IEC/TS 62727:2012(E)

IEC IEC/TS 62727

®
®

TECHNICAL
SPECIFICATION

Edition 1.0 2012-05

colour
inside



https://iecnorm.com/api/?name=f5694fdbc7ef1c830f828f527260dd53

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2012 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester.

If you have any questions about IEC copyright or have an enquiry about obtaining additional rights to this publication,
please contact the address below or your local IEC member National Committee for further information.

IEC Central Office Tel.: +41 22 919 02 11
3, rue de Varembé Fax: +41 22 919 03 00
CH-1211 Geneva 20 info@iec.ch
Switzerland www.iec.ch

About the IEC

The Intefnational Electrotechnical Commission (IEC) is the leading global organization
Internatignal Standards for all electrical, electronic and related technologies.

prepareseand publishes

About |JEC publications
The techhical content of IEC publications is kept under constant review by the IEQ:
latest edition, a corrigenda or an amendment might have been published.

have the

Useful lipks:

IEC publigations search - www.iec.ch/searchpub

The advahced search enables you to find IEC publications I i i dictionary of electfonic and
by a varipty of criteria (reference number, text, technical gctrica ining”more than 30 000 terms and
committeg,...). d French, with equivalenf terms in
It also pives information on projects, replacgd yes” Also known as the Intgrnational
withdrawn publications. i pcabulary (IEV) on-line.

IEC Just Published - webstore.iec.ch/justpublished

Stay up t¢ date on all new IEC publications. Just Puk Ilshe
details all new publications released i i

also oncdg a month by email.

9,

sh to give us your feedback on this piiblication
gd further assistance, please confact the
Cusfomer Service Centre: csc@iec.ch.



mailto:info@iec.ch
http://www.iec.ch/
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://webstore.iec.ch/csc
mailto:csc@iec.ch
https://iecnorm.com/api/?name=f5694fdbc7ef1c830f828f527260dd53

IEC/TS 62727

Edition 1.0 2012-05

TECHNICAL
SPECIFICATION

AUS) &

colour
inside

Photovoltaic systems — Specifications\or

INTERNATIONAL
ELECTROTECHNICAL

COMMISSION PRICE CODE U
ICS 27.160 ISBN 978-2-83220-122-0

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission



https://iecnorm.com/api/?name=f5694fdbc7ef1c830f828f527260dd53

-2- TS 62727 © IEC:2012(E)

CONTENTS
FOREWORD ...ttt ettt et et e e ettt e et et e et e et e et e et e e e e et e e e anas 5
T SCOPE AN ODJECT. .. et e 7
2 Terms and definitioNs ... e 7
2.1 PhotoVOoIAICS (PV) .. 7
2.2 Concentrating photovoltaics (CPV) ... 7
2.3 Concentrator module (CPV ModUI€) .......iiniiiiiiii e 7

2.4  Concentrator @SSemMbIY . . ... aaaaas
3 Specifications for solar trackers for PV applications

3.1 Specification template ... G G
4  Trgcker definitions and taxonomy

A1 General. ..o NG N e e AL LY
4. Payload typesS. oo e e e e

4.21
4.3 Rotational axes ... e N N N

4.3.1 Single axis trackers
4.3.2 Dual axis trackers
4.4 Actuation and control............N¢...\N

4.4.1 Architecture.............Z o0l

4.5

453 @
4.4 Structu hars

4.7

QW energy CONSUMPLION ... ....coiiiiii e

4.8 External elements and interfaces.........coooviiiiiiiiiiin
481 FoUNAatioN ... e
4.8.2 Foundation interface ..o
4.8.3  Payload ...
4.8.4 Payload interfaCe ...
4.8.5 Payload mechanical interface ............cooiiiiiiiiiii
4.8.6 Payload electrical interface...........coooiiiiii i
4.8.7 Grounding iNterface ......cceuiiniii i
4.8.8 Installation effort..... ..o
4.8.9 Control iNterfaCe ... ..o

4.9 INterNal t0lEraNCES .. .. e
4.9.1  Primary axis t0lerancCe ..o
4.9.2 Secondary axis tOlEranCe .........ccouiiiiiiiiiiii e

