





Important User Information

Dear customer, thank you for purchasing a Kipp & Zonen instrument. It is essential that you read this manual completely for a
full understanding of the proper and safe installation, use, maintenance and operation of your new CMP series pyranometer or
CMA series albedometer.

We understand that no instruction manual is perfect, so should you have any comments regarding this manual we will be
pleased to receive them at:

Kipp & Zonen B.\V.

Delftechpark 36, 2628 XH Delft, - or
P.0. Box 507, 2600 AM Delft,

The Netherlands

+3115 2755 210
support@kippzonen.com

www.kippzonen.com

Warranty and liability

Kipp & Zonen guarantees that the product delivered has been thoroughly tested to ensure that it meets its published specifications.
The warranty included in the conditions of delivery is valid only if the product has been installed and used according to the
instructions supplied by Kipp & Zonen.

Kipp & Zonen shall in no event be liable for incidental or consequential damages, including without limitation, lost profits, loss
of income, loss of business opportunities, loss of use and other related exposures, however incurred, arising from the incorrect
use of the product.

Modifications made by the user may affect the instrument performance, void the warranty, or affect the validity of the CE
declaration or other approvals and compliances to applicable International Standards.

Copyright © 2016 Kipp & Zonen B.V.
All rights are reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form
or by any means, without authorisation by Kipp & Zonen.

Kipp & Zonen reserves the right to make changes to this manual, brochures, specifications and other product documentation
without prior notice.

Manual document number: V1610
Publication date: 15t October 2016







T KIPP &
ZONEN
EC Declaration of Conformity

C€

Kipp & Zonen B.V.
Delftechpark 36, 2628 XH Delft
P.0. Box 507, 2600 AM Delft
The Netherlands

declares under our sole responsibility that the product

CMP 3, CMP 6, CMP10, CMP 11, CMP 21 and CMP 22 Pyranometer
and
CMA 6 and CMA 11 Albedometer

to which this declaration relates is in conformity with European Harmonised Standards as published in
Official Journal of the EC, issue: €321/1 23-10-2012

The compliance of the product has been based on the following standard
EN 61326-1:2006 [EMC - Emissions]

EN 61326-1:2006 [EMC - Immunity]

following the provisions of the directives
EMC-directive 2004/108/EC

Delft, 15t January 2015

Dr. F. Kuik - CEO
Kipp & Zonen B.V.
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1. Introduction

Throughout this manual the following symbols are used to indicate to the user important information.

General warning about conditions, other than those caused by high voltage electricity, which may result in physical
injury and/or damage to the equipment or cause the equipment to not operate correctly.

Note Useful information for the user

1.1 Product overview

According to International Standard ISO 9060:1990 and the World Meteorological Organisation (WMQ) a pyranometer is the
designated type of instrument for the measurement of hemispherical (global or diffuse) solar radiation integrated over the
wavelength range from 0.3 to 3 pm (300 to 3000 nm). All pyranometers within the CMP series are compliant with one of the
classes specified by the international standard.

The albedo of a surface is the extent to which it diffusely reflects short-wave radiation from the sun in the wavelength range from
300 to 3000 nm. It is the ratio of the reflected radiation to the incoming radiation and varies from O (dark) to 1 (bright). As an
indication, albedo is about 0.15 for grass, 0.5 for dry sand and 0.8 for fresh snow.

CMA series albedometers consist of two pyranometers. The upper measures incoming global solar radiation and the lower
measures solar radiation reflected from the surface below. When the two signal outputs have been converted to irradiance in W/m2,
the albedo can be simply calculated.

This manual, together with the instruction sheets, provide information related to the installation, maintenance, calibration,
product specifications and applications of the CMP series pyranometers and CMA series albedometers.

If any questions should remain, please contact your local Kipp & Zonen representative or e-mail the Kipp & Zonen customer and
product support department at: support@kippzonen.com

Please go to www.kippzonen.com for information about other Kipp & Zonen products, or to check for any updates to this manual.

1.1.1 The pyranometer and albedometer

The CMP series instruments are high quality radiometers designed for measuring short-wave irradiance on a plane surface
(radiant flux, W/m2) which results from the sum of the direct solar radiation and the diffuse sky radiation incident from the
hemisphere above the instrument. The CMA series also measures the amount of the incoming radiation which is reflected by the
surface below.

