dtintos a "reset to east" drive
command. When the light Intensity rises above the night threshold (indicating
low-daylight), the circuitry responds by goncrating a timing sequence in which
the motor Is pulsed in approximately the same timed intervals as though tracking
the Sun. When the sunlight on both cells increases to a track level (high-daylight),
the circuit changes to it linear drive state mul the system will drive on q or west
until Sun acgVIsition is attained and then pulse periodically as necessary to tract:
the Sun thereafter. The circuitry will create drive commands o ►dy as necessary
to maintain an orror angle less than 0.25 (typical) dog between the tracker and
the Sun and will not track cloud movement.

C. Circuit Operation
The signal conditioning amplifiers Al and A2 Invert, linearize, and

amplify the solar cell outputs to levels compatible evilh those needed by the other
circuit functiow l , This is done by selecting the feedback resistor (ly to give

the desire(' ; t ,; t voltage swing (Vo) for the greatest anticipated solar flux

tncident on the full area of arch cell; i.e., Vo Icell li f (Fig. 3). Since the

amplifier must deliver the cell current ( Kell ) through ale feedback resistor 1tf,

the amplifier and its power supply nmst be chosen to adequately handle the power
generated by the cells to achieve linear operation. The o.5 x 1.0 eat calls were
the largest silicon solar cell :area recommended to be power compatible with
conventional operational amplifiers of the LA1741 type.

The outputs of Al and A2 are each fad to Uarce circuit functions: (1)
sunset detector (SSD), (2) Intermediate light detectors (iLD), and (3) linear
differential tracking circuit (LD'l').

The SSD circuit is a dual comparator connected to compare the linearized
cell voltages, VO , of ouch cull with a tiled voltage level. The fixed voltage level

(approximately 10 mV) simulates a level of light representing sunset or nighttinno.
The dual comparators are connected in a manner that requires light levels on both
solar cells to be below Ue threshold for the Output to go into a high voltage state.
When this condition is met, a constant east motor drive is initiated through the
solid-state power relay and all other circuit functions are inhibited by the TTL
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"NON" gates. The motor then drives the collectors and sensor back to the east
direction until a mechanical actuate) limit switch opens the motor circuit.
The system Is then In a "sunrise" aclontation. There is also a mechanical
limit switch on the extreme west side of the drive to open the circuit 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 daytime ILD threshold Is passed. At this time both sensors are
below a light level required for truck and are, 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 generator output to the west drive motor
relay. The motor will be pulsed by the internal generator at essentially the
samo rate (Earth's rate) as though it were locked to the Sun. This will con-
tinue until both cells are receiving tracking 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 reloased. Since the Sun will
be well within the acquisition angle of the detector, the system will then drive
In the direction (east or west) necessary to acquire and null on the Sun. The
circuit will cantinue locked on the Still unless interrupted by clouds or nightfall.

In the LDT operation, the motor drives in pulsed intervals. The circuit
Is designed to pulse only long enough to roduce the error voltage to zero and,
consequently, the Still error to zero. The off time, which is a function of light
Intensity, represents the time it takes the Sun to move approximately 0.25 deg
and is approximately 1 min. The circuit has hysteresis to optimize the motor
on/off time to prevent rap,':) on/off cycling 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 cause the system to 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 Wear of the Sun.

D. Power Supply and Motor

The 115 V, 00 liz power circuit consist of TTL logic and compatible
solid-state relays sized for the motor load. This type relay was chosen due to
the large number of onA•ff power switches to the inductive motor load.
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