4.10 Tracker system €lemMentS. .. ..o


https://iecnorm.com/api/?name=f5694fdbc7ef1c830f828f527260dd53

TS 62727 © IEC:2012(E) -3-

4.10.1 Mechanical StruCtUre ....... .o e 20

4.10.2 Tracker CONtroller ... e 20

B T S Y= =T T =S PP 20

4.11 Reliability terminology .. ... 20

4.11.1 Mean time between failures (MTBF) ......ccoooiiiii e 20

4.11.2 Mean time between critical failures (MTBCF).......ccooiiiiiiiiiiie, 21

4.11.3 Mean time to repair (MTTR) ..o 21

4.12 Environmental conditions ... 21

4.12.1 Operating temperature range.........cooouiiiiiiiiii e 21

4.12.2 Survival temperature range...........ovuiiiiiiiei e 21

4.12.3 Maximum wind during operation ...........c.coccovviiiiiiniini e i NG O 21

4.12.4 Maximum wind during StOW........c.cooiiiiiiiiiiii N BN e f e 21

4.12.5 Snow 10ad ..ooeiei e AN ANA DD | P 21

413 Functional tests ... ..o N\ N A NGNS e 22

4.13.1 Static load test ....ooviiiiiiii i S OGN NG 2 22

4.13.2 Moment testing......ccooeoveeniiniinii N N G N 22

4.13.3 Limit switch operation .........c..oooiii i NG DN e D\ S freerrneenennenafeennns 22

4.13.4 Manual operation.........ooooioiiiiiie oo N E A e N ee e eeeeneeneeeeneea e 22

5 Trgcker accuracy characterization ...............n. he e e e b NG e e e 22

54 Overview ....ooooooiiiininiien NG AN S ) 22

5.2 Pointing error (instantaneous) ... . N oo e A @A e i e e 22

5.3 Measurement ... N N NN et e en e e et e e e e e e e n e enenaeneneeneefaeanas 23

TS T B O 1Y/ =1 VA =AY T - N\ S N PPN PR 23

imental method toumeasure pointing error................f...... 23

...... 24

5.4 Calculation gf traCkBl @CCUMaCY S S et eii et et e e et e e et e e e e eenee et eeenes 24

...... 24

...... 25

...... 25

...... 26

...... 26

...... 26

6 Mechanical\characteriZation .. ..o 27

| C T2 5 1= ) S N PSPPSR SUPT 27

6.4 BaCK A /e i 27

6.3 ST eSS i e 27

A 5 =Y 1= o L8 =5 T S 28

74 R o 1 (o T o] o 28

7.2 Component dUrability.. ..o 28

7.3 Extreme conditions teStS .. o 28

8 Additional optional accuracy calculations.........co.oeiiii i 28

8.1 Typical tracking aCCUracy range .........co.ooiuuiiiiiii e 28

8.2  Tracking error NisStOgram ... 29

8.3 Percent of available irradiance as a function of pointing error..............c...cooois 29
Figure 1 — 6 = Altitude angle = 0° (zenith angle = 90°) occurs when a vector normal to

the module face is pointing to the horizon. Altitude angle = 90° (zenith angle = 0°)
occurs when the module is facing the SKY ... 13

Figure 2 — lllustration of primary axis tolerance for a polar tracking axis ...........cccoccevveieennnen. 19


https://iecnorm.com/api/?name=f5694fdbc7ef1c830f828f527260dd53

-4 - TS 62727 © IEC:2012(E)

Figure 3 — General illustration of pointing €rror ... ..o 23

Figure 4 — Two flat parallel plates at a specified distance, one having a pin hole for
sunlight to be tracked on specified-diameter circles that ultimately measure 0,1°, 0,2°,

and 0,3° accuracy rings (MOre if NECESSANY) ...cuuiiuiiriiii e 24
Figure 5 — Pointing error frequency distribution for the entire test period...................co. 29
Figure 6 — Available irradiance as a function of pointing error ... 30
Figure 7 — Available irradiance as a function of pointing error with binning by wind

LS 1Y = N 30
Table 1 —Tracker specification template

Table 2 — Alternate tracking accuracy reporting template

W



https://iecnorm.com/api/?name=f5694fdbc7ef1c830f828f527260dd53

TS 62727 © IEC:2012(E) -5-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC SYSTEMS -

SPECIFICATIONS FOR SOLAR TRACKERS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
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» the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

+ the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC 62727, which is a technical specification, has been prepared by IEC technical committee 82:
Solar photovoltaic energy systems.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
82/651/DTS 82/711/RVC

Full information on the voting for the approval of this technical specification can be found in

the report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this publication will remain
the stqbility date indicated on the IEC web site under "http://webst
related|to the specific publication. At this date, the publication will be

» trarjsformed into an International standard,
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* withdrawn,
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A bilingual version of this publication m

changéd until
inntHe data

IMPORTANT — The ‘colour |n5|de | }w@age of this publication indjcates
|de e

that it contains colo
undergtanding of its ¢

colour|printer. [\

to be useful for the cprrect
refore print this document usging a

S “v



https://iecnorm.com/api/?name=f5694fdbc7ef1c830f828f527260dd53

TS 62727 © IEC:2012(E) —7-

PHOTOVOLTAIC SYSTEMS -
SPECIFICATIONS FOR SOLAR TRACKERS

1 Scope and object

This technical specification provides guidelines for the parameters to be specified for solar
trackers for photovoltaic systems and provides recommendations for measurement
techniques. No attempt is made to determine pass/fail criteria for trackers.

