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ISO

Foreword

9847:1992(E)

ISO (the International Organization for Standardization) i
federation of national slandards bodies {(ISO member bodi
of preparing International Standards is normally.carried ou
technical committees. Each member body interested in
which a technical committee has been established has t
represented on that committee. International organizat

mental and non-governmental, in liaisenwith 1SO, also t

a worldwide
Es). The work
t through 1SO
a subject for
ne right to be
ons, govern-
e part in the

a
work. ISO collaborates closely with-the International EIEctrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

Draft International Standardscadopted by the technical co
circulated to the member-bodies for voting. Publication
national Standard requires)approval by at least 75 % of
bodies casting a vote.

International Standard ISO 9847 was prepared by Technic
ISO/TC 180, Solarsenergy, Sub-Committee SC 1, Climate --
and data.

Annexes ANB, C, D and E of this International Standa
formation only.

mmittees are
as an Inter-
the member

al Committee
Measurement

d are for in-
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Introduction

Accurate and precise measurements of the irradiance of the global
(hemispherical) solar radiation are required in

a) the determination of the energy available to flat-plate solar collec-
tors,

b) the assessment of irradiance and radiant exposure in the testing of
solar and ngn-solar-related materials technologies, and

c) the assessment of the direct versus diffuse solar components for
energy budget analysis, geographic mapping of solar energy, and
as an aid in the determination of the concentration of aerosol and
particulate follution and the effects of water vapour.

Although meteqrological and resource assessment measurements gen-
erally require pyranometers oriented with their axis vertical, appli-
cations associdted with flat-plate collectors and the study of the solar
exposure of related materials require calibrations of instruments tilted
at a predetermined non-vertical orientation. Calibrations at fixed tilt an-
gles have appl|cations which seek state-of-the-art @ccuracy, requiring
corrections for fosine, tilt and azimuth.
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Solar energy — Calibration of field pyranometers by
comparison to a reference pyranometer

1 Scop

w

1.1 This [International Standard specifies two pre-
ferred methods for the calibration of field pyrano-
meters us|ng reference pyranometers.

1.2 One jmethod, the outdoor calibration or type |,
employs golar radiation as the source, while the
other method, the indoor calibration or type Il, em-
ploys an afrtificial radiation source.

described methods, provided that {he reference
pyranometer has been_calibrated at ¢ssentially the

same tilt from horizonial as the tilt enjployed in the
calibration.
NOTE 1 Pyrahometers used for collect¢r tests should

be calibrated'using a reference pyrheliometer (see
1ISO 9846).

2 Normative references

1.21 The
may be p
zontal po{
position (
maintaini
the sun’s

1.2.2 The

outdoor calibration of field pyranometers
prformed with the pyranometer in a hori-
ition (i.e. zero tilt) (type la), in a tilted
pe Ib), or at normal incidence (type-Ic)
g the receiver surface perpendicular to
beam component.

indoor calibration of field™pyranometers

The following standards contain pro
through reference in this text, constit
of this International Standard. At the
cation, the editions indicated were v
dards are subject to revision, an
agreements based on this Internatid
are encouraged to investigate the po
plying the most recent editions of the
dicated below. Members of IEC and

isions which,
ite provisions
time of publi-
alid. All stan-
d parties to
nal Standard
5sibility of ap-
standards in-
ISO maintain

may be pgrformed using an integrating sphere with
shaded (type lla) or unshaded (type lib) lamp(s), or
at normal|incidence (type lIc}yffequently using an
optical bepch to present the\receiver surface per-
pendiculall to the beam of the lamp.

Types llaland llb correspond to an outdoor cali-
bration under conditions of overcast and sunny sky
with large|light €loud fields, respectively. Type lic is
comparable with the normal incidence calibration
of type lc.

registers of currently valid Internation@l Standards.
ISO 9060:1990, Solar energy — Spegificaticn and
classification  of instruments fo measuring
hemispherical solar and direct solar radiation.

ISO 9846:—", Solar energy — Callbration of a
pyranometer using a reference pyrhelipmeter.

3 Definitions

1.3 The methods of calibration specified are
traceable to the world radiometric reference (WRR);
traceability to the International Pyrheliometric Scale
of 1956 is not permitted.

1.4 This International Standard is applicable to
most types of field pyranometers regardless of the
type of radiation receptor employed. In general, all
pyranometers used for long-term monitoring of inci-
dent solar irradiance may be calibrated by using the

1) To be published.

For the purposes of this International Standard, the
following definitions apply.

3.1 altazimuth mount: A tracking mount capable of
rotation about orthogonal altitude and azimuth axes:
tracking may be manual or by a follow-the-sun
servomechanism. (See also ISO 9846.)

