
LINE-FOCUS SUN TRACKERS 11 he' I 

..-- - - L I 

Solar Energy Rotmarch Institute 
1536 Cole Boulevard 
Goklen, Colorado 80401 

A Division of Midwest Research Institute 

PrepRarsdfwthe 
U.S. Department of Energy 
Contract No. EG.77-C.Ot.4042 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



Printed in the United States of America 
Available from: 
National Technical Information Sasvioe 
U.S. Department of Commerce 
5285 Port Royal Road 
Springfield, VA 2216 1 
Price: 

Micmff che $3.00 
Printed Copy $4.00 

NOTICE 

This report was prepared as an account of work sponsored by the United States Govern- 
ment. Neither the United States nor the United States Department of Energy, nor any of 
their employees, nor any of their contractors, subcontractors, or their employees, makes 
any warranty, express or implied, or assumes any legal liability or responsibility for the 
accuracy, completeness or usefulness of any information, apparatus, product or process 
disclosed, or represents that its use would not infringe privately owned rights. 



LIN~-FOCUS SUN TRACKERS 

R. Oee , 
Solar Energy Research Institute 

16 17 Cole Boulevard 
Golden, CO 80401 

ABSTRACT 

Sm trackers have been a troublesome component 
f a  line-focus cowentrating collector systems. The 
problems have included poor accuracy, component 
frailursa, f n h  llodaa on elaurisy and restriated track- 
er operating ranges. In response to these tracking 
difficulties, a variety of improved sun trackers have 
been developed, A testing program is underway at 
SERI to determine the tracking accuracy of th3 
new generation of sun trackers. This paper defi.,es 
the three major types of trackers, describes some 
recent stm tracker developments, and outlines the 
testiq that is underway. 

Moat singie-axis concentrating conectors track the 
sun to maintain the concentrator foeus on the re- 
ceiver. Many of these systems have been plagued 
with operational difficulties due to poor sun track- 
im 11-4 . ' Recently, several companies have devel- 
dped improved sun tradcers. However, little has 
been done to quantify traekiq performance. An ef- 
fort is underway at SEBI to test sun trackers for 
trackiq performance awl to identify the impact of 
tracking errors on system psrformance. Prelimi- 
jmrp results of thb testing will be presented at the 
ccnfer-e. 

2. TRACKER TYPES 

Them are three major types of sun trackers: com- 
puter tracken, shadow band tradcers, and flux line 
trackers. A computer tracker (Fig. 1) uses a clock 
input to compute the smls position and initiates col- 
lwmr mtation to this compuwd angle. Although 
quite simple in theory, this type of tradeer requires 
an accurate method of accounting for the collec- 
t a t s  anguim position as it is rotated. Shf t  encod- 
em have aften been used. The expense of high- 
resolution position sensors has been the key prob- 
lem. Also, the necessity of computirg th8 sun% po- 
sition requires a computer a micqrocessor. and its 
added expense. It low-cost, high-resolution gasition 
sensors become available, computer trackers will be 
more attractive. Also, if several collectors are 
driven together u s i ~  just one sun tradces, tracker 
costs can he lessened significantly. 
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Fig. 1 Canguter Tracker 

Shadow band sun tracking (Fig. 2) L the motst popu- 
lar method of providing the fumtion. A, 
shadow band sanwr is mounted on the collcotar and 
rotates with it. Two mws are sepawted by h 
tition a shedowing strip, whioh d~dos'one of UI~) 
sensors if the trader is not winted directly at tw 
sun. The sensors prodwa an error siqnal when both 
!3emors an, not equally i~mfnatad.  mi8 error slg- 
nal initiates collector rotation until the sensors am 
equally illuminated (at which point the colleeta is 
correctly aH&. Tha gcromcrtry t5f the shadow&!$ 
strip and placement of the senwcil varies greatly 
between manufac%wers, but they all rely on garera- 
tion of an error signs1 as'a result ~f unequal ihmi- 
nation. Several shadow band trackers have had.op 
eratiom1 difficulties. Many of t4e problems waw 
caused by poor quality components and awmbli* 

* However, hrizy ac cloudy conditiotu have *been tnxr- 
blesome to tracker electronics and have also mjlrltb 
ed ih pow tracking pmfamame. In &me cakb, 
tracker electronics have been "conhse~ by cloud 
cover and have tracked clouds rather than the sun. 
In other installations, the sun mnmr okqtputs vary 
greatly with varirible sky condition8 and haw led to 
erratic trackhg. On hazy or clou day$, when~di- 9 rect ins~lation is deareesed a+ d ffum: inmlatfon 
increased, the sensors of some , e o k e n  are not able 
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Fig. 2 ~hactu+~aaed Tracker 

tb.. ki$sj&ish tha-sun,,'and brgr tradchg errors 
have resulted. To maintain tracking Beauracy as 
sky/cloud conditions change, mapual adjustment of 
the  s n m r  *n.sitivities ha$ aftbn,b&-ti W w .  