The purpose of this test specification is to define the performance chara istiCs ackers

This specification provides industry-wide definitions and paraméters\for\so ackerg. Each
vendor|can design, build, and specify the functionality and a i i inition.
This allows consistency in specifying the requirements for p ing i oducts
from different vendors, and verifying the quality of the . \dition, thi ification
will clgrify terminology and definitions for trackers anhd prqQvide rement
techniques

This technical specification will be a foiwdatjd 3 d , ing (but
not lim '

2 Te

For the i f ms and definitions apply. For adflitional
trackert ifi [

2.1
photov
PV
deviceq

2.2

CPV
deviceq y. The
sunlighit coufd=be.magnifi i [ , i ractive
optics, lindish, trough, lens, or other configurations.

2.3

concentrator module

CPV module

a group of receivers (PV cells mounted in some way), optics, and other related components,
such as interconnections and mechanical enclosures, integrated together into a modular
package. The module is typically assembled in a factory and shipped to an installation site to
be installed along with other modules on a solar tracker.

Note 1 to entry: A CPV module typically does not have a field-adjustable focus point. In addition, a module could
be made of several sub-modules. The sub-module is a smaller, modular portion of the full-size module, which might
be assembled into the full module either in a factory or in the field.
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2.4

concentrator assembly

a concentrator assembly consists of receivers, optics, and other related components that have
a field-adjustable focus point and are typically assembled and aligned in field

EXAMPLE: A system that combines a single large dish with a receiver unit which must be
aligned with the focal point of the disk.

Note 1 to entry: This term is used to differentiate certain CPV designs from the CPV modules mentioned above.

3 Specifications for solar trackers for PV applications

a) |Specification template
All tradkers complying with this specification should provide, as pa [ € t.marking

subclalises of this Technical Specification for further explanatiq indi i ions.

Some pf the specifications within the table are optional; ©doweye acturer
chooses to include optional information, it should be re specific
way shown in Table 1 (and in some cases, in this Terhnical
Specifigation).

Enginegring safety factors should be {i i standards and appligations
details[and documented by the tracker

The spgcification template below is a
requirements.

Characteristic 4 Notes/Clause/Subclat

Manufdcturer

Model pumber

Macker, Dual Axis

Type of tracker

yload characteristics

Minimu i 100/1 025 kg
supporfe

Payloagl center mass
restrict|o

Maximdmidynamic torques Azimuth (0,): 10 kN-m 4.13.2,7.3
allowed while moving

0-30 cm distance perpendicular to 4.8.3
mounting surface

O, 0, 5 kN'm

[ should provide a set of diagrams to
clarify torques and which axes they
are relative to ]

Maximum static torques allowed [ should provide a set of diagrams ] 4.13.1,7.3
while in stow position

Installation characteristics

Allowable foundation Reinforced concrete 4.6.2
Foundation tolerance in primary +0,5° 4.9
axis

Foundation tolerance in secondary | + 0,5° 4.9
axis

Electrical characteristics

Includes backup power? No N/A
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Characteristic

Daily energy consumption

—9-

Example
1 kWh typical

5 kWh maximum

Notes/Clause/Subclause

4.7.1

Stow energy consumption

kWh typical

1 KWh maximum

4.7.2

Input power requirements

100-240 VAC, 50-60 Hz, 5 A

Tracking accuracy

No specifics defined

during

Accuracy, typical 0,1° 5.4.6

(low wind, min deflect point)

Accuraty, typical 0,3° 5.4.6

(low wind, max deflect point) /\(/\
Accuraly, 95" percentile 0,5° 5.4

(low wihd, min deflect point) <\ \
Accuraly, 95" percentile 0,8° S.N \)
(low wipd, max deflect point) (\ \

Mean Wind speed during the “low 3 km/h &6\\/
wind” tgst conditions

Accurapy, typical 0,7° \) N 5.4N

(high wiind, min deflect point) / ‘\>

Accurapy, typical 1,0° \_/ 5.4.6

(high wfind, max deflect point) \\

Accuraly, 95" percentile 1,1 \> 5.4.6

(high wiind, min deflect point) /TN m\

Accuraly, 95" percentile \1&6" 5.4.6

(high wind, max deflect pom/\ “

Mean Wind speed @th “high ?Z\Qh \) 5.4.6

wind” tgst conditio

Weight|and area ofm Moad evenly distributed 5421

installefd during tes over a m2 area

Payloafl center ofmass instalied P\yl'oéd center of mass 20 cm above 5.4.2.1

e module mounting surface

Contro Hybrid 4.5

Control interface None 4.8.9

Externgl communication’interface Ethernet/TCP-IP No specific description
Emergéncy stow provided? Yes at wind speeds 100 km/h 464 4123