There are six models in the CMP series; CMP 3, CMP 6, CMP10, CMP 11, CMP 21 and CMP 22; and two models in the CMA series,
CMA 6 and CMA 11.

To achieve the required spectral and directional characteristics CMP series pyranometers and CMA series albedometers use
thermopile detectors and glass domes. They have built-in bubble levels and the pyranometers have adjustable levelling feet.
Snap-on sun shields reduce solar heating of the housings. Albedometers have a mounting rod fitted and an integral glare-
shield to prevent direct sunlight from below the horizon entering the lower pyranometer. The waterproof connectors have
gold-plated contacts.

The instruments are normally delivered with a waterproof plug pre-wired to a high quality signal cable, typically this is 10 m
long but other lengths are available. The instruments can also be ordered with a plug only, for the user to fit their own cable.




CMP pyranometers and CMA albedometers do not require power to operate. Radiation falling onto the sensing element produces
a small analogue output voltage.

CMP 3 is smaller and lighter than the other CMP series pyranometers. It features a 64-junction thermopile sensing element with
a highly absorptive and spectrally flat black coating to capture incoming radiation and convert it to an electrical signal. This
detector is protected by a high quality glass dome which is 4 mm thick. The housing is completely sealed.

CMP 6 uses the same sensing element as CMP 3 but has improved performance due to the double glass dome construction and the
increased thermal mass of the larger housing. The glass used has better transmission of ultraviolet radiation than the CMP 3 glass.
The two high quality concentric domes, 2 mm thick, reduce directional error and improve thermal isolation. The radiometric
levelling is more accurate and CMP 6 has a drying cartridge with replaceable desiccant.

CMP10 and CMP 11 have a 32-junction thermopile sensing element which features faster response, better linearity and a wider
measurement range than the CMP 3 and CMP 6. CMP10 and CMP 11 have built-in temperature compensation. The CMP10 has
internal desiccant that lasts for 10 years and the CMP 11 has a removable drying cartridge.

CMP 21 is similar to the CMP 11 but has individually optimised temperature compensation and a sensor is fitted to monitor the
housing temperature. Each instrument is supplied with its own temperature and directional response for post-processing of

recorded data by the user. A Pt-100 temperature sensor can be ordered instead of the standard 10 kQ thermistor.

CMP 22 has all the features of CMP 21 but uses two 4 mm thick very high quality quartz domes for a wider spectral range and reduced
thermal offsets. Because of the high optical quality and refractive index of these domes the directional error is greatly reduced.

CMA 6 is an albedometer comprised of two CMP 6 sensing element and dome assemblies in a single housing with two signal
outputs on one signal connector.

CMA 11 uses two of the same sensing elements as fitted to the CMP 11 pyranometer, for similarly improved performance over the CMA 6.

Features and specifications of the CMP and CMA instruments are explained later in this manual.

1.1.2 International Standards
CMP 3 exceeds the requirements of ISO 9060:1990 for a Second Class Pyranometer.

CMP 6 and CMA 6 are fully compliant with the requirements of ISO 9060:1990 for a First Class Pyranometer.

CMP10, CMP 11 and CMA 11 are fully compliant with the requirements of ISO 9060:1990 for a Secondary Standard Pyranometer.
CMP 21 and CMP 22 significantly exceed the requirements of ISO 9060:1990 for a Secondary Standard Pyranometer.

CMP series pyranometers and CMA series albedometers are calibrated in accordance with Annex A.3 of ISO 9847 ‘Calibration of
Field Pyranometers by Comparison to a Reference Pyranometer’. Annex A.3 refers to ‘Calibration Devices Using Artificial Sources’.

Calibrations are traceable to the World Radiometric Reference (WRR) in Davos, Switzerland.

CMP series pyranometers comply with IEC 60904-1 ‘Photovoltaic devices - Part 1: Measurement of Photovoltaic Current-Voltage
Characteristics’.
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1.2 The CMP 3 pyranometer

glass dome

detector

sun shield connector

bubble level

housing

fixed foot B adjustable feet

1.3 The CMP10 pyranometer

outer glass dome
inner glass dome

detector
bubble level
sun shield
connector
desiccant ®
housing
fixed foot —— e adjustable feet
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1.4 The CMP 6, CMP 11, CMP 21 and CMP 22 pyranometers

inner glass dome

sun shield

drying cartridge

fixed foot

outer glass dome

detector

bubble level

connector

housing

adjustable feet

1.5 The CMA 6 and CMA 11 albedometers

inner glass dome

drying cartridge —y

integral glare screen

outer glass dome

upper detector

bubble level

connector

N—— housing

lower detector
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2. Installation

Please follow the instructions in this section carefully, and also refer to the instruction sheets, for the correct mechanical and

electrical installation of the CMP and CMA series radiometers.

