INTERNATIONAL ISO
STANDARD 9846

First edition
1993-12-01

Solar energy — Calibration of a
pyranometer using a pyrheliometer

Energie solaire — Etalonhage d'un pyranométre utilisant un pyrhéliometre

|

&

il

Reference number
1SO 9846:1993(E)

0


https://standardsiso.com/api/?name=32fb6be876b9212d39c2e661d645b54c

ISO 9846:1993(E)

Contents
Page
T S COPE oo 1
2  Normative referenCes .......cccccviiiiiiiiiiiiiic e 1
3 DEfiNItIONS ot 1
4 Selection of Methods oo 2
5 Alternatind; sun-and-shade method ..o 2
6 Continuous sun-and-shade method  ......ccoociiiiiiiiine, 5
7 Certificate of calibration ..., 7
8  UNCErAINTY oo 8
Annexes
A Shade digC dBVICES ..o 9
B Calculatign of the angle of incidence #n of a solar beam on an inclined
PIANE | ettt £ 14
C Extended version of the sun-and-shade method  ...........7.... 16

D Multiple-teading version of the alternating sun-and-shade
MEthod | e ok 17

E Extended| version of the continuous sun-and-shade method 18

F Comparispn of the alternating sun-and-shade method (ASSM) and the

continuods sun-and-shade method (CASSM)  ...viiiiiiiiiiinnen. 19
G Bibliography e e 20
© I1SO 1993

All rights reserved. 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 per-
mission in writing from the publisher.

International Organization for Standardization

Case Postale 56 « CH-1211 Geneve 20 ® Switzerland

Printed in Switzerland


https://standardsiso.com/api/?name=32fb6be876b9212d39c2e661d645b54c

ISO 9846:1993(E)

Foreword

LI -

ISO (the International Organization for Standardization) is
federation of national standards bodies (ISO member bodi
of preparing International Standards is normallyrcatried ou
technical committees. Each member body -interested in
which a technical committee has been established has t
represented on that committee. International organizations,
and non-governmental, in liaison with I1SQ; also take part in
collaborates closely with the International Electrotechnica
(IEC) on all matters of electrotechfical standardization.

Draft International Standards<adopted by the technical cqg
circulated to the member bodies for voting. Publication as a
Standard requires approvalby at least 75 % of the member
a vote.

International Standard 1SO 9846 was prepared by Technig
ISO/TC 180, Saolarenergy, Sub-Committee SC 1, Climate —
and data.

Annexes A, B, C, D, E, F and G of this International Stang
formation’ only.
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Introductiaon

This Internatiopal Standard is one of a series of standards specifying

methods and i

From meteoro
ence has bee
methods may
ence radiomet

struments for the measurement of solar radiation.

ogical applications of pyranometers, considerable experi-
h gained with a number of calibration methods. These
be divided into two groups specified by the type of refer-
br used. Calibration methods using pyranometers as a ref-

erence have bgen treated in ISO 9847; methods using pyrheliometers are

the subject of

The latter met
pyranometers,
compared with
lar radiation wi

On the other h

his standard.

hods are more complicated than the former, because the
which typically have a field-of-view angie of 2z, have to be
pyrheliometers, which are designed to measure direct:so-
hin a relatively small field of view.

and, due to the relatively high accuracy of pyrheliometers,

the latter methhods are more accurate than the former ones,*Since the

WMO world ra
of irradiance, i
transfer of the
standard pyrhe
brations are gi

It should be e
means the trar
conditions. The
(calibration fun
The characteri
International St

diometric reference (WRR), which represents the S| units
5 determined by a group of selected pytheliometers, the
scale to pyranometers has to be accomplished by using
liometers (see 1SO 9060). Short descriptions of the cali-
enin [1], [2] and [3].

mphasized that “calibration efia pyranometer” essentially
sfer of the WRR scale to.the pyranometer under selected
determination of the dependence of the calibration factor
ction) on variable paraméters is called “characterization”.
ration of pyranometérs is the subject of the appropriate
andard for test methods for pyranometers.
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1 Scopge

The object

of this International Standard is to promote

the unifornp application of reliable methods to calibrate

pyranomet
the basis
data which
cations or

This Intern
meters in
use is ma
standard p
recommen
which are
sons. For
pyranomet
ISO 9847).

This Intern
institutions]
maintained|

2 Nornm

The follow

brs, since accurate calibration factors are
of accurate hemispherical solar radiation
are needed for solar energy test appli-
simulations.

ptional Standard is applicable to all pyrano-
horizontal as well as in tilted positions. Its
ndatory for the calibration of secondary
ranometers according to ISO 9060, and is
Hed for the calibration of pyranometers
Lised as reference instruments in compari-
other applications, the method using
brs as references may be used((see

htional Standard is intended foruse by test
or test laboratories equipped with well-
pyrheliometers.

ative references

ing standards contain provisions which,

through referencexin this text, constitute provisions

of this Int
cation, the

brnational Standard. At the time of publi-
editions indicated were valid. All standards

ISO/TR 9901:1990, Solar Cenergy —
meters — Recommended practice for U

3 Definitions

For the putpgses of this International
definitionsgiven in ISO 9060 and the
nitions. apply.