Stow time 4 minutes 4.6.4

Clock accuracy 1 second per year N/A

Mechanical design

Environmental conditions

Range of motion, primary axis + 160° azimuth 4.6.3.3
Range of motion, secondary axis 10°-90° elevation 4.6.3.3
System stiffness Azimuth (0,): 0,05°/ 1 000 N-m, ©_: 6.3
0,1°/1 000 N-m
Diagrams attached show applied
loads and observed deflection
Backlash 0,1° maximum 6.2

Maximum allowable wind speed

Design values:

4.12.3
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Characteristic
during tracking

-10 -

Example

80 km/h with 0 % terrain slope, open
country,

60 km/h with 8 % terrain slope,
suburban, urban

Tested to:

60 km/h with 0 % terrain slope, open
country

TS 62727 © IEC:2012(E)

Notes/Clause/Subclause

Maximum allowable wind speed in
stow

Design values:

150 km/h horizontal wind,

4.12.4

Tested to:
80 km/h with 0 % slope

Tempefature operational range

—20 °C to +50 °C

Tempefature survival range

—40 °C to +60 °C

Snow rhting

Up to 20 kg/mZ2 of snow load allowéd,

For an [alternate template for the presentation of accy

4 Tracker definitions and taxo

4.1 General

Solar tfackers are mechanical dewces us

sunlight on PV cells or
standard photovoltaic (P
these fracker types ca

their agtuation archite
supporfs and fo@'

4.2 Payload type
421

4211

Standafrd photovQlta 'c
light and a pho
amount of power ge

efating capaC|ty

types:
ach of

ir axes,

vertical

intoming
a fixed

4.2.1.2 —T-y'pe-of—l'ig'ht-au»epted

Photovoltaic modules accept both direct and diffuse light from all angles. This means that
systems implementing standard photovoltaic trackers produce energy even when not directly
pointed at the sun. Tracking in standard photovoltaic systems is used to increase the amount
of energy produced by the direct component of the incoming light.

4.2.1.3 Accuracy requirements

In standard photovoltaic systems, the energy contributed by the direct beam drops off with the
cosine of the angle between the incoming light and the module. Thus trackers that have
accuracies of £ 5° can deliver more than 99,6 % of the energy supplied by the direct beam. As
a result, high-accuracy tracking is not typically used.
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4.2.2 Concentrated photovoltaic (CPV) module trackers
4.2.21 Uses

Concentrated photovoltaic trackers are used to enable the optics used in CPV systems. These
trackers point the concentrator modules at the sun or focus sunlight on PV collectors.

4.2.2.2 Type of light accepted

Direct solar radiation, as opposed to diffuse solar radiation, is the primary energy source for
CPV modules. Optics are designed specifically to focus the direct radiation on photovoltaic
cells. If this focus is not maintained, power output drops substantially.

If the GPV module concentrates in one dimension, then single axis tracking is r . If the
CPV mpdule concentrates in two dimensions, then two axis tracking is<equi

4.2.2.3 Accuracy requirements

In congentrator modules, tracking accuracy requirement energy

production through the module acceptance angle. When the Qr is less than the
acceptance angle, the modules will typically deliver 90,8 S K the ed power output.

4.3 Rotational axes
4.3.1 General

Photovpltaic trackers can be grouped In a Ry the—rumber and orientation|of the
tracker|s axes.

4.3.2 Single axis trac

4.3.2.1 General

Single pxis tracl«@

4.3.2.2

4.3.2.2

There ar plementations of single axis trackers. These include hofizontal
single axi | single axis trackers, and tilted single axis trackers.

4.3.2.2

The ax round.

IEC 1028/12

4.3.2.2.3 Vertical single axis tracker (VSAT)

The axis of rotation for vertical single axis trackers is vertical with respect to the ground.
These trackers rotate from east to west over the course of the day.
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IEC 1029/12

4.3.2.2.4 Tilted single axis tracker (TSAT)

All tradkers with axes of rotation between horizontal and vertical are considered tilte(isingle
axis trdckers. Tracker tilt angles are often limited to reduce the wind p se the
elevatdd end’s height off the ground.

The pdlar aligned single axis tracker (PASAT) is a specific vefsion\of h i ingdle axis
tracker] In this particular implementation, the tilt angle is equa ! i of the
installation. This aligns the tracker’s axis of rotation with the ea i

4.3.2.3 Orientatio
The ax|s of rota@
possible to align thémy

43.2.4

espect to rotational axis

The or|entatign of™ with respect to the tracker axis is important when maqdelling

Horizomtal and\lilted\single axis trackers typically have the face of the module oriented
paralle of rotation. As a module tracks, it sweeps a cylinder that is rotationally
symmellric around the axis of rotation.

Vertical single axis trackers typically have the face of the module oriented at an angle with
respect to the axis of rotation. As a module tracks, it sweeps a cone that is rotationally
symmetric around the axis of rotation.