Flux line trackers (Fig. 3) sensors luwled a t  or 
&a? t)fe rec&& and aFe SemiVe ta aoacentlcated 
Bm.- &rrn '&hiabi  lWULd ,w*m, if-the oallectw 
$sioff~hted,  Weme b.ganeraM, an& the 
-&'liec t& m a w  mM' me emw signal is null&. 
%I& fd&in&&ne@t 6li~fLaWlthei &fhsei insoh* 
'tli(xr"pMbi& 'mlk&iate(;l with sbradew bands be- 
d & ~ ,  t& a #W'.t@pm%frnathm, ,only &rest Imb 
Htm 'is mfiited! %d 'W-r'c3cedJw. 1Plm line t~a&ew 
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Fig. 3 ??lux-Line ~racker  " 

are the only tracker type that orient the Collector 
based on where the focal line actually is, rather 
than whew it abukl be. Computer trackers and 
shadow band trackers rely on a fixed relationship 
between the focal Mne and a collector reference 
point. 

3. RECBNT DEVELOPMENTS 

Acurex Corporation has recently developed an im- 
proved shadow band sun tracker (Fig. 4). The sen- 
sors' field of view has been narrowed to eliminate 
much of the influence of c l ~ d s  and d i f f ~  sky ra- 
diation. Also, the electronics have been altered to 
automatically compensate foc changing insolation 
levels. Further, Acurex has added an additional el- 

I ement of control-a direct insolation monitor 
a (DIM). Tracking is initiated mlg when direct insola- 

tion exceeds a threshold value. Should a cloud pass 
the sun, the DIM instructs eaoh collector to hold its 
position. When the sun reappears and a direct inso- 
lation threshold is exceeded, normal tracking 
mntinues. 
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Fig. 4 Acurex ShadowBand Sensor , 
' i 

HoneyweE has W e h t v  eamplete?d dsv&@went o t  a 
flux Bbe Wlaker; Their tfaeket wtsm ttrs camcm- 
@aPd hirx hpa* the rwehrer+ &mots-are: mounted 
on A-? sit& 6f the rebeiVW SU thrvt whea eorra8ly 
meking, the semot8 tstrsddle the 'flu%- ,l$oe. 
-re 3 skews the-JH~rwyma~zw gem PQURW 
bn a tBicef @amMlid traugh reeeher. ,Zb-iibitit&y 
aoquire the s&) tpte ~ m t ~ c : C  I?atated,mtil oryh of 
tlte sefwbtsPreceirteb a .am of about S3t cOnWQtra- 
Ban. The e03lwto~ is than !ri,nmem.ente&l~mti! $he 
flux beam baland6S the setmrs. .lf off-winted, the 
senwe eenefaW an error skna4 a d  the aoUe~tgr is 
rotated "until We sensor Gain 4he f b c  
fine. * _ c - , !: - .,, . , i - 1  .-' 
Tile MarshalI Space E'Kght Cei&%er hb developbd a 
shadow band tra'dte f& nblcth-mth *&Mort =is 



ig. 5 Honeywll Flux-Line Sensor 

collector that reverts to a clock drive when clouds 
obscure the sun. Figure 6 is a schematic of the 
shadow band sensor. Silicon cells provide the error 
signal, which controIs coUector rotation Wing 
normal tracking operation. The field of view of the 
cells is restricted so that the cells are not subject 
to skylcloud conditions away from the sun. When a 
cloud covers the sun, cell outputs drop and the 
tracker circuitry is signaled to provide a constant 
tracking rate of 15 degrees per hour. For north- 
south rotational axis coflectors, this constant drive 
rate keeps the tracker roughly pointed at the sun, 
even when cloudy. When the sun reappears, it is 
within the acquisition a l e  of the sensor, and the 
silicon cells resume cofitroL 

Sandia Laboratories, Albuquerque, have combined a 
computer tracks and a flux line tracker (Fig. 7). 
The tracking angle is calculated with a micropro- . 
cecrsor, and the collector is positioned to this an- 
gle. Fine-tuning of the tracking angle b aci?omd 
plished with a flu% line tracker. A pair of resis- 
tance wires, helically wrapped down the receiver, 
provides an e m  signaL The resistance wire spsns 
the full length of the ret?eiver and serves to inte- 
grate the teceiver's entire flux distribution to find 
the best tracking angle for the collector as a whole. 

Fig. 7 Sandia Ccrrputer/Flux-Line Tracking 
sch&t i c 

Several other companies are in the process of de- 
veloping improved sun tradters. These include Al- 
pha Solaroo, Del Manufacturing Co, Solar Kinetfcs, 
Sunpower Systems, Yiing Solar Systems, and 
Israel's Weizmann Institute of Science. 

4. TESTWQ PROCEDURES AT SEIU 

The Solar Energy Research Institute is testfng the 
tracking accuracy of sun trackers. Each system of 
tracker electronics is being installed on a highly 
eontrollable hydraulioally driven test stand. The 
tracker electronics control a hydraulic rotary actu- 
ator, which provides collector rotation. A precision 
shaft encoder (resolution beyond 0.05 degrees) gen- 
erates pointing angie signals to an m i t e  mmput- 
er. The shaft encoder provides an accurate account 
of instantaneous pointing angle as the collector 
tracks throughout tho day. The imtanbmww win+ 
ing angle is compared with the ideal pointing an- 
gle, as calculated by the on-site comDuter, to de- 
termine the instantaneous tracking error. These 
measurements are taken for several days to ensure 
repeatable results. Of particular interest is track- 
ing performance for the range of sky/cloud coladi- 
t i o ~  that operating systems encounter. Each sun 
tracker is tested until its performance as a function Fig' mrshall Space 'light Ctr* of cloud covet, inmlation level, and time of day b 

Sensor characterized. 
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