3.2 global (solar) irradiance: Hemispherical solar
irradiance received by a horizontal plane surface.
(See also I1SO 9060.)
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3.3 integrating sphere [hemisphere]: A sphere
[hemisphere], generally from 1 m to 4 m in diam-
eter, provided with a planar segment (usually a
horizontal bottom segment) on which to mount
pyranometers (to be compared with an artificial light
source), the sphere wall of which is coated with a
flat, white paint that is as lambertian as possible to
provide uniform illumination.

3.4 pyranometer: Radiometer designed for meas-
uring the irradiance on a plane receiver surface
which results from the radiant fluxes incident from

4.2.1 For outdoor calibration (type I)

The reference pyranometer for outdoor calibration
(type 1) should be typically of a higher class (in ac-
cordance with the classification given in ISO 9060)
than the test pyranometer, and should exhibit a
particularly high long-term stability. The depen-
dence of its responsivity on temperature, irradiance,
tilt and angles of incidence shall be determined.?
Within 12 months prior to its use for calibrating field
pyranometers, the reference pyranometer should it-
self be recalibrated outdoors by comparison to a

the hemispherg above within the wavelength range
0.3 pm to 3 pm|. (See also ISO 9060.)

3.5 field pyrapometer: Pyranometer usually meet-
ing second clags? specifications or first class speci-
fications, designed for field use and (typically)
continuoue exposure.

3.6 reference pyranometer: Well-maintained
pyranometer, gelected for its stability and quality,
used exclusively to calibrate other instruments.

3.7 test pyranometer: Pyranometer being cali-
brated, regarflless of its classification or its
photoreceptor fype.

3.8 tilt angle:|Angle between the vertical and the
pyranometer axis (which is equal to the angle be-
tween the horigontal plane and the plane of the de-
tector surface)

3.9 calibration factor: Multiplicator, used to derjve
the global solgr irradiance from the measured out-
put (voltage). The units are those of the-feciprocal
value of the regponsivity (e.g. watts per square me-
tre per microvolt).

4 Apparatus

4.1 Digital electronic.readout device

Any digital microvoltmeter having an accuracy of

pyrhefiometer (see IS0 9846). This recalibration
should be carried out under conditions/typical of
those in which the field pyranometer.and feference
pyranometer will be used. The calibration |history of
the reference pyranometer should be well docu-
mented.

If the measuring conditions/during calibration devi-
ate strongly from thosenduring the typical dse of the
field pyranometer (by,\more than + 5 °C gnd + 15°
azimuth angle), @ reference pyranometgr of the
same type thathas been calibrated und¢r similar
conditions should be used.

4.2.2 For'indoor calibration (type II)

The reference pyranometer for indoor cplibration
(type [l) shall be of the same type as|the test
pyranometer (to avoid errors that may be qaused by
the artificial radiation employed; these errors may
arise mainly from imperfect homogeneity of the
source beam or from an imperfect match to/the solar
spectrum). In addition, the pyranometer shall meet
the requirements specified in 4.2.1.

4.3 Integrating sphere or hemisphere

For type lla or Ilb calibration (see 5.3.1)] an inte-
grating sphere or hemisphere (see 3.3) is|required.
Suitable apparatus are described in annex A for in-
formation.

4.4 Precision calibration table

A precision calibration table is required for all hori-
zontal and fixed-angle tilt calibrations. It| shall be

better than + L1-% may be employed Data loggers
with print-out shall be capable of a measurement
frequency of at least two per minute. A data logger
having at least a three-channel capacity may be
useful.

4.2 Reference pyranometer

The reference pyranometer shall be specially se-
lected, tested and maintained as follows.

2) For the classification of pyr annmeters, see 1ISO 9060.

level at 0" tilt (i.e. horizontal) and shall be able to
be tilted over a suitable range of angles from the
horizontal with an uncertainty of less than 0,3°.

NOTE 2 The deviation between the tilt angle of the ref-
erence pyranometer and that of the field pyranometer
should be not more than 0,1° which means that the tilt of
the pyranometers has to be finely adjusted. If the cali-
bration tables are mechanically and thermally stable it is
necessary to check the tilt only after periods longer than
a week.