4.3.3 Dual axis trackers
4.3.3.1 General

Dual axis trackers have two degrees of freedom that act as axes of rotation. These axes are
typically normal to one another. The axis that is fixed with respect to the ground can be
considered the primary axis. The axis that is referenced to the primary axis can be considered
the secondary axis.
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4.3.3.2
4.3.3.2

Dual axis tracker implementations

| General

There are several common implementations of dual axis trackers. They are classified by the
orientation of their primary axes with respect to the ground. Two common implementations are
tip-tilt trackers and azimuth-altitude trackers (see Figure 1).

One convention for azimuth angle is “degrees east of north” (e.g. 0° azimuth is pointing north,

and 90

° azimuth is pointing east).

One convention for altitude angle is “degrees up from the horizon” as illustrated below. Zenith

angle i

The al
differen
of a tr
+ 160°

4.3.3.2

A tip-

5 the complement of altitude angle (zenith = 90° — altitude).

6=290°

IEC 1031/12

(zenith angle = 90°) occurs
lule face is pointing to the horizon.
zenith angle = 0°) occurs

tilt¢.dual axis tracker (TTDAT) has its primary axis horizontal to the groun

but a
motion
zimuth

d. The

secon

The po

ary axis 1s then typically normal to the primary axis.

lar-style dual axis tracker is a particular type of TTDAT.

IEC 1032/12
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.3 Azimuth-altitude dual axis tracker

An azimuth-altitude dual axis tracker (AADAT) has its primary axis vertical to the ground. The
secondary axis is then typically normal to the primary axis.

4.3.3.3
The ax

meridid
with ad

43.3.4

The or|

perforr;rance. Dual axis trackers typica
(

of rota

4.4 |
4.4.1
4411

There
actuati

4.4.1.2

In a did
actuate

4413

In a g4

¢

IEC 1033/12

Orientation — cardinal direction

ion.

Actuation and control
Architecture
General

hre two c@o
bn. These areA

architectures: distributed actuation and

nged”actuation architecture, many axes of rotation are simultaneously driven

single

ctuation system. This can be multiple axes on a single tracker or multiple tra

e north
rection

delling
ry axis

panged

hdently

with a

kers in

an arra

442
4.4.21

y.
Drive types

General

There are three drive types used with solar trackers.

4.4.2.2

Electric drive

Electric drive systems transfer electrical energy to AC motors, DC brushed motors, or DC
brushless motors to create rotational motion. These motors interface with gearboxes that
reduce the rotational speed in exchange for additional torque. The final gearbox stage
delivers either rotary or linear motion that is used to drive a tracker axis.
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4.4.2.3 Hydraulic drive

Hydraulic drive systems use pumps to generate hydraulic pressure. The hydraulic pressure is
transferred through valves, pipes, and hoses to a hydraulic motor or cylinder. The hydraulic
motor and cylinder adjust the mechanical advantage as needed to deliver the rotary or linear
motion to drive a tracker axis.

4.4.2.4 Passive drive

Passive drive systems use differential fluid pressure to drive a tracker axis. The pressure
differential is created by thermal gradients created by differential shading. The tracker moves
to bring the pressure differentials to equilibrium.

4.5 Types of tracker control

4.51 Passive control

n fluid
osition

Passivg¢ solar tracking typically relies on environmental force
density, which provide internal forces that can be used for
the payload.

4.5.2 Active control

4.5.2.1 General

Active polar tracking uses supplied po actuators (motors, hydraulics,

and others) to position the payload.

4.5.2.2 Open loop control

Open lpop control is an a that does not use direct sensing of ﬂhe sun

positio:l:, module powe . It/uses mathematical calculations of the sun
position (based on_the 3f 6 fe, lotation, and so on) to determine where the ftracker
should|be pointi@ ; 1i

Note th do not

provide 8 be servo motors with encoders and could themselves
be con i

Open | direct
feedba

4.5.2.3

This is|an”active method of tracking that utilizes some sort of feedback (such as an|optical
sun position sensor or the module power output) to determine how to drive the actuators and
position the payload.

4.5.2.4 Hybrid control

This is an active method of tracking that combines the mathematical sun position calculations
(open loop ephemeris code) with the type of sensor data used in a closed feedback loop.
There are many different approaches to hybrid control.

4.5.3 Backtracking

Backtracking refers to intentionally positioning trackers somewhat off-sun, typically to reduce
shading from adjacent trackers in a close-packed installation during the early morning and
late afternoon when the sun is low on the horizon.
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One method involves moving all the trackers in a field to a slightly higher elevation angle to
avoid shading. Another approach is for every other row to be inactive and positioned at 0°
(pointing at the sky) to allow the other rows clear line-of-sight to the sun without shading. This
is useful mainly in designs that do not have access to enough land area to be spaced far
enough apart to avoid shading in the early morning and late afternoon. Backtracking is
typically not applicable to CPV.