2.1 Included with the product

Check the contents of the shipment for completeness (see below) and note whether any damage has occurred during transport. If
there is damage, a claim should be filed with the carrier immediately. In the case of damage and/or the contents are incomplete,
contact your local Kipp & Zonen representative or e-mail the Kipp & Zonen customer and product support department at:

support@kippzonen.com

Although all CMP and CMA radiometers are weather-proof and suitable for use in harsh environmental conditions, they have
some delicate mechanical parts. Please keep the original packaging for safe transport of the radiometer to the measurement

site, or for use when returning the radiometer for calibration.

The following items are included with CMP series pyranometers:

(@ Pyranometer

(@ Sun shield

(3 Cable, pre-wired with connector (2, 4 or 8 pins) or connector only for customer cable

(& Calibration certificate (with temperature response and directional response for CMP 21 and CMP 22)

(5 Instruction sheet

(6 Pyranometer fixing kit CMP 3; 2 each of stainless steel M5 x 30, M5 x 40 and M5 x 50 mm screws, nut, flat washer
Pyranometer fixing kit CMP 6, CMP10, CMP 11, CMP 21 and CMP 22; 2 each of stainless steel M5 x 80 mm screw, nut, flat
washer, nylon insulation ring

@ 2 Dessicant bags, except for CMP 3 (which is sealed) and CMP10 (desiccant lasts for 10 years, will be renewed every factory re-calibration)

CD-ROM with product documentation
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The following items are included with CMA series albedometers:

(@ Albedometer with permanently fitted mounting rod

(@ Sun shield

(3@ Cable, pre-wired with connector (4 pins) or connector only for customer cable
(& Calibration certificate

(5 Instruction sheet

(6 2 Dessicant bags

(@ CD-ROM with product documentation

[N

2.2 Tools required

The tools required to fit a CMP series pyranometer to a support are a 4 mm (M5 socket head screw) Allen key and an 8 mm (M5
nut) wrench/spanner. Tools required for the CMA series albedometers depend upon how the mounting rod will be attached to a
mast or wall (fittings are not included). Normally, the drying cartridge should be hand-tight, but a 16 mm or 5/8" open-ended
wrench/spanner can be used to loosen it.

2.3 Location and support
The Instruction sheets contain all the outline information necessary for the correct installation of the radiometers. Further
details for specific types of installation and application are given later in this section.

Check the condition of the desiccant and replace before installation, if necessary; for example after a long storage period.
Not required for CMP 3. The CMP10 internal desiccant is operational 10 years after the last calibration date as mentioned on
the instrument label and calibration certificate.

2.4 Installation for measurement of horizontal global irradiance
The following steps must be carefully taken for optimal performance of the instrument.

2.4.1 Location

Ideally, the site for the radiometer should be free from any obstructions to the hemispherical view from the plane of the sensing
element. If this is not possible, the site should be chosen in such a way that any obstruction over the azimuth range between
earliest sunrise and latest sunset should have an elevation not exceeding 5° (the apparent sun diameter is 0.5°)

14



This is important for an accurate measurement of the direct solar radiation component. The diffuse solar radiation is less
influenced by obstructions near the horizon. For instance, an obstruction with an elevation of 5° over the whole azimuth range
of 360° decreases the downward diffuse solar radiation by only 0.8 %.

It is evident that the radiometer should be located in such a way that a shadow will not be cast upon it at any time (for example
by masts). Note that hot exhaust gas (> 100°C) from ventilation ducts will produce some radiation in the spectral range of the
radiometer and cause an offset in the measurements. The radiometer should be distant from light-coloured walls or other
objects likely to reflect sunlight onto it, or emitting short-wave radiation.

The radiometer should be readily accessible for cleaning the outer dome, checking that it is level and inspecting the desiccant.