3;1~calibration of a radiometer: De
the responsivity (or the calibration fac]
ciprocal) of a radiometer under well-def
ment conditions.

3.2 reference pyranometer: Pyran
ISO 9060), used as a reference to o
pyranometers (see SO 9847),
maintained and carefully selected instr
tively high stability and which has bg
using a pyrheliometer.

Whicm

Field pyrano-
se.

Standard, the
ollowing defi-

ermination of
tor, as its re-
ned measure-

ometer (see
alibrate other

is a well
ment of rela-
ten calibrated

3.3 field-of-view angle of a pyrheliometer: Full

angle of the cone which is defined by
the receiver surface (see ISO 9060, 5.1
der of the aperture, if the latter is cirg

the centre of
) and the bor-
ular and con-

centric to the receiver surface; if not, effective angles

may be calculated [4].

3.4 solar tracker; sun tracker: Po
manually operated support which is en

wer-driven or

hployed to di-

are subject to revision, and parties to agreements
based on this International Standard are encouraged
to investigate the possibility of applying the most re-
cent editions of the standards indicated below.
Members of IEC and ISO maintain registers of cur-
rently valid International Standards.

ISO 9060:1990, Solar energy — Specification and
classification of instruments for measuring hemi-
spherical solar and direct solar radiation.

ISO 9847:1992, Solar energy — Calibration of field
pyranometers by comparison to a reference pyrano-
meter.

rect a pyrheliometer to the sun.

“Equatorial trackers” are sun-following devices which
have an axis of rotation pointing towards the elevated
pole; the axes of motion are the hour angle and the
declination of the sun. “Altazimuth trackers"” are sun-
following devices with the solar elevation angle and
the azimuth angle of the sun as coordinates of
movement.

3.5 sun-shading disc device; shade disc device:
Device which allows movement of a disc in such a
way that the receiver of the radiometer (for example,
a pyranometer) is shaded from the sun.
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For calibration purposes, particularly those described
in clause 5, quick removal of the disc is mandatory.
Further details on shade disc devices used in cali-
brating pyranometers are given in 5.2.4.

3.6 direct solar radiation: That part of the
extraterrestrial solar radiation which as a collimated
beam reaches the earth's surface after selective at-
tenuation by the atmosphere.

The quantity measured is the direct solar irradiance,
expressed in watts per square metre (see also
1SO 9060).

to direct solar irradiance are derived from the differ-
ence between the measured values of hemispherical
solar irradiance and the diffuse solar irradiance (see
note 1, 3.8). These values are measured periodically
by means of a movable sun shade disc. For the cal-
culation of the responsivity, the difference in ir-
radiance components is divided by the measured
direct solar irradiance normal to the receiver plane of
the pyranometer.

In the following subclauses the basic method is de-
scribed. Modifications of this method, which may im-
prove the accuracy of the calibration factors but

3.7 hemispthicaI solar radiation; global radi-
ation: Combindd direct solar radiation and diffuse so-
lar radiation.

The quantity mpeasured is the hemispheric solar ir-
radiance, expressed in watts per square metre (see
also 1ISO 9060).

3.8 diffuse sqlar radiation: That part of solar radi-
ation which re@ches the earth as a result of being
scattered by the air molecules, aerosol particles, cloud
and other partidles.

The quantity measured is the diffuse solar irradiance,
expressed in watts per square metre (see also
ISO 9060).

NOTE 1  For mpeteorological purposes, the solid angle
from which the sg¢attered radiative fluxes are measured shall
be the total sky hemisphere, excluding a small solid angle
around the sun's|disc.

4 Selection of methods

Two calibration methods have been sselected for
standardization [ because they are widely used and are
reliable. Both fnethods use shade-disc devices for
measuring diffuse solar radiation and-are based on the
hemispherical golar radiation being equal to the sum
of direct solar dnd diffuse salarradiations.

The derived ca|ibration. fagtors are representative of
cloudless or scattered“cloud conditions (see clause 8
for uncertaintigs). AA\modification of the calibration
method in claugé~5 for application during less stable

sky conditions isbriefty describedmanmnex

Annex D contains a short description of an extended
version of the calibration method in clause 6 to de-
termine the dependence of the calibration factors on
incidence angles.

5 Alternating sun-and-shade method

5.1 Principle

The pyranometer under test is compared with a pyr-
heliometer measuring direct solar irradiance. The
voltage values from the pyranometer that correspond

require more operational experience, are nfentioned
in annexes C and D.

5.2 Apparatus

5.2.1 Pyranometer.

In principle, this method“€an be applied to|any type
of pyranometer.