3) Test methods to determine the dependence of the responsivity of a pyranometer on temperature, irradiance, tilt and
angle of incidence will form the subject of a future International Standard.
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4.5 Sun-tracking mount

The mount, whether power driven or manually op-
erated, shall be capable of maintaining the refer-
ence pyranometer and all test pyranometers normal
to the sun for the entire test period. The tracking
precision shall be such that for all data-taking peri-
ods, deviations from the exact normal to the sun do
not exceed

a) + 4° where the reference and test pyranometers
are mounted on separate trackers;

ISO 9847:1992(E)

5.2.1.3 Connect the reference and test pyrano-
meters to their respective, or common, digital
voltmeter, using proper shielding. Check the instru-
ments for electrical continuity, signal polarity, signal
strength and stability. Clean the domes of the
pyranometers (see [13]). Check that the radiant
fluxes of the foreground on both instruments are
equal at the relevant tilt angle by transposing the
positions of the pyranometers.

5.2.2 Horizontal calibration for meteorological and
resource measurements (type la)

b) + 10" |where the reference and test pyrano-
meterqd are mounted on the same tracker.

NOTE 3 An altazimuth mount is preferred for pyrano-
meters with a responsivity dependent on the altazimuth
angle of the tilted receiver. The requirements for tracking
a pyranometer at normal incidence are less stringent than
those for [tracking a pyrheliometer. For example, the
cosine of 4° is 0,997 6, and only an insignificant uncer-
tainty in ngrmal incident calibration will result from a de-
viation of this magnitude.

5 Calibration procedure

5.1 Genjeral considerations

A number|of possible interferences and precautions
relating d|rectly to the methods specified in this_In-
ternationgl Standard are given for informatioh in
annex B.

Particular| care shall be taken to correct for zero
off-sets. The off-set of signals of the reference and
test pyranometers shall be checked] as a minimum,
at the staft and the end of a measurement series.

5.2 Outdoor calibration (type 1)

5.2.1 General (types la, Ib and Ic)

5.21.1 Mount the reference pyranometer and the

5.2.2.1 Stable cloudless sky conditionls

take instantaneous voltage \readings

n both instru-

For stable cloudless sky conditions, a:'multaneously

ments for a minimum ©ffifteen 10
measurement series/@ach consisting
instantaneous readings. Take these

in to 20 min
of 21 or more
measurement

series over a 2 day'to 3 day period, orfover a longer

period to cover)a larger range of
conditions. ©Obtain data from early mo

environmental
rning, through

and including solar noon, to late afterqoon to ensure
that data_are taken during the period|that the solar
elevation angle exceeds 20°.

5,2.2.2 Unstable sky conditions with $ome cloud

For unstable sky conditions, with clquds at a dis-
tance from the sun of greater than B0° (see B.2),
simultaneously take instantaneous voltage readings
on both instruments continuously at [from 1 min to
5 min intervals from sunrise to sunset for a mini-
mum of 5 days (and for as long as P weeks). The
length of time should be chosen such that a mini-
mum of fifteen series of 21 or more measurements
are obtained that represent steady radiation span-
ning a period from forenoon to afternoon (with sun
elevation angle > 20°).

Alternatively, take a minimum of fifteen measure-
ment series integrated over 1 min to § min intervals
in such a manner that data are spread over the pe-
riod from forenoon to afternoon, including solar
noon.

5.2.2.3 Cloudy sky conditions

test pyranometer outdoors on a common calibration
table for horizontal calibration (type la) and cali-
bration at tilt (type Ib) and on an altazimuth or sun-
pointing mount for normal-incidence calibration
(type Ic). Adjust both instruments to a common el-
evation facing the equator. Ensure that the azimuth
reference marks point in a common direction.

NOTE4 Convention is to use the electrical connector
as the azimuth reference and to point it towards the
equator and downwards.

5.2.1.2 Adjust the calibration table to the required
tilt (which may be 0°) from the horizontal.

For cloudy sky conditions take simultaneous
readings integrated over more than fifty 1 h intervals
on both instruments. Take this hourly data for a
minimum of 10 days at different solar elevation an-
gles, and different types of cloudiness if the hourly
mean of global irradiance is greater than
100 W-m™ 2

5.2.3 Calibration at tilt (type Ib)

Calibration at tilt shall be carried out only under
clear sky conditions with clouds at a distance from
the sun of greater than 30°. Use as the tilt from
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horizontal, that tilt which will be employed in testing
solar collectors. Care should be taken that the
albedo from the ground is approximately the same
at both receivers.

Take data in accordance with 5.2.2.1.
5.2.4 Calibration at normal incidence (type Ic)
Take a minimum of fifteen 10 min to 20 min meas-

urement series consisting of 21 or more instan-
taneous voltage readings centred around solar

(about 8 min) to ensure an accuracy of 0,25 %
and a precision of 4+ 0,25 %.