2.4.2 Mounting

The CMP pyranometer is provided with two holes for 5 mm screws. Two each of stainless steel screws, washers and nuts are
provided in the fixing kit, and two nylon insulation rings (except for CMP 3). The pyranometer should first be secured lightly with
the screws to a solid and stable mounting stand or platform, as shown below. The nylon insulators are important to prevent
corrosion between the stainless steel screws and the aluminium pyranometer housing (they are not supplied with CMP 3, where
mounting through the base flange is less critical).

The mounting stand temperature may vary over a wider range than the air temperature. Temperature fluctuations of the
pyranometer body can produce offset signals, therefore it is recommended to isolate the pyranometer thermally from the
mounting stand by placing it on its three feet. However, ensure that there is a good electrical contact with the ground to conduct
away currents in the cable shield induced by lightning.

M5 x 80 mm screw (2x) [

Nylon insulation rings (2x) M M

1
C /}L

Flat washer (2x)

>10 x h

>1 MQ Impedance

max. 100 m

/

@ 5.2 mm (2x)

@

&

| 65 mm i

Nut (2x)

Note After recalibration and/or reinstallation ensure that the nylon insulators are refitted.
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CMA albedometers are fitted with a mounting rod with a flat on the top surface that is pre-aligned with the horizontal axis of the
radiometer. The rod is 16 mm diameter and extends approximately 300 mm beyond the sun shield. The CMB 1 mounting bracket
can be used for fixing the mounting rod to a mast, pole or wall. Also refer to the requirements in 2.6 and 2.7 for the measurement
of reflected radiation and albedo.

CMP 3 has an accessory mounting rod which screws into the base flange of the pyranometer. The rod is 12 mm diameter and
300 mm long and can be used with the CMB 1 mounting bracket.

CMF 1 and CMF4 mounting fixtures for unventilated or ventilated (respectively) CMP series pyranometers have similar mounting
rods to the albedometers and can also be used with the CMB 1.

2.4.3 Orientation

In principle no special orientation of the instrument is required, although the World Meteorological Organisation (WMO) recommends
that the signal lead (connector) is pointed towards the nearest pole, to minimise heating of the electrical connections. This is also
where any mounting pole, or other support, should be located in order that shadows do not fall on the instrument.

2.4.4 Levelling

Accurate measurement of the global radiation requires proper levelling of the detector surface. Level the instrument by turning
the two adjustable feet to bring the bubble of the spirit level centrally within the marked ring. For easy levelling, first use the
screw nearest to the spirit level.

Note Itis ideal that the bubble should be completely within the marked ring. However, in fact, the pyranometer is level
within the specified accuracy when the bubble is at least half within the ring.

2.4.5 Securing
Fix the pyranometer tightly with the two stainless steel bolts. For albedometers tighten the mounting rod fixings. Ensure that
the radiometer maintains the correct levelled position when it is secured.

2.4.6 Fitting the connector and cable

Locate the plug correctly in the radiometer socket, it only fits one way, and push it in. Screw the plug locking ring hand-tight.
Over-tightening may damage the waterproof seal. Secure the cable so that it cannot blow in the wind or cause a shadow on the
instrument.

Note The cable should be arranged with a curve below the instrument so that water drips off, rather than running along
the cable up to the connector.

2.4.7 Fitting the sun shield
Finally, clip on the sun shield to prevent excessive heating of the radiometer body. The bubble level is visible through the top
of the sun shield for routine checks and the shield ‘tail’ helps to protect the connector.

2.5 Installation for measurement of tilted global irradiance

When a pyranometer is mounted on a large flat tilted surface the temperature of this surface can rise considerably (more than
10°C) above air temperature. It improves the measurement accuracy when the body is thermally isolated by its feet from the
surface. This promotes thermal equilibrium between the dome(s) and the housing and decreases zero offsets. It is advised to
pre-adjust the levelling feet on a horizontal surface for easy mounting of the instrument parallel to the inclined surface.
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For accurately and securely fixing a pyranometer at an angle to a surface an adjustable tilt mounting kit is available. See Accessories

in chapter 3.

2.6 Installation for measurement of reflected global irradiance
In the inverted position the pyranometer measures reflected global radiation. The
height above the surface (H) depends upon its roughness. The WMO recommends
a height of 1 m to 2 m above a uniform surface covered by short grass.

The mounting device should not interfere significantly with the field of view of
the instrument. The mounting plate above the pyranometer prevents excessive
heating of the housing by downwards solar radiation. CMF 1 or CMF4 mounting
fixtures can be used. The accessory glare screen kit has an angle of 5° and is
fitted to the pyranometer to prevent direct illumination of the domes by the sun
at sunrise and sunset. It does not fit the CMP 3.