5.2.2 Pyrheliometer.

The choice ©of pyrheliometer used as the feference
should bekmade according to the required|accuracy
and the (@perational conditions. Generally, decondary
standard' or first class instruments (see clagsification
in 1SO 9060) which are regularly compared| with pri-
mary standards represent a satisfactory levell of accu-
racy (see also clause 8). The pyrheliometgr should
produce at least one reference value every 2 min.

5.2.3 Solar tracker, power driven or mandally oper-
ated, employed to direct the reference pyrheliometer
to the sun for the entire test period. A solar tracker
of the altazimuth type should be used for| pyrhelio-
meters whose responsivity over the receivgr surface
is not circular-symmetrical. The required trgcking ac-
curacy depends on the slope angle (see 1S 9060) of
the pyrheliometer. In the usual case the slope angle
is about 1°.

5.2.4 Shade disc device, meeting the follpwing re-
quirements:

a) The shade disc shall be positioned pergendicular
o-the-sun's+ay-andatatied-distance—d from the
centre of the receiver surface of the pyranometer.

b) The radius r of the shade disc should be larger
than the radius of the outer glass dome of the
pyranometer by a minimum of 4 tan(0,5°) to allow
for the divergence of the sun beam and small
tracking errors.

¢) The ratio r/d should define an angle at the centre
of the receiver surface which corresponds to the
field-of-view angle of the pyrheliometer.

NOTE 2 A fixed “shade slope angle”, corresponding
to the slope angle of the pyrheliometer, can only be


https://standardsiso.com/api/?name=32fb6be876b9212d39c2e661d645b54c

stated for pyranometers which are operated in a position
normal to the sun's ray. For other pyranometers, the
shade slope angle varies according to the angle of inci-
dence of the ray on the receiver plane.

d) Those parts of the disc holder which obscure the
field-of-view angle of the pyranometer should be
as small as possible in order to restrict the dis-
turbance of the signal to less than 0,5 %. Similar
regard to interference with other neighbouring in-
struments should be considered.

e) The sh

versa, fakes less than 5 % of the phase duration.

The five tyjpes of shade disc devices briefly described
in annex A are the designs of different institutions;
only one of them is commercially available at present.

5.2.5 Data acquisition system.

To acquirel the values, in millivolts, of the radiometer
readings, fhe system should be equipped with a pre-
cise digital voltmeter with a resolution of 1 uV and an
uncertainty of 0,1 % of the pyranometer's calculated
output at | 100 W m~ 2. High temperature stability is
required fpor outdoor operation. The data sampled
from all rafliometers should be recorded within about
1 s. A timg resolution for calculating the correspond-
ing solar glevation angle with an uncertainty of less
than 0,1° s required. For documenting the variation
of the mepsured values during the calibration.period,
the data should be appropriately recorded.

5.3 Measurement conditions

Clear sky ¢onditions are essential for reduced variance
in the resllts. However, clouds are tolerable if they
are at a lgrge angular distance from the sun (> 45°)

are outS|d I
on the measurement procedure

In principle, the other environmental conditions during
calibration should be similar to the typical conditions
during normal use of the pyranometer. The most im-
portant parameter is the range of solar elevation, fol-
lowed by the ambient air temperature, level of
hemispherical solar irradiance and tilt angle.

During calibration, wind conditions are also important,
since pyrheliometers operating with open tubes are
disturbed by strong wind speeds, especially gusts

coming from the sun's azimuthal direction. It is rec-

ommended that pyrheliometers are operated with

ISO 9846:1993(E)

wind screens if wind-induced instability of the
measurements is intolerable.

5.4 Measurement site

The measurement site shall offer rigid supports to in-
stall the instruments and be of convenient access.

In the case of horizontal pyranometers, obstructions
on the horizon are tolerable provided they do not ob-
scure the sun during the calibration period and their
effect on the measurements varies monotonically at
ection by ob-
structions should be avonded In the cgse of inclined
pyranometers, signal contributions’from the radiation
reflected by the foreground should vary in the sense
mentioned above.

Space must be provided around the pyfanometers for
the movement of the_shade disc. The distance to
other instruments sshould be large enough so that
possible interference can be neglected

The distange\"between the pyrheliometer and the
pyranometer’should be less than 30|m, otherwise
both radiometers may not be similarly dffected by the
samé<atmospheric events (for example, structured
turlsidity elements).

5.5 Installation

The installation of the pyrheliometer |and the solar
tracker as well as the pyranometer with the shade
disc device shall be carried out as described in the
appropriate operation and manufactuter's manuals,
and considering 5.4.

Pyranometers which are used in combination with a
ventilation device should also be ventildted during the
calibration procedure.

In the case of inclined pyranometers, the cable outlets
should point downwards to avoid intgrference from
rain or direct solar radiation (see ISO/TR 9901).

5.6 Calibration procedure

5.1 Prepars

Start the preparatory phase about 30 min before the
measurement phase to allow for:

— acclimatization of the radiometers, electronics and
data acquisition system;

— adjustment of radiometers, solar tracker and shade
disc device;

— checking of the electrical connections, test volt-
ages and zeroing tests;

— final cleaning of the optical windows.
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5.6.2 Measurement phase (single series)

The measurement phase consists of (2n + 1) intervals.
During (n+1) intervals the pyranometer is shaded;
during n intervals, which alternate with the former, the
pyranometer is exposed to hemispheric solar radi-
ation.