4.6 Structural characteristics
4.6.1 Vertical supports
4.6.1.1 General

Vertica‘ supports transfer the load of the structure to the foundation. There ar
types df vertical supports.

pmmon

4.6.1.2 Pole-mounted trackers

A poletmounted tracker transfers the load to the foundatign .| These

poles dttach to or continue into one or more foundations.
All typgs of trackers (single axis and dual axis) can bé

4.6.1.3 Carousel-mounted trackers

A caroyisel-mounted tracker transfers is then

attachdd to the foundation at multiple poi

Vertical single axis tracker, ers that

can be|carousel mounteds

4.6.2 Foundation t
4.6.2.1

The logd placed on

Trackef cation-
specifig 3 s. The
foundatign type usSed ‘will depend on site-specific characteristics and the codes of the local
jurisdictti

Foundation types a
surfacsq.

¢’ often categorized by whether or not they penetrate into the mounting

4.6.2.2 Penetrating foundations
4.6.2.2.1 Pile foundations

Pile foundations (also known as deep foundations) come in a wide variety of types. These
include but are not limited to concrete piles, driven piles, and drilled piles.

Pile foundations are common in ground-mounted and water-mounted applications. Hole
diameters, depth, concrete mixtures, rebar requirements, thread type, and other
characteristics are all determined by local site conditions.
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4.6.2.3 Non-penetrating foundations
4.6.2.3.1 Ballasted foundations

Ballasted foundations (also known as shallow foundations) come in a wide variety of types.

Ballasted foundations are found in ground mount and roof mount applications. The area in
contact with the surface, total mass, material type, rebar requirements, and other
characteristics are all determined by local site conditions.

4.6.3 Tracker positions

4.6.3.1 Stow

The stq s (e.g.,
high wind or heavy snow) are present or expected in order to avoid i amage
the tragker or payload. Not all trackers will have a stow position, a ¢ iflon will

vary dgpending on the tracker design.

4.6.3.2 Maintenance

The m4 baning,
module 3 yO'sition &s the stow posjition or
a differ ' i Dsition,
there perator
interacti

4.6.3.3

The ra tion, in
each axis.

For exgmple, a turret-s i axi , m true
south [or in the ‘@ ( g above, +45° to +315° azimuth (east of north)]. An
elevatipn-style secondaryN\ax| i

The rampge of motign sy p ented.

Note th \1s not only defined by any mechanical limits: the presg¢nce of
electroni software settings may be used to further restrict the rgnge of
motion § a8 safety or reduction of shading.

motion|that’can be commanded by the combination of hardware and software.

If the trackerincludes a controller, the range of motion should refer to the maximum rTnge of

4.6.4 Stow time

The stow time is the time for the tracker with a standard payload to move from the position
farthest from the stow position to the stow position.

4.7 Energy consumption
4.71 Daily energy consumption

The daily energy consumption of a tracker is defined as the amount of energy in kWh that is
required to perform a full 24 h day of tracking (from start to stop at a typical tracking speed
and back to start by whatever speed is standard for that tracker) carrying a standard load.
The energy consumption will likely vary based on the wind loading and possibly also on cloud
cover and other weather conditions. The energy consumption will also vary depending on the
time of year.
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4.7.2 Stow energy consumption

The stow energy consumption of a tracker is defined as the amount of energy in kWh that is
required for the tracker to move from the position farthest from the stow position to the stow
position.

4.8 External elements and interfaces
4.8.1 Foundation

The foundation is the support structure that is nominally fixed with respect to the terrain. It is
equivalent to the mechanical “ground” symbol.

4.8.2 Foundation interface

The foyndation interface attaches the tracker to the ground or roofte ign will
allow g$ome maximum misalignment between the tracker and th j correct
operatipn.

4.8.3 Payload

The pgyload is the object being moved by the tracker, typics r CPV
modulds combined with some mounting structure (but(npt i i g f). The
tracker| shall specify a minimum and maximum i f i as any
restrict

Accura
an arrg

with a payload installed|(either
simulate the mass, mass distribution,

4.8.4 Payload interface

The payload integface 3 . een the payload and the tracker. It is defined by
the method of @e K (s) for

transmitting loads b

4.8.5

Provisi hanical

interfag

4.8.6

The paylgad-electrical interface includes any electrical connections between the tracker and
the payload. Generally, electrical signals are not passed through trackers (except in af purely
mechanical manner). For some tracker control schemes, however, electrical behaviour(s) of
the payload are used as feedback, e.g., PV module output current or module output power.

4.8.7 Grounding interface

The grounding interface includes connections for the tracker to be grounded in case of a fault
and for electrostatic discharge (ESD) protection.