5.3.1.5 Measure the temperature of the pyrano-
meter bodies and of the wall of the integrating
sphere.

5.3.1.6 Apply the general mathematical treatment
described in 5.4.1.

5.3.2 Direct beam calibration (type lic)

noon. Ensure rthat—at—data—are—takemr—white—the
hemispherical ncz)rmal-incident solar irradiance ex-
ceeds 600 W-m|

NOTE 5 For d¢termining the ratio of the directional re-

sponse (see IS
pyranometer to
procedure which
ing mode is give

D 9060:1990, table 1) of the reference
that of the test pyranometer, a special
operates the mount in an azimuth track-
n in annex D for information.

5.2.5 Mathematical treatment

Apply the general mathematical treatment de-
scribed in 5.4.1

5.3 Indoor cplibration (type Il)

pyranometer horizontal: type lla and with

5.3.1 Integrati£g sphere calibration (with
ed: type IIb)

pyranometer ti

5.3.1.1 Mount|the reference and test pyranometers
on the commor} instrument support in the integrating
sphere. Ensurq that the reference and test pyrano-
meters have ekactly the same orientationfand that
their relationsljips to the source (if type\llb) and to
the hemispherg¢ are geometrically symmetrical.

5.3.1.2 Conneft the reference."and test pyrano-
meters to the¢ir respective,~0rF common, digital
voltmeter, using proper shi€lding. Check the instru-
ments for elecirical continuily, signal polarity, signal
strength and s{ability. If\necessary, clean the domes
of the pyranometers. ‘About 30 min before the first
reading, energjzesthe lamp (or lamps) to the power
level required.

53.21 Check that the reference and tes} pyrano-
meters are of the same type.

5.3.2.2 Mount the reference and\test pyranometer
horizontally on a movable suppott which Illows an
exchange of the position ofJthe instrumg¢nts (see
A.3). Adjust the position af the instrument$ and the
spirit level. Ensure that)the reference [and test
pyranometers have the same azimuthal orjentation.
Optical tools should be installed above the feceivers
of the pyranometers in order to create the vertical
beams’ homogeneity and divergence.

5.3.2.3 About 30 min or more before the fjrst read-
ing, switch on the data acquisition electrgnics and
energize the lamp to stabilize the radiant flux of the
lamp and the field of thermal radiation afound the
bench.

Connect the reference and test pyranometers to
their respective, or common, digital voltmeter, using
proper shielding. Check the instruments |for elec-
trical continuity, signal polarity, signal strgngth and
stability. If necessary, clean the domes of the
pyranometers.

5.3.24 Take periodic readings of both| pyrano-
meters (which are alternately shaded |and un-
shaded). Follow for example the time tables of
readings given in A.3 for the two different|methods
in use. The number of readings to be taken|depends
on the stability of the interim results.

5.3.2.5 If the pyranometer mount can be filted, re-
peat the reading procedure used in 5.3.24 at the

5.3.1.3 Check that the loci of both instruments re-
ceive the same irradiance by transposing the pos-
itions of the pyranometers.

5.31.4 Either

a) simultaneously take ten series of 21 point in-
stantaneous voltage readings of the reference
and test pyranometers, or

b) take simultaneous integrated voltage readings
of the reference and test pyranometers over a
minimum of five periods of sufficient length

desired—tilt{ilt-an ds to an

oottt 3

angle of incidence of .

5.3.2.6 Apply the special mathematical treatment
described in 5.4.3.

5.4 Mathematical treatment

5.4.1 Determination of the calibration factor
(general treatment)

The following general treatment is applicable to all
types of calibration except type llc, for which the
special treatment given in 5.4.3 applies.
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5.41.1 First step

This step applies to instantaneous readings.

From each reading i within a measurement series j,
calculate the ratio

(tﬂ

r(')— f) R

()

where

7 (1) -and I’ (i \ are {Ir\n unl{nnno Ifr\y I\\lﬂrnnlr\ .n
l cH
R j hak> Ad HLd

ISO 9847:1992(E)

by more than 4+ 2 % from I7{j) [see equation(2)].
Repeat the calculation of I{j) on the basis of the
“clean” data. Compute the final calibration factor in
accordance with equation (4) or (5) from the “clean”
I(j) data.

5.41.4 Statistical analysis

Determine the stability of the calibration conditions
during a measurement series by calculating the
standard deviation J(ij) about their mean for set

LAl 2N
mllllvolts) measured usmg the reference
and the field pyranometers respectively,
with the corresponding zero value sub-
tracted;

Ig is the calibration factor, watts per square
metre per microvolt, of the reference
pyranometer, which has been adjusted
for the typical field conditions, in the case
where the field and reference pyrano-
meters are of the same type and have
the type-inherent measurement specifi-
cation (for instance in the temperature
response).