During the measurement phase

a) the pyranometer, tilted at an angle B, indicates:

where 1, is that time interval or response time in
which the pyranometer signal achieves a final value
deviating less than 0,3 % from the theoretical final
value.

NOTE 3 The setting of the same time interval ¢, for the
shading and hemispherical solar radiation phase is based on
the assumption that the response time of the pyranometer
during increasing and decreasing signals is approximately
the same.

The choice of ¢, should consider the setting conditions dur-
ing fine weather and cloudless conditions.

— if shadedrthe aignai fordiffuse—sotarrradiance
Ep 5 (indluding reflected solar irradiance if
B #0), (m+ 1) values. Read at the end of each
shading ipterval ¢, (see graph below)

d to hemispheric solar radiation, the
signal fof hemispherical solar irradiance Eg g,
n values.|Read at the end of each exposure to
hemisphegrical solar radiation interval £, (see
graph below);

— if expose

the pyrhelio
normal solar
taneously wi

neter indicates the signal for direct
irradiance E,, n values. Read simul-
h Eg, 5 (see graph below);

the thermometer indicates ambient air tempera-
ture or radigmeter temperature T, with readings
at least at thee start and the end of the series.

The time intervgl of each phase t, corresponds to the
time interval Within which the pyranometer signal
achieves its assjumed final value. Set (or remove) the
shade disc immediately (see 5.2.4) after the readings
of Eg 4 (or Ep g)|have been taken.

The measurement sequence is illustrated(in the fol-
lowing scheme:

Generally, for commercially available pyranomet
between 1 and 4 min; ¢ may be reduced bBy\w
artificial ventilation of the instrument.

ers t, lies
nd or the

diometer
shortest
to gusts
the time
for cal-
P.5).

The time interval between readings.of the ra
may be up to about 20 % longer than the
estimate ¢, if the system is-unstable (owing
or dust clusters, for instance). In any case,
of measurement must, be~recorded carefull
culation of the solar incidence angles (see 5.

Restrict the numbeér of intervals n of each s$eries so
that the duration (2n+ 1)t of a series is npt longer
than 36 min.The mean value of series of syich dura-
tion can then’be associated with small range$ of solar
elevationd@nd temperature. The number of intervals n
shall ,not be less than 3.

5.6.3 Number of series

Since the results of each series can exhibif
at least 10 series should be completed, fro
the final result can be determined. Complet
ries over three or more days to obtain enou
at mean solar incidence angles which dev
than + 5° from that angle representing thg
operating conditions.

scatter,
m which
e the se-
ph series
jate less
b normal

Shade disc set set set set

Time of reading 0 to 2ty 3ty bty Sty 2n-te (2n+1) -ty
I | | | L___ |

Reading of £y 4 X X X--- X

Reading of £¢, » X X ———

Reading of £, X X ——X

Reading of T >:< J— X
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5.7 Determination of the calibration factor

5.7.1 Evaluation of a single series

Determine the responsivity Rg(i) and the mean
responsivity Rg, expressed as microvolts per watt per
square metre or as millivolts per milliwatt per square
centimetre, from the appropriate group of measure-
ments according to:

Rs(i) =

ISO 9846:1993(E)

total number of reading inter-
vals (2n+1).

Identify and reject those Rg(i) which deviate by more
than 1 % from Rs. If more than n/2 are rejected,
eliminate the series from further calculations.

If there are sufficient Rg(i), calculate a corrected value
R

Rs =Rg(i,i = 1,n for i #j) ...

where j are those measurements i which were

{ J ﬂ(él) - U,b[VD‘ ﬂ(ét -1)+ VD, ﬁ(ét + )]t
{Vi(2i)Fy cos[n(2i)]}

(N

Ve, 520 = 051V, 2i = 1)+ Vp, 420+ 1]}

i=

Z V(2i)F,: cos[n(2i)]

i=1

(2
where
i indicates the measurement
within the series;
S indicates the series;
Ve, p(2i) is the hemispherical <solar ir-

radiance signal measured at
position 2i within.the series, in
millivolts, for instance;

Vb, g(Bi—1) or

is the (diffuse solar irradiance
signal"'measured at position
(20)1) or (2i+1) within the
series, in millivolts, for in-
stance;

Vo, s(Ri+ 1)

Vi(2iF, is the direct solar irradiance
calculated from the product of
the pyrheliometer signal V,(2i)

identified as deviat ng by Yo from RS'

5.7.2 Evaluation of the final results

If p calibration series are-carried out|at the desired
parameter ranges, the final-responsivity R is calculated
as the mean of all regponsivities Rg:

14
R=1 -IZRS(I) )

If a reduction formula AT.T,) is availablg, and there are
some series in which the temperaturg deviates sig-
nificantly from the desired value T, then apply AT.T,)
to.each Rg according to:

p

R =1 ATO.TIR) ..6)

I=1

NOTE 4 For some types of pyranometgers, temperature
coefficients o« are  specified so| that simply
AT.T)=[1-aT-T,)] is applicable.
Present the final result also in the form| of a calibration
factor F, expressed in watt square metres per micro-
volt:

F=— ...(6)

and the responsivity R.