Thermal offset signals generated in the pyranometer are 5 times more significant
in the measurement of reflected radiation due to the lower irradiance level.

The mast shown intercepts a fraction D/2nS. of the radiation coming from the
ground. In the most unfavourable situation (sun at zenith) the pyranometer
shadow decreases the signal by a factor R2/H2.

As a guide, a black shadow below the pyranometer with a radius of 0.1 x H decreases the signal by 1%, and 99 % of the signal

will originate from an area with a radius of 10 x H.

2.7 Installation for measurement of albedo

An albedometer consists of two identical pyranometers that measure the
incoming global solar radiation and the radiation reflected from the surface
below. Albedo is the ratio of the two irradiances, and varies from 0 (dark) to
1 (bright).

Two CMP 3’s can be mounted back to back with the standard fixing kit, and
the accessory mounting rod screwed into one of them, to make a second
class albedometer.

For two of the larger CMP pyranometers a mounting fixture is required. The
CMF 1 is used for unventilated pyranometers and the CMF4 for ventilated

instruments. The glare screen kit should be fitted to the lower pyaranometer.

The requirements for installation of the upper pyranometer are the same as
for horizontal global irradiance. The requirements for installation of the
lower pyranometer are the same as for reflected global irradiance.

The same principles apply to the CMA 6 and CMA 11 albedometers, which already have an upper sun shield and an integrated

lower glare screen and mounting rod.

— Pyranometer
A
| Glare screen (white)
H Mast (black)
< Equator
H“HHHHH\HHHHHHHHHHHHHHH\HHHHHHHHHHHHHHHHHHHHHHHHHHHH

Albedo |
mounting plate

R S |
—

Sun shield (white)

=

|
|
ST
— Pyranometers |
A |
| Glare screen (white) |
H Mast (black)
< Equator
H"HHHHH\HHHHHH\HH\HH\H\HH\HH\H\HHH\HHHHHHHHH\HHHHHHHHHHH
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2.8 Installation for measurement of horizontal diffuse irradiance
For measuring the diffuse radiation from the sky, the direct solar radiation

Shadow ring
must be blocked from the pyranometer dome(s).

Pyranometer

A static shadow ring can be used to intercept the direct solar radiation. This
requires frequent manual adjustment as the sun’s arc in the sky changes. At

times the shadow ring also intercepts a significant proportion of the diffuse <Equam,
sky radiation. Therefore, post-processing of the recorded data is necessary to 1 1
correct for this.
Sun
Shadow ball

Kipp & Zonen produces a universal shadow ring, model CM 121, which is
suitable for use at all latitudes. Pyranometer
The alternative to a shadow ring is to use a two-axis automatic sun tracker,
such as one of the Kipp & Zonen SOLYS 2 or 2AP. The sun tracker uses location
and time information to calculate the position of the sun and point at it
accurately under all weather conditions.

The sun tracker can be fitted with a small sphere mounted on an articulated
shading assembly. The shadow of the sphere is adjusted to cover the
pyranometer dome(s) completely and it will then be shaded correctly

throughout the year without adjustment.

2.9 Electrical connections

As standard CMP pyranometers and CMA albedometers are supplied with a waterproof connector pre-wired to 10 m of high quality
yellow cable with 2, 4 or 8 wires and a shield covered with a black sleeve. Longer cables of 25 m and 50 m length are available as
options and 100 m on special request. The colour code of the wires and the connector pin numbers are shown below and on the
instruction sheets.

Note Where the cable needs to be longer than 50 m, the AMBOX 4 to 20 mA signal amplifier is recommended.

2.9.1 Pyranometer connections

CMP 3, CMP 6, CMP10 and CMP 11 are fitted with a 2-pin connector and 2-wire shielded cable. CMP 21 and CMP 22 are fitted with
a 4-pin connector and 4-wire shielded cable, the 2 extra connections are for the standard 10 kQ thermistor temperature sensor
signal. CMP 21 and CMP 22 with the optional Pt-100 temperature sensor are fitted with an 8-pin connector and 8-wire shielded

cable, two wires are not used.