Where Iy as defined above is not applicable, it is
replaced,|for each measurement series, by a value
of Fr(j) which is fitted to the calibration conditions
(for insta'Ece, mean temperature) and which gives

the most accurate value of irradiance I(ij) according
to the forgnula

TR WR(E) = E)

5.4.1.2 Second step

Determing the series of calibration factors of the
field pyrgnometer from n réadings of a measure-
ment serips j using the fokmula

Fo ) Vil
() o —5

N

i= 1

vatues. (The standarddeviations—of 1(j) around its
mean value represent the stability ofjthe conditions
during the entire calibration.)

5.4.1.5 Determination of the'temperafure-corrected
final calibration factor

If during a measurement series j the
deviates markedly (i.e. by more than

emperature T
+ 10 °C) from

the desired typical value Ty, and if the temperature

response ofthe field pyranometer is

nown to devi-

ate markedly from that of the refefence pyrano-

meter,>hen calculate the final
corrected calibration factor I, at
Correct the I(j) data using the formul

R:[T(j)]

FoonG, Th) = 1)
G-I =1D "R T

and calculate I, as
_Lm T
corr m corr N

where

T() is the mean air temperat
measuring series j, in deg

temperature-
Iy as follows.
2]

.(3)

-(4)

yre during the
ees Celsius;

R{[T()] and R(Ty) are the regponsivities of
the field pyranometer at 1(j) and Ty re-

spectively, where R =1/F.

NOTE 6

coefficients a of the responsivity are specified; in this case

the relation R[7()]= {1 + o [7(}) — T\1

For some types of pyranometfr, temperature

R(Ty) is appli-

or

TRLVRG) Jint
[I (/)]lnt o (2)

where [ V()] are integrated values (types lla and
Iib).

1) =

5.41.3 Data rejection

Reject any data which have been subject to oper-
ational problems for both pyranometers. Also, reject
those data for which /ij) [ see equation (1)] deviates

cable.

5.4.1.6 Determination of the final calibration factor
without temperature correction of data

In cases where it is not necessary or not possible to
correct the data relative to the temperature re-
sponse, derive the final calibration factor of the field
pyranometer from the total number m of measure-
ment series from the formula

F=- ZI«(,) .5

i—1
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5.4.2 Selection of calibration factors for special
vaiues of soiar angies

In the case where

a) for special meteorological and resource assess-
ment purposes the calibration factor calculated
by an averaging process using equation (4) is not
accurate enough (since within a larger range of

AT PRg—

calibration parameters speciai vaiues of soiar

8 If global or hemispherical solar irradiation is deter-
mined for daily sums, the use of a daiiy average soiar ei-
evation is recommended. An expedient means for
computation of the daily average solar angle is given in
annex C for information.

5.4.3 Special treatment for type llc calibration

a) Simultaneous readings (see A.3.1)

Calculate the measured values V' from the readings
taiken using the foliowing formuiae:

elevation afigles have 10 be considered for 1he
end-use application of the field pyranometer),

b) the direclignai response (or cosine error, see
ISO 9060:19B0, table 1) of the field pyranometer
is not yet known, or

c) the directipnal response of the reference
pyranometelr is well-known and is used to intro-
duce cosing-error-corrected reference data in
equation (2)

carry out the fdllowing mathematical treatment.

Plot all I(j) vales as a function of the corresponding
mean solar ele¢vation y (for horizontal or fixed-tilt
instruments regpectively) using the formula

siny = sin¢ sind + cos ¢ cosd cosw

where
¢ is the geographical latitude of the peint
of opservation;
o is tHe solar declination;
w is the solar hour angle, in ‘dégrees (i.e.

the pngle between the hour circle of the
sun|and the meridiansat’the time of ob-
servation), which canZbe calculated from
the [ True Solar™\/Time (TST) from
w =|(TST — 720)/4; where TST is in min-
utes.

Plot also a be¢st-fit \fegression curve of the data.
Read the calipfation factor from the regression

J 1/

I’R =1 Ru ™ VR,s
Vi=Vry— Vi
o 7y

4 R ™ V Ru 14 R,s

Vig=Vyy =V

Check whether the condition

(-0 <202 (141
-k < —=5s—<(1+k

VIR V'T
is fulfilled fornk < 0,005, where k is a factot}

0 < < 0,005

If thé condition is fulfilled, calculate the regponsivity
ofthe test pyranometer from

_ Ve+ V'

T VR + V'R R

b) Alternate readings (see A.3.2)

Calculate the measured values V from the|readings
taken at time ¢ (in minutes) for the rfeference
pyranometer using

Ve() = V() = 05[ VR (1 = 2) + Vi (1 1 2)]

and for the test pyranometer using
Vi) = V3 () = 050 V5 (= 2) + V7 (1 4 2)]

Check whether the means
VRJ = 0,5[Vr(4) + Vx(8)]

curve at the representative sotaretevation angfe.