6 Continuous sun-and-shade| method

and its calibration factor F,

n(2i) is the angle between the direc-
tion of the solar beam and the
perpendicular to the receiver
plane of the pyranometer, at
the time corresponding to set
position 2i. The angle of inci-
dence 7 is calculated (see an-
nex B) from the inclined
position of the pyranometer
and the solar position;

n is the number of readings of
Eg 5 and E, to be used from the

o1 Do H
o1 rlli'l'CI'pl'e

The pyranometer is compared with two reference
radiometers, namely a pyrheliometer and a well-
calibrated pyranometer measuring diffuse solar radi-
ation. The hemispherical solar irradiance s
determined by the sum of the direct solar irradiance
and the diffuse solar irradiance. The direct solar ir-
radiance is derived from the pyrheliometer signal. The
diffuse solar irradiance is measured continuously by
the second pyranometer with a shade disc device.
The method can deliver continuous results if continu-
ous pyrheliometer readings can be taken. The refer-
ence pyranometer is traceable to a pyranometer
calibrated with the sun-and-shade method.
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6.2 Apparatus

6.2.1 Pyranometer.

In principle this method can be applied to any type of
pyranometer. Secondary standard or first class instru-
ments which have to be calibrated regularly are rec-
ommended as reference pyranometers (see
ISO 9060). Pyranometers recommended for measur-
ing diffuse solar irradiance in clear sky conditions are
those which have low directional errors, the smallest
possible decrease in spectral responsivity in the
ultraviolet regiop > 0,3 pm and a small diameter o
eiver surface compared with the di-

eter.

See 5.2.3, but Wwell-calibrated pyrheliometers provid-
ing continuous $ignals are preferred.

6.2.3 Solar tracker.
See 5.2.3.

6.2.4 Shade disc device.

See 5.2.4, but Wwithout item €). Use of an automatic
shade disc is recommended.

6.2.5 Data acquisition system.

See 5.2.5, buf in the case of continuous data
measurement, fonsideration should be given to~re-
duce data acquipition to periods of up to 10 min.

6.3 Measur1ment conditions

In general, condlitions as described-in.5.3. Since the
data can be acquired continuousjydata obtained un-
der cloudy conditions are also acceptable, as long as

— the angular dlistance of the clouds from the sun is
greater than|15° and

— the angular jvelocity of clouds within the field of
view of the |pyranometer is small enough so that

6.5 Installation

See 5.5, but the two pyranometers shall be installed
in the same inclined position.

6.6 Calibration procedure

6.6.1 Preparatory phase

61 ermining
the zero offsets of the radiometer signals!

6.6.2 Measurement phase (singié series)

The measurement phase of each series consists of
between 10 and 20 sets of readings (each measure-
ment being completed within 1 s) of:

— hemispherical sglarirradiance signal V; 4lfrom the
test pyranomeéter at the tilt angle g;

— diffuse selar irradiance signal Vp 4 from the refer-
ence pyranometer at the tilt angle B;

— direet solar irradiance signal V| from the feference
pyrheliometer.

Measure the temperature of the ambient alr or of a
radiometer body, as well as the irradiance zefo, at the
beginning and at the end of each series, and of each
set.

Take the readings periodically if this is requir¢d by the
operational mode of the pyrheliometer; if not/ limit the
timing of measurements to the most stablg periods.
However, take sets from all parts of the serigs so that
the result is representative of the total peripd. Care-
fully record the time of each set for a subsequent
calculation of the solar incidence angle.

Choose the sampling frequency depending on the
operational mode of the pyrheliometer to be between
2 per minute and 0,5 per minute. The numbgr of sets
per series should be between 10 and 20, [with the
duration of a series between 10 min and 30 min.

the diffuse solar irradiance varies less than 1 % in
about 10 s.

6.4 Measurement site

In general, the measurement site should be as speci-
fied in 5.4. The test pyranometer shall be sufficiently
separated from the vicinity of the shading disc device
of the reference pyranometer to ensure that it is not
influenced by the disc device. Additionally, any ob-
structions within the fields of view of the reference
and test pyranometers must be nearly identical and,
for inclined installations, the foregrounds must be
nearly identical.

NOTE 5  If the pyrheliometer is capable of measuring the
direct solar irradiance continuously, the use of integrated
values is possible. The integration interval should be no
longer than 6 min or 2 min, in the case of clear or cloudy
sky, respectively. Non-negligible uncertainties may be intro-
duced in the calculation of Rg [equation (7)] by using the
mean solar incidence angle n over the integration interval.