Thermistor (CMP 21 and CMP 22)

Radiation Signal

Wire Function Connect with Green
E T Thermistor
| Red + + (Hi) Yellow
v Blue - - (Lo) Optional for CMP 21 and CMP 22)
Shield Housing -L Ground

Combined

Brown
T Pt-100
Green
Combined
Grey
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2.9.2 Albedometer connections
CMA 6 and CMA 11 are fitted with a 4-pin connector and 4-wire shielded cable.

Radiation Signal

Function Connect with
+ (Hi)
Upper
- (Lo)
+ (Hi)
Lower
- (Lo)
Housing -L Ground

2.9.3 Grounding
The shield of the cable is connected to the aluminium radiometer housing through the connector body. Preferably,
secure the radiometer with its levelling screws to a metal support with a good connection to ground (e.g. by using
a lightning conductor) and do not connect the cable shield.

If there is no good ground connection at the pyranometer, the shield at the cable end should be connected to

& ground at the readout equipment. Lightning can induce high voltages in the shield but these will be led off at the
pyranometer or readout equipment.

2.9.4 Radiation signal output

The radiometers produce a low-level analogue voltage output. Each radiometer (each ‘half’ of an albedometer) has a unique

sensitivity, which is given on the serial number label on the instrument and on the calibration certificate.

The sensitivity is in the range of 5 to 20 pV/W/mz2.

Therefore, to accurately measure changes in irradiance of 1 W/m2 the data logger or data acquisition system requires a total
input measurement uncertainty (error) of 5 pV, or less; including noise, offsets, resolution, temperature effects, etc.

The maximum irradiance under natural sunlight is unlikely to exceed 1500 W/mz2.
The signal output can be connected to a single-ended or differential measurement system input.

Note The input impedance of the readout equipment should be > 1 MQ.
Note The output signal can be negative at night-time. This is normal and is not a fault (see section 7.2).

2.9.5 Temperature signal output

The CMP 21 and CMP 22 are fitted with an internal temperature sensor close to the cold-junction of the thermopile sensing
element. Recording this signal allows post-processing of the radiation signal data to remove the small effect of temperature
changes not compensated for by the internal circuit. The individual temperature response of each CMP 21 and CMP 22 is provided
with the calibration certificate.

For the standard 10 kQ thermistor temperature sensor the conversion from resistance to temperature is given in Appendix C.

For the optional Pt-100 temperature sensor the conversion from resistance to temperature is given in Appendix D.
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3. Accessories

Below is a brief description of the accessories available for CMP series pyranometers. Detailed information can be found on our
website, where the brochures and manuals for these accessories can be viewed and downloaded. The only accessories available
for the CMA series albedometers are the CMB 1 mounting bracket and the AMPBOX 4 to 20 mA signal amplifier (two amplifiers
are required).

3.1 Diffuse radiation measurement

For measuring diffuse radiation a shading device is required. Kipp & Zonen can offer several options for CMP pyranometers:
Shadow ring CM 121B for a CMP 3 or an unventilated CMP 6, CMP10, CMP 11, CMP 21 or CMP 22
Shadow ring CM 121C for a ventilated CMP 6, CMP10, CMP 11, CMP 21 or CMP 22

This shadow ring needs to be adjusted manually every 3-5 days and corrections made for the part of the sky obscured by the ring.

An automated and more accurate way to measure diffuse radiation is to use an automatic sun tracker fitted with a shading mech-
anism:

2AP sun tracker + shading ball assembly

SOLYS 2 sun tracker + shading ball assembly

3.2 Ventilation
To further improve measurement accuracy of the CMP 6, CMP10, CMP 11, CMP 21 or CMP 22 pyranometers the CVF4 ventilation unit
can be used. CVF4 operates from 12 VDC, has a tacho pulse output to monitor the fan speed, and both 5 Watt and 10 Watt heaters.

The advantages of a CVF4 are:
Lower thermal offsets
No precipitation or condensation on the dome
Less dirt on the dome
Frost, snow or ice can be melted
Less frequent cleaning required

No ventilation unit is available for the CMP 3 pyranometer or the CMA 6 and CMA 11 albedometers.