NOTES

7 An outdoor method to determine approximately the
ratio of directional response of the field pyranometer to
that of the reference pyranometer is described in
annex D. Recommended laboratory test procedures will
form the subject of a future International Standard. With
a given directional response function f(y, /) the cali-
bration factor can be extrapolated to solar angles y,, v
(see ISO 9846:—, annex B) outside the measured range
of angles by using the formula

JUy(), w()]

]"(yo' ‘//0) = ['(/) —f(yo, '//0)

and

Vo =05[Vr(28) — Vx(32)]

deviate by more than + 0,5 %, and whether the
three V(f) values deviate by more than + 05 %
from their mean V7.

If the deviation is less than or equal to 4+ 0,5 % in
both cases, calculate the responsivity of the test
pyranometer Ry using the formula

Vr
RT == = — .
0.5(Fr ¢ + Vi)

Rz
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6 Certi

ficate of calibration

The certificate of calibration shall as a minimum
state the following information on

a) the test pyranometer:

— ma

-~ position (i.e.

nufacturer, type and serial number;

inclination angles, azimuthal

orientation and tracking);

d)

ISO 9847:1992(E)

the result of the calibration:

responsivity (for instance in microvolts per
watt per square metre) or calibration factor
(for instance in watt square metres per milli-

volt):

— standard deviation;

— absolute uncertainty (total uncertainty);

— range of validity (parameters: solar elevation

-— special remarks on the state of the pyrano-

m
h) the re

— M43

ter;
erence pyranometer:

nufacturer, type and serial number;

— higrarchy of traceability;

— CO

c) the pr

rections applied;

bcedure:

— type of procedure (i.e. reference to this Inter-

na

—  site

— da

— nu
reg

-

— raf
eld

ional Standard);
 (i.e. latitude, longitude and altitude);
e and time of calibration;

mber of measurement series and (single
dings;

ges of measuring parameters ‘(i.e. solar
vation angle, hemispherical solar

irrgdiance, turbidity and temperature);

angle, temperature, etc.).

7 Precision and accuracy

7.1 The precision of the-outdoor d4
the calibration factor_of<a field pyran
ticularly dependeni.on’ sky conditions
evation when performing measure
angles. Repeatability within any 21 pdg
of values of the same test scan perforn
solar noon)‘under stable
should _be€ such that the standard d¢q
than £\0,5 % of the calibration valug
ment.If this requirement cannot b
calibration should be considered.

termination of
ometer is par-

and solar el-
ments at low
int or more set
med at or near

irradianice conditions

viation is less
of the instru-
e met, indoor

7.2 The accuracy of the calibration f.

actor has to be

derived on a case by case basis, takilg into account

a) the quality of the reference instr
field instrument, and

b) the measurement conditions,

ment and the

and also bearing in mind the intended use of the in-

strument.



https://standardsiso.com/api/?name=409af281d707bdb528294a2087d72637

1SO 9847:1992(

A1 General

E)

Annex A
(informative)

Calibration devices using artificial sources

The instruments are baffled from the light sources;

N hoicradi is totalivdiffuse.

Suitable appars
laboratories to

tus that have been used in different
calibrate pyranometers indoors are

described in A.2 and A.3.

A.2

A21

The US Weaths

lamp mounted

Integrating sphere devices

US Weather Bureau device

r Bureau (see [1]) has used a 15 ft

t the centre of the sphere. The ref-

integrating spheF'e. The source is a 5 000 W tungsten

erence and tes
bottom of the
60 mW/cmZ. Ai

ments at 29 °(.

baffle between
Hence, the irra

pyranometers are clustered at the
sphere where the irradiance is
cooling maintains the test instru-
As described in [1], there is no
the source and the pyranometers.
iation of the pyranometers is very

non-uniform, comprising a strong direct beam on/the
instrument axe$ with much weaker diffuse radiation

incident over th

entire hemispherical field of\wiew.

A.2.2 CanadJan NARC device (type lla)

The Meteorolo

ical Service of Canada (see [2] and

[3]) maintains f 6 ft integrating/sphere. The source

is three 660 W

quartz-iodipg. lamps mounted on a

plate near the pentre of{the sphere. Reference [2]

suggests that
mounted in the
sides of a bafflq.

the lamps and instruments are
lower"hemisphere and on opposite
(It should be noted that flgure 1in

A.2.4 UK Meteorological Office National
Radiation Centre device (typetlla)

The UK Meteorological Office“maintains a 2 m inte-
grating “sector sphere” (see’'[5]). The soufce com-
prises six 600 W tungsten<halogen lamps disposed
beneath the rim of thessectors. Three pyrarjometers
can be exposed in(the centre of the sphere to a dif-
fuse irradiance.‘of) about 50 mW/cm The| pyrano-
meters are temperature controlled at 22 °[C by air
conditioners:\To average out local inhomogeneities
of the irradiance, the pyranometers can beg rotated
through~360° within 10 min, during which 60
readings are taken and stored.