6.6.3 Number of series

Measure at least 10 series spread over at least three
days. If the data are taken over less than three days,
justification/documentation shall be provided.
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6.7 Determination of the calibration factor

6.7.1 Evaluation of a single series

a)

b)

Eliminate from the calculation all sets which devi-
ate from the corresponding series mean by more
than 5 %. Discard any series if more than 50 % of
the sets have been eliminated.

Calculate the mean responsivity Rg, expressed in
microvolts per watt per square metre, from single
readings of one measuring series:

ISO 9846:1993(E)

ceiver plane of the test
pyranometer at the time of
the reading of set i (see an-

nex B);

F, is the calibration factor of
the reference  pyrhelio-
meter;

Vi(i)Fy cosn(i) s the direct solar irradiance
projected on the receiver
plane of the pyranometer.

k 6.7.2 Evaluation of the final results
Vs, () o . O,
T Evaluation is carried out as specified in 5.7.2.
Rs = %
. ; LVi@)Fp cos n() + Vo, sy Fol 7 Certificate of calibration
i=1i#)
(D) The certificate shall‘state as a minimurp the following
information on
where

a) the testpyranometer:

i indicates the position of a
data set within the series; — manufacturer, type and serial nymber;

k is the total number of 2~ position (inclination angles, agimuthal orien-
readings of each radiometric tation and tracking);
quantity = total number of
data sets; — special remarks on the state of the instrument;

J gﬁf?:tss w‘i[thhein tﬁg?g:?;:d b) the reference instruments:

m is the number ofvalid data — manufacturer, type and serial nymber;
sets; . .

— hierarchy of traceability;

V4, 5 is the hemispherical solar
irradiancé signal measured — shade disc geometry;
by the\ instrument being
calibrated, in millivolts, for — corrections applied;
instance;

) , ) ) c) the procedure:

Vi, 5 i§ the diffuse solar ir-
radiance ~ signal, including — type of procedure (i.e. reference to this Inter-
reflected solar irradiance if national Standard):

B # 0, measured at position
i within the series, in milli- — site (latitude, longitude and altityide);
volts, for instance; T

Fp is the diffuse irradiance cali- — date and time of calibration;
bration factor of t(he refer- — number of series:
ence pyranometer;

140 is the direct normal solar ir- — ranges of measurement parameters (solar el-
radiance signal, measured evation angle, hemispherical solar irradiance,
at position i within the se- turbidity and temperature);
ries, in millivolts, for in- o .
stance: — application of reduction formulae;

n(i) is the solar incidence angle d) the result of the calibration:

between the direction of
the sun's beam and the
perpendicular to the re-

— responsivity, expressed in microvolts per watt
per square metre, and calibration factor, ex-
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pressed i

n watt square metres per microvolt

(final mean value R);

— standard deviation (of Rg related to R);

— range of

validity (parameters: solar elevation

angle, temperature, etc.).

8 Uncertainty

8.1 A basic uncertainty in the determination of the
calibration factor is inherent in the use of the refer-

the shade disc geometry according to 5.2.4), readings
and careful operation.

NOTE 7  As uncertainty in determining the pyranometer
inclination is at least 0,1° the calibration uncertainty in-
creases with the angle of incidence, because of the factor
cos n of the projected direct solar irradiance [see equations
(1), (2), (3) and (7)]. Therefore a 1 % uncertainty requires
that the angles of incidence are restricted to less than 60°.

8.2 The sample standard deviation, calculated from
the results of all series, is indicative of the variation in
meteorological conditions (for example, wind), and in-

ence pyrheliome
by the transfer g
amounts to abg
standard and a {
the values are i
of the permissil
two years (see

NOTE6 In the
method (see clg
pyranometer cont
values of the he
1 % if the sky is
uncertainty is incr
diffuse solar radia

The level of unc
calibration proc
1 % by accurate

ter. This uncertainty is caused initially
f Sl units to the pyrheliometer, which
ut 0,7 % and 1,0 % for a secondary
irst class pyrheliometer, respectively;
creased to 0,9 % and 1,5 % because
le range of instrument instability over
SO 9060).

case of the continuous sun-and-shade
use 6), a well-characterized reference
ibutes to the uncertainty of the reference
mnispherical solar irradiance by less than
cloudless. Under cloudy conditions, the
eased based on the increased amount of
nce in the global radiation.

brtainty resulting from carrying out the
pdure can be reduced to less than
adjustments (operational factors for

strument precision and variabilities (for,_gxample,
azimuthal response of the pyranometer) Ity amount
depends on the tolerated ranges of the-parameters.

8.3 Concerning the uncertainty, \fundamental differ-
ences between the alternatingy-and the continuous
sun-and-shade methods d¢ \not exist. Thg former
method delivers calibratiém)factors which should be
preferably applied whén “scattered cloud cnditions
are typical; the calibration factors determined|with the
latter method, supported by careful zerging pro-
cedures and careful installation of both pyrarjometers
for “seeing”<the same horizon and foreground, are
preferred in'clear sky conditions. The calibratipn factor
of the latter method may be higher by abolt 0,5 %
depending on the reading of the theoretical [final val-
ues_(see 5.6.2).