4.8.8 Installation effort
4.8.8.1 General

The installation effort includes the man hours necessary to install the tracker. This should also
include the equipment needed to install the tracker.
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4.8.8.2 Range of latitude installation

This specifies the range of latitudes between 0° and 90° that the tracker design
accommodates. Note that the tropics region requires that the tracker go past 90° elevation at
certain times of the year.

If the tracker control software is only designed for operation in one hemisphere, this should
also be mentioned.

4.8.9 Control interface

4.8.9.1 Human/manual interface

This dgscribes any methods for an operator who is physically present ai the tracker.to’lcontrol
some ¢of the functions. This could include switches or buttons to co t or an
emergégncy stop button to halt motion. Each tracker design may pro ' vels of
manual interface.

4.8.9.2 Remote interface

A remote interface for the tracker could involve wirg and a
variety|of communications protocols and user interfag -based
interfage.

4.9 Internal tolerances
4.9.1 Primary axis tolerance

pen the
dllation.

Primary axis tolerance is th
specifigd primary axis veg
The tolerance can be define

IEC 1034/12

Figure 2 — lllustration of primary axis tolerance for a polar tracking axis

The tolerance is also used as a method to indicate how accurately the primary axis shall be
manufactured and installed. For example, a tracker manufacturer might specify that the
tracker will perform within specification as long as the primary axis is installed within one
degree of the nominal position.
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4.9.2 Secondary axis tolerance
The secondary axis tolerance is defined as the total acceptable error, in milliradians or

degrees, between a vector which is perpendicular to the primary axis and the actual vector
which is the secondary axis.

4.10 Tracker system elements
4.10.1 Mechanical structure

The mechanical structure supports the photovoltaic modules or assemblies. It provides the
strength and stiffness necessary to survive exposure conditions traceable to the foundation.

4.10.2 | Tracker controller

motor
nclude

The trgcker controller consists of all control electronics such as
drivers| power supply/transformer, and communication links. It %
positional sensor, such as encoders or limit switches.

4.10.3| Sensors
Sensors include ones that allow for closed loop co 9 power
output) 2 rs, and

so on)|as well as ones that provide addition Qr either system control or
monitofing (temperature, wind speed

4.11 Reliability terminology
4.11.1| General

Failurg: any state of the tre c y use.

Criticall failure: gry st S ker which causes a safety concern or major damage to
the tragker syst .

Maintejnance delaf arts or

service

Facility delay ti d r other
facility |is S

Total downtime: mai

Tracker'uptime: time that the tracker is functional.

Repair time: time for service personnel to repair equipment once parts and people are on
site.

% Tracker uptime = tracker uptime / (total time — (maintenance delay + facility delay)) x 100.

4.11.2 Mean time between failures (MTBF)

MTBF is defined as the average number of hours the tracker operates without failure requiring
maintenance. It may be constructed of yearly data and shall be bounded by a statistical
analysis. Each component of the tracker should have clearly identified MTBF data. However,
the combination of this data into one statistical metric shall be done with an averaging
scheme, representing the tracker as a system of components. Tracker documentation shall
describe the MTBF strategy in terms of this averaging.
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Estimated MTBF = tracker uptime / number of tracker failures that occur during productive
time.

4.11.3 Mean time between critical failures (MTBCF)

MTBCF is defined as the average number of hours the tracker operates without failure that
can be considered a safety hazard or that causes major damage to the tracking system or
foundation. It may be constructed of yearly data and shall be bounded by a statistical
analysis. Each component of the tracker should have clearly identified MTBF data. However,
the combination of this data into one statistical metric shall be done with an averaging
scheme, representing the tracker as a system of components. Tracker documentation shall
describe the MTBF strategy in terms of this averaging.

Estimajed MTBCF = tracker uptime / number of tracker critical fail during
productive time.

4.11.4| Mean time to repair (MTTR)

MTTR , fixed,
and reinstalled, or removed and reinstalled with a new unit. ItN 3 ly data
and sh d have
clearly

Estima 3 related fai ur@No. of tracker related failures.
412 |

4121

This b ng the
other p

4.12.2

This b bmage,
though acy or
speed

4.12.3

This sh ximum
wind s y). It is
recommended that\{his rating also specifies the terrain slope under which this wind rating
applies| (franufacturers may want to specify separate wind ratings for flat ground and|terrain

with a given-slopeforexample)-

4.12.4 Maximum wind during stow

This should include both the rated (design value) for maximum wind and specify the maximum
wind speed under which the tracker has been actually tested (not counting modelling).

4.12.5 Snow load

The tracker can be rated for snow load in kg/m?2.
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4.13 Functional tests
4.13.1 Static load test

The load provided in the specification template as presented in Clause 4 shall be statically
applied to the tracker, which is mounted to its foundation, as to be the same as the loading
that a frame with modules or just a module will exert on the tracker. The safety factor is
specified by the manufacturer.