A.3 Direct beam apparatus (type ll¢

\LJ
A

A.3.1 Kipp & Zonen device and procedure

The Kipp & Zonen calibration device and|reading
procedure are described in [6]. The directed vertical
beam (divergence, 3,5%) is produced by th¢ combi-
nation of

a) a 1000 W tungsten-halogen filament (Osfam type
SPL 1000 Studio, fed by an a.c.|voltage
stabilizer, and cooled by ventilation) with diffuse

reflector (concave mirror with a diameter of
7"'1' r‘m) above the Inm'r_\ ((\era'nq iypo 1a|ogen

[2] is printed upside-down)}Fhe-sphere-is-aircooted
and the results are temperature corrected to 27 °C.

A.2.3 Eppley

Laboratory device (type lla)

The Eppley Laboratory (see [4]) maintains an 8 ft

integrating hemisphere.

The source comprises

twelve 200 W and twelve 300 W tungsten lamps dis-
posed near the rim of the hemisphere. The total

power is about
instruments is

5,5 kVA, and the irradiance at the
60 mW/cm®> to 70 mW/ecm? The

sphere wall and instrument locations are tempera-

ture controlled:

the latter are maintained at 27 °C.

Superphot), and
b) diaphragms (to minimize stray light).

The reference and test pyranometers are mounted
horizontally on a table which can rotate to exchange
the position of both instruments. The distance be-
tween the reflector and pyranometers is 1,2 m, and
the arradlance at the pyranometers is approximately
500 W/m

The procedure is based on a sequence of simul-
taneous readings as shown in table A.1.
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Table A.1 — Procedure for use with Kipp & Zonen device
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Reading time after
start [7] Reference pyranometer Test pyranometer Remarks
s unshaded shaded unshaded shaded
90 VR - Viu - Pyranometers in initial pos-
180 - Vas — Vie ition
270 LﬂR u - VT u -
' Pyranometers transposed
360 — Ve — V',
The readipg procedure shall be repeated if the ratio c) a flat mirror tilted to 45¢ (to turn the beam from
’ - horizontal to vertical).
(VR w— T R,s)( VT,u - T.s) )
Vel =VeIV'10— V7 The reference and test pyranometersg (of the same

deviates more than + k % from unity, where k may

decrease
stability.

The pyrat
if the refe

A32 M

The direc

produced

a) a 450
conde
feedb
beam

b) an opt
radian

to 0,5 or lower values representing higher

rometers should be ventilated, especially
rence pyranometer is used continuously.

letObs Hamburg device and procedure

fed vertical beam (divergence, + 1,5°) is
by a combination of

W xenon lamp (Osram type X B@)owith
sor optics and air cooling, stabilized by
ck of the lamp output (monitoring of a split
by a silicon photovoltaic cell);

cal integrating device_(te-homogenize the
flux density of the beam), and

type) are mounted horizontally side
rolling and tiltable platform which can

by side on a
be shifted by

a control cable so that the pyranom?‘ﬁers are alter-

nately expdsed to the beam. The ce

ceivers_of/both pyranometers must h
coordinates when they are exposed
(diameter, approximately 10 cm;
70 W/mg; homogeneity of irradiance,

res of the re-
ave the same
to the beam

irradiance,
- 2 % within a

circle of 24 mm). The pyranometer platform and the

mirror are installed in a black-pa
chamber which reduces stray light
constant envitonmental conditions.

NOTE 9 A climatic chamber and turning
essential for this method.

The procedure for taking readings
table A.2; an alternative procedure
table A.3. The tables are examples.

nted climatic
and ensures

mirror are not

in
in

is shown
is shown

The reading piocedure must be applied indepen-

dently of the adjusted tilt angle.
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Table A.2 — Procedure for use with MetObs Hamburg device

Readmgt::l e after Reference pyranometer Test pyranometer Remarks
min unshaded shaded unshaded shaded
2 '/R‘S
4 VR,u
6 Vs
8 Ve
10 Vre
Exchange of.pos{tion
12 VT,s
14 Vi
16 ',T,s
18 VT,u
20 Vie
22 VT,u
24 Vis
Exchange of posftion
26 VR,s
28 VR
30 Vas
32 VR,u
34 Vrs