A ‘comparison of the advantages and disadyantages
of the two methods is given in annex F.
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Shade disc devices

A.1 A shade disc device for screening the direct
solar radiation to measure the diffuse solar radiation

The disc should be positioned perpendicularly to the
sun's ray and shall screen the receiver surface and the

by a pyrarjometer consists of
a) adisc

— of & well-defined radius r [> radius of pyrano-
meter dome +d tan 0,5°; for d, see b)];

— painted black on the side opposite to the
pyranometer;

— equipped with a means to fasten the disc to
the| support;

b) a disc pupport, designed to

— be ps small as possible (to minimize additional
shdding of the pyranometer);

— be|as rigid as possible (to avoid large disc
molement caused by wind);

— allgw movement of the disc for screening the
sury;

— fix the distance d between the-disc centre and
thel centre of the receiver for-any position of
thel disc;

¢) a moupt, designed to
— bear the disc support;
— mdgve the support, manually or by a motor, in

order tockeep the disc in the correct shading
position;

glass domes on circular-symmetricdl surfaces at
normal incidence.

A.2 Some types of sun-shading dev|ces are briefly
described below.

A.2.1 Shade disc device of a sun-tracking pyrano-
meter (operated at.pormal incidence)

As shown in figlre A.1, the mount of the shading de-
vice is fixed<t0 a moving pyranometer platform. The
disc cancbe/shifted along the rod and may be re-
moved.

A.2.2 Manually operated shade disc device for
stationary pyranometers

a) Mount alongside the pyranometer

As shown in figure A.2, the mount
a turnable rod standing upright on
of the pyranometer. The rod suppo
rotated horizontally to set the disc.

is designed as
the polar side
ting the disc is
(It is not feas-

ible to set the disc at a constant dlistance to the
receiver.)

b) Mount concentric to the pyranometfer

As shown in figure A.3, a platefsized turnable
mount allows adjustment of the azimuth position
of the disc. To follow the solar eleyation, the disc
is shifted along the circularly curved rod. For rapid
setting of the disc, the rod can be tilted up or
down.

A.2.3 Semi-automatic motor-driven ¢evice for con-

— be fastened to the instrument platform or
similar.

The so-called shading-angle ag = 2 arctan (r/d) should
be approximately equal to the field-of-view angle of
the pyrheliometer used for calibration.

During measurements, the distance d should be kept
constant and independent of the position of the sun.

tinuous shading

As shown in figure A.4, the mount of the shade disc
is driven synchronously with the solar hour angle. The
hour angle axis is directed to the elevated pole
(parallactic operation). To follow the solar declination,
the disc must be shifted manually. The receiver of the
fixed pyranometer is always at the same distance
from the disc because of the appropriate dimensions
of the rod. The compact design allows for continuous
operation and requires minimum space.
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Figure A.1 — Shade dis¢/device used with a sun-tracking pyranometer [5]

ag = 2 arctan r/q

To zenith

To sun

otk s

Eguartor-racing ——— — Pole-facing

y: Solar elevation angle

Figure A.2 — Shade disc device installed alongside the pyranometer [5]

10
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A: Rotatable plate for turning the pyranometer D-separately
B: Rotatable plate bearing the circularly curvéd,rod F of the shade disc E

C: Fixed mpunt

G: Joint toltilt the shade rod up or down

Figure A|3 — Shade disc device, installed concentrically to the pyranometer (System MetOlps Hamburg)

11
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Pole-facing —————

: Pyranometef

a
b: Shade disc

: Circularly cufved rod for manual shifting of the shade disc

C
d: Gear

®

: Synchronou$ motor

—

A.2.4 Fully qutomatic motor-driven device for con-
tinuous or altefnating.shading

A computer-controlled solar tracker with fully auto-
matic movemgnt)of a shade disc is commercially

: Joint for tiltipg the axis which pointsythe rod to the elevated pole

Figure A.4 — Semi-automatic shade disc device

figure A.5 a), illustrating a SCI-TEC" solar tracker] ac-
cording to the sun's azimuth. If the pyranometer has
to be calibrated in a tilted position, the tracker device
can be operated in tilted mode [see figyre A.bb)].
Because of the computer control of the disc move-

available. The pyranometer is mounted on a box
within which the motor rotates the rod with the shade
disc according to the solar elevation. The motor
housing is mounted on a pillar which is driven by a
second motor and moves the shade disc in the case
of a horizontally-levelled  pyranometer [see

ment, the removal and the setting of the disc during
the calibration process is easily programmable.

This device does not completely fulfil the require-
ments in 5.2.4a), since the distance ¢ between the
receiver plane and the elevation axis is not zero.