3.3 Mountings

For mounting pyranometers the following plates and brackets are available:
Mounting rod for CMP 3
CMF 1 mounting fixture with rod for mounting one or two unventilated CMP 6, CMP10, CMP 11, CMP 21 or CMP 22
CMF4 mounting plate with rod for mounting one or two ventilated CMP 6, CMP10, CMP 11, CMP 21 or CMP 22
CMB 1 mounting bracket to fix and adjust a mounting rod to a mast, pole or wall
Adjustable tilt mounting kit allows tilting of a CMP pyranometer (e.g. in the same plane as a PV panel), It has a
clear scale for setting the desired angle.

3.4 Glare screen kit

When a CMP 6, CMP10, CMP 11, CMP 21 or CMP 22 pyranometer is mounted looking downwards, to measure reflected radiation,
it should be fitted with the glare screen kit. The screen blocks radiation coming from the 5° below the horizon of the pyranometer,
to prevent direct illumination of the domes by the sun at sunrise and sunset. CMA albedometers have an integral glare screen.
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4. Operation and measurement

CMP series pyranometers and CMA albedometers only require a suitable source of radiation (light) to operate and make
measurements, no power is required. However, it is necessary to connect them to some sort of readout or data storage device
in order to save the measurements, there is no internal data memory.

4.1 Data collection
An optimal setting for the data interval is to sample every second and store one minute averages. For setting up the combination
of radiometer and data storage please refer to the manual of the data collection device.

Take care to match the output range of the pyranometer to the input range of the data collection device to maximise the availa-
ble resolution and minimise noise.

This can be done by determining the maximum expected analogue output of the pyranometer in your application and taking the
minimum input range of your data collection device that can just handle that signal. Also refer to section 2.9.4.

4.2 Key parts of CMP and CMA series radiometers
The detectors of the radiometers are based on a passive thermal sensing element called a thermopile. Although the detector
construction differs between models, the fundamental working principle is applicable to all the radiometers.

The thermopile responds to the total energy absorbed by a unique black surface coating developed by Kipp & Zonen, which is
spectrally non-selective. The thermopile warms up and the heat generated flows through a thermal resistance to a heat-sink, the
pyranometer housing. The temperature difference across the thermal resistance of the detector is converted into a small voltage
as a function of the absorbed irradiance.

The rise of temperature in the thermopile is easily affected by wind, rain and thermal radiation losses to the environment (for
example, a 'cold' sky) and the delicate black coating must be protected. Therefore the detector is shielded by two domes (except
for the entry-level CMP 3, which has only one dome to reduce size and cost). These domes allow equal transmittance of the direct
solar radiation component for every position of the sun in the hemisphere above the detector.

glass dome

detector

sun shield connector

bubble level

housing
fixed foot r® @ adjustable feet

Key parts of the CMP 3 pyranometer
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A drying cartridge in the radiometer housing is filled with replaceable silica gel and prevents condensation on the inner
sides of the domes, which can cool down considerably on clear windless nights. The CMP 3 has a sealed construction with a
non-replaceable internal drying cartridge. The CMP10 has an internal desiccant that lasts for 10 years.

4.2.1 Dome(s)

The material of the radiometer dome(s) defines the spectral measurement range of the instrument. In general 97 to 98 % of the
solar radiation spectrum will be transmitted through the domes and will be absorbed by the detector. The solar irradiance can
come from any direction within the hemisphere above the radiometer and therefore the domes are designed to minimize errors
in measurement at all incident angles (the directional response).

CMP 3 pyranometers have a single 4 mm thick optical quality glass dome. CMP 6, CMP10, CMP 11 and CMP 21 have one inner
dome and one outer dome. Each is 2 mm thick and of higher quality glass, with a broader spectral range and finer finishing and
tolerances than the CMP 3. CMP 22 has two 4 mm thick domes of very high quality optical quartz.

4.2.2 Detector

The thermopile sensing element is made up of a large number of thermocouple junction pairs connected electrically in series.
The absorption of thermal radiation by one of the thermocouple junctions, called the active (or ‘hot’) junction, increases its
temperature. The differential temperature between the active junction and a reference (‘cold’) junction kept at a fixed temper-
ature produces an electromotive force directly proportional to the differential temperature created.

This is a thermoelectric effect. The sensitivity of a radiometer depends on the individual physical properties of the thermopile
and its construction. The sensitivity of each thermopile is unique and therefore each radiometer has an individual calibration
factor. This sensitivity is given in the calibration certificate and is on the serial number label attached to the instrument.