4.13.2 Moment testing

The moments provided in the specification template as presented in Clause 4 shall be tested
on a trgeke hratis—meounted—te—s—foundaton—as—to—be—the—same—as—the—mermen hat the
tracker| will see during operation. The moments may be administered py a m and
forces ppplied to the lever arm in the appropriate direction(s).

4.13.3 | Limit switch operation

If limit [switches exist, limit switch operation should be tested er fo each
limit and verifying that the motion automatically stops.

4.13.4| Manual operation

Manual| operation tests should be complete bs  and

mechanical movement from switches.

5 Tracker accuracy characteriza

5.1 Overview

This s istincti e tw nstantaneous pointing error and re¢ported
tracking accuracy, Methods g ption is

5.2

The pojnting error\of a so s the angle between the pointing vector of the modgule (in
many dases {this™is grmal to the face of the module) and the pointing vectof of the
sun (See K| pointing error is not just the accuracy of a subsystem (quch as
the ge controller) but it is the sum of all subsystem errors: that|is, the

actual inangle Between where the tracker is pointing and where the sun is|at that
momert in times
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IEC 1035/12

Figure 3 — General illustration of pg

5.3 Measurement
5.3.1 Overview

Pointing error should be directly medsur q of the
tracker|or from the values reported by bd with
a senspr which mounts on the tracker jat asures
the relative sun position.

5.3.2 Example of experime
Experimental tracking acs is & G C ini inti tracker

over a| specified e. ihed by
using two flat p
) L 4

aving a
pinholg in it so as ow).
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Sun vector pinhole

Specified
distance

|

Accuracy:
+0,3°

] +0,2°

Fig

mately measure 0,1°

sunli 0,2°,
gssary)

Alternately, a lens or other optics could st ap image of the sun on the detgctor.
The pr e S arld analyzed with photosensitive paper, a
photod ) S
Anothe alterna' g i § generated by the sun’s direct beam gn split
detectqrs. When pojriti i bn and
therefore generateney ; 2 b other
will g igration factor and a simple calculation translate the
measu p 2
5.3.3
The toq pointing error (whether it be a photodiode, camera, or other $ensor)

shall bge separate ibrated to an accuracy at least three times the tracker accuracy it will
be usqd_to_measuré. For example, if a tracker pointing error of 0,06° is reported, the
measufement device shall be calibrated and verified to 0,02° or better accuracy. T

The calibration should be performed either with sunlight or under an artificial light source with
intensity at least 100 W/mZ2 and collimation 1° or smaller.

Accuracy under at least 10 different sun locations (ranging from the center to the corner of the
sensor field of view) shall be verified during this calibration process.

5.4 Calculation of tracker accuracy

5.4.1 Overview

e Measure data using a pointing error sensor and measurement method (as described
earlier) over a minimum of 5 days.

e Divide the data into a high and low wind speed bin based on a 4 m/s threshold.


https://iecnorm.com/api/?name=f5694fdbc7ef1c830f828f527260dd53

TS 62727 © IEC:2012(E) - 25—

o Filter the data (for example, remove data taken during low irradiance conditions).

e Calculate statistics on each set of data and report tracking accuracy.
5.4.2 Data collection
5.4.2.1 Tracker setup

The tracker should be installed according to the manufacturer recommendations.

The maximum rated payload shall be installed on the tracker for accuracy testing with mass
per area and center of mass location matching the end application within + 20 %.

Payloaf weight, center of mass, number of units, and any air gaps bet een its sh(LuId be

documented in the test results, and a photograph of the test setup sho

5.4.2.2 Sensor mounting

One ppinting error sensor should be mounted on the est focati ximum
deflectlon of the tracking plane (typically the corner or edgg 8 try

It is supgested to mount a second pointing error senSor in the € i ane or
the poinpt of minimum deflection. If this sensor is omittec iscporti ificatign table
should|read “not measured.”

5.4.2.3 Data recording parameter
Recorded data should include:

e Trafker pointing error

e Dirgct normal irradignce

e Glopal irradiance
e Wind speed 6

e Date and time

Trackef ded in 1 min instantaneous increments.

The 10
wind can either be
height find ‘corrected

m height wind speed should be recorded in 1 min increments; the
sured at 10 m above the ground or it can be measured at the [tracker
to a height of 10 m.

Data should be recorded for a minimum of 5 days with a minimum direct normal irradiance per
day of 2 400 Wh/m2 (for example, at least 6 h of a DNI of 400 W/m2 or greater).

The date and location of the test should be reported to facilitate assessment of adequacy of
the data collection, particularly with respect to range of motion.

5.4.3 Data binning by wind speed

The data is to be separated into a low wind speed bin if less than or equal to the wind
threshold of 4 m/s and separated into the high wind speed bin if greater than 4 m/s.

Two bins represent a compromise to minimize test duration, complexity, and cost. The
manufacturer may choose to report tracking accuracy statistics for additional wind speed bins
and include relationship with wind direction.
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