1) This solar tracker is a product supplied by SCI-TEC, Saskatoon, Canada. This information is given for the convenience of
users of this International Standard and does not constitute an endorsement by ISO of the product named. Equivalent products

may be used if they can be shown to lead to the same results.

12
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Rod

Motor housing

b) Solar tracker in tilted position

Figure A.5 — Fully automatic shade disc tracker

13
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Annex B
(informative)

Calculation of the angle of incidence n of a solar beam on an inclined plane

B.1 According to the formula of spherical geometry,

cos 7 (see also

figure B.1) is given by

B.2 Using astronomical consideration, the above-
mentioned coordinates of the sun can be calculated

cosn=(sny-cospB)+[cosy-sinf-cos («—y)]
where

is thHe solar elevation angle;

1/ is the solar azimuth angle, measured from
south positive to west, negative to east;

B is the tilt angle of the plane against the
horigontal;

o is the azimuth angle of the normal to the

plan

e.

Trom:

siny =(sin¢ *sind)+(Ccos ¢ - Cosdr C

cosy =

where

¢

(sing *siny)—siné
COS ¢ * COSy

is the geographical latitude of th
observation;

is the.splar declination;

is.the solar hour angle (angle bet
hour circle of the sun and
meridian, at the time of observat|

Forumore detailed information see [6], for e

0S w)

B point of

ween the
the local
on).

kample.

14
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Zenith

Normal

South

y: Solar[elevation angle

y: Solat azimuth angle

B: Tilt angle of the plane against theshorizontal
a: Azimuth angle of the normal to.the plane

Figure B.1 — Definition of the angle , between the direction of the sun and the normal to thp tilted plane

15
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Annex C
(informative)

Extended version of the sun-and-shade method

C.1 A modification to the sun-and-shade method
allows accurate_determination of the diffuse solar ir-

where

radiance signa

| during the exposed phase, even when

the sky conditons are less stable (for instance, vary-
ing atmospheric turbidity or cloudiness).

The method
shaded pyran
same orientat

additionally requires a continuously-
bmeter which is operated using the
fon and the same shade geometry as

the test pyrangmeter.

C.2 v, 420

see 5.7.1) is obtained more accurately

by reference t¢ the signal from a continuously-shaded
pyranometer Vp 4"

Vo, p(20) =

16

ky + ky
2

‘Wb, ﬂ'(Zi)

ki =Vp, fZi—-NVp 5 Zi=T)
ky =Vp p(2i+1)[Vp 5'(2i+ 1)

kqy and k, readings should take plateduring a
of about 10 min.

Vb, p(2i) replaces the interpolatio
0,5[Vp, (2i = 1) + Vp 42141)] in the rg
equations (1) and (2) {see 5.7.1).

C.3 This method is presently used
ommended.-by. the Canadian Atmospherig
ment Service (AES).

minimum

N term
sponsivity

and rec-
Environ-
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(informative)

Multiple-reading version of the alternating sun-and-shade method

D.1 The
of random
values in 3
stead of or]
phase of &

readings i$

mate of th
advantage,
readings.

D.2 This
of the rag
automated
puter is ne

D.3 The

considered

a) System

aim of this version is to reduce the effects
scatter (by wind, dust, etc.) on the single

0,154, seconds of each interval (the 10th reading
corresponds to the single reading in the basic ver-

series by the averaging of 10 values (in-
e) of the respective radiometers in the final
ach phase, and using the mean of these
further calculations. The unbiased esti-
standard deviations gives, as an additional
a measure of the uncertainty of the

version permits fully automatic operation
iometers and should be applied in fully
calibration procedures. The use of a com-
cessary.

following modifications of 5.6.2 need to be
for each radiometer channel.

atically take 10 readings within the last

c)

d)

e)

sion, t; being the interval time).

Calculate the arithmetic meanr) val
readings.

Compare the 10 individual readings

e of the 10

with the cal-

culated mean value, and reject those readings

which deviate by-maore than 0,5 %
50 % of one ¢adiometer channel's
rejected, then cancel the mean valu
nels.

Calculate a new mean value using

If more than
readings are
s of all chan-

the remaining

readings and the unbiased estimate of the stan-

dard deviation.

Use this new mean value in the
lations described in 5.6.3.

further calcu-

17
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Annex E
(informative)

Extended version of the continuous sun-and-shade method

E.1 This exte

nded version of the continuous sun-

and-shade method allows the systematic determi-

introduced. It removes from the continuous

sun-and-

shade method result the biases due to diffuse ir-

nation of the d

ependence of the responsivity of the

pyranometer bging tested on the incidence angle.

E.2 The equipment is that required for the alternat-
ing sun-and-shade method. To derive the desired
responsivity fupction of the test pyranometer, an iter-

ative algorithm

is used. In the basic equation, an esti-

mate of the anpular distribution of the sky radiance is

radiance, and can be used over a wide rangg

of zenith

distances. However, it requires measutements from
either sunrise to solar noon, or solapnoon fo sunset,

to be effective.

E.3 This method is describéd,in referenceds [7] and

8], annex G.
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