Table A.3 — Alternative procedure for use with MetObs Hamburg device

Reading time after Reference pyranometer Test pyranometer
start Remarks
min unshaded shaded unshaded shaded
2 Vrel Vil Calculate
4 VR wl Vi g2 k2
6 Vred Vi3
8 Ve 4 7y A k4
10 Vred Vi 5
12 Vg o8 Vi 6 k6
14 Vrel Viol
16 Vr.u8 V8 k8
18 V9 Vi .9
20 Ve 10 V10 xk10
22 Prell Pratt
mean

10
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Interferences and precautions

B.1 Chpice of reference pyranometers

In order o minimize systematic errors, the refer-
ence and|test pyranometers should be as nearly
alike as ppssible in all respects. This does not con-
tradict thel recommendation for a higher class refer-
ence instfument (see 4.2) which implies obvious
advantaggs for the measurement accuracy.

ence pyranometer allows a correct interpretation of

Additiona}y a proper characterization of the refer-
the calibration results.

Typically fhe outdoor calibration according-to’ this
International Standard reveals only a small spec-
trum of rgsponse of the field pyranometer. Gener-
alization pn the relation between the*indoor and
outdoor dalibrations cannot be /myade. However,
simulation of the natural light spurce with respect to
angular apd spectral distribution and homogeneity
makes thq similarity of pyranometer design manda-
tory.

Any mismjatch between'the indoor and outdoor cali-
bration nditions. requires that the reference
pyranometer be“of the same type as the test
pyranometer.

B.2 Sky conditions

The calibration of pyranometers which are to be
employed in solar energy monitoring applications
shall be performed only under conditions when the
sun is unobstructed by clouds throughout a data-
taking period. The minimum acceptable direct solar
irradiance on the horizontal surface, given by the
product of the measurement and the cosine of the
incident angle, shall be 80 % of the global solar
irradiance as measured by the pyranometer. Also,
no cloud formation shall be within 30° of the sun
during the data-taking period.

In case of automatic data acquisition
can be replaced-by a minimum irradia
which indicates the interference by clc

B.3
azimuth errors

The result of the pyranometer caliby
enced by the tilt and azimuthal orient
strument. For the axis vertical orienta
a consideration. However, since the
performed with the sun in a range of

9847:1992(E)

this criterion
nce threshold
buds.

Instrument orientation, cosine and

ation is influ-
tion of the in-
jon, tilt is not
calibration is
azimuths, the

azimuthal angle between the sun and the direction

of the cable connector or other ref|
significantly.

This International Standard permits th

erence varies

e pyranometer

to be tested with its axis directed tov

azimuth errors during calibration and

vards the sun;

during use of

in this case, there are no signiﬁcaIt cosine and

the pyranometer as a transfer inst
tilted mode. The incident angles of th
radiation and hence the cosine and 3
are small in most applications.

When the pyranometer is calibrated

ument in the
e direct solar
zimuth errors

at a fixed tilt,
cosine and

the calibration factor includes the

angle. The accuracy of the calibratio
limited by the cosine and azimuth cor
tainties.

For cosine and azimuth uncertainti
1SO 9060.

B.4 Applicability of calibration

each incident
n is therefore
rection uncer-

es, see also

result

In the calibration methods specified in this Inter-
national Standard the accuracy of the values ob-
tained is assumed to be independent of the time of
year within the constraints imposed by the test in-

1"
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strument’s temperature compensation (neglecting
cosine errors). The methods permit the determi-
nation of possible tilt effects on the responsivity of
the test instrument’s radiation receptor.

B.5 Corrections within the calibration
transfer computations

The principal advantage of outdoor calibration of
pyranometers is that all types of pyranometers are
related to a single reference under realistic
irradiance congitienrs—Fer—outdoer—esalibrations—th
reference pyrgnometer shall be well characterized.
The characterjzation should be employed in the
ralibration trafgsfer computations.

B.6 Objects on the horizon

Precautions shall be taken to ensure that the hori-
zon is substantially free of natural or man-made ob-

jects that exceed an angle of elevation of 5° (see
9.4.3 in [12]). Special attention shall be paid to en-
sure that any objects visible above the horizon do
not reflect sunlight onto the calibration facility.

B.7 Practical equivalence of outdoor and
integrating sphere calibration

In type lla and Ilb calibrations non-uniformity of
integrating-sphere radiance can result in errors in
the calibration if the reference and test instruments

ave—differe effective—fretds—of—~view—on different
cosine response behaviour.

The principal disadvantage of the integrating sphere
is that the radiance distribution\and thg ambient
temperature do not match field-conditions|properly.
For this reason, the practical” equivalenge which
justifies the method musf be demonstrated by ex-
periment.

12
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