The unique black coating on the top surface of the thermopile has a rough structure that effectively ‘traps’ more than 97 % of the
incident radiation and heats up the hot junctions. The black-coated thermopile forms the detector, which has a spectral selectivity
of less than 2%. This means that within the spectral range of the pyranometer, the absorption for each wavelength is equal to
within 2%. The black absorptive coating is one of the most crucial and delicate parts of the pyranometer, Kipp & Zonen’s provides
the best possible stability over a long period of time under all meteorological circumstances.

4.2.3 Housing

The instrument housing accommodates all the key parts of a radiometer. The anodized aluminium parts are light weight and give
high mechanical and thermal stability to the instrument. The stainless steel fixings are isolated where necessary to prevent
electrolytic corrosion.

Due to fine mechanical construction, Kipp & Zonen pyranometers and albedometers are virtually sealed and comply with
international standard IP 67. Pyranometers have one fixed foot and two adjustable feet and can be levelled using the integral
bubble level. For all except the CMP 3, the bubble level is visible from above without removing the snap-on white sun shield
(CMP 3 has the bubble level in the base flange). The sun shield acts to protect all the external parts and to reduce solar heating
of the housing.
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4.2.4 Drying Cartridge

The entry-level CMP 3 has a sealed construction with a non-replaceable internal drying cartridge. However, this also makes it
non-serviceable. For serviceability of the higher performance radiometers the construction cannot be completely sealed. In this
case, over time, water vapour can ‘breathe’ into the housing, mainly due to temperature and pressure changes.

To keep the detector and electrical components dry and to prevent condensation forming inside the domes with temperature
changes a self-indicating silica-gel desiccant is used to absorb humidity within the radiometer. When fresh the desiccant has an
orange colour. After some time absorbing moisture the colour will change to clear (transparent). At this time the silica gel is not
fully saturated, but should be replaced with fresh orange desiccant as soon as possible. Two packs of replacement desiccant are
supplied with the radiometer. Further packs are available through Kipp & Zonen representatives. The CMP10 has a special
sealing and internal desiccant that needs replacement after 10 years. This is done with every factory re-calibration.

4.2.5 Cable and Connector

For ease of installation of the radiometer, and replacement during re-calibration, the CMP and CMA series are provided with a
waterproof connector socket fitted to the pyranometer housing. The matching waterproof plug is normally supplied pre-wired to
a very high quality yellow cable selected for low noise, very wide temperature range and UV resistance.

Cables are supplied pre-wired to the connector plug in a range of lengths, 10 m is standard. 25m, 50 m and 100 m lengths are
also available. The connector plug can also be supplied loose for the user to fit to their own cable.
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A.9 Zero offset type B

Proportionally to the ambient temperature the instrument temperature varies and causes thermal currents inside the instrument.
This will cause an offset commonly called Zero Offset Type B. It is quantified in ISO 9060:1990 as the response in W/m2to a 5 K/hr
change in ambient temperature.

A.10 Operating temperature

The operating temperature range of the radiometer is determined by the physical properties of the individual parts. Within the specified
temperature range Kipp & Zonen radiometers can be operated safely. Outside this temperature range special precautions should be
taken to prevent any physical damage or performance loss of the radiometer. Please contact your Kipp & Zonen representative for
further information regarding operation in extreme temperature conditions.

A.1 Field of view

The field of view is defined as the unobstructed open viewing angle of a radiometer. ISO and WMO require that a pyranometer
for the measurement of global solar radiation has a field of view of 180° in all directions (i.e. a hemisphere). The inherent field
of view of the instrument should not be confused with the clear field of view of the installation location.

A.12 Directional response
Radiation incident on a flat horizontal surface originating from a point source with a defined zenith position (such as the sun)

will have an intensity value proportional to the cosine of the zenith angle of incidence. This is sometimes called the ‘cosine-law’
or ‘cosine-response’ and is illustrated below. a is the zenith angle, where 0° is vertical and 90° is horizontal.

o8
258

o =45° a=0°

Ideally a pyranometer has a directional response which is exactly the same as the cosine-law. However, in a pyranometer the
directional response is influenced by the detector and by the quality, dimensions and construction of the dome(s). The maximum
deviation from the ideal cosine-response of the pyranometer is given up to 80° angle of incidence with respect to 1000 W/m?
irradiance at normal incidence (0° zenith angle).

A.13 Maximum irradiance
The maximum irradiance is defined as the total irradiance level beyond which physical damage may occur to the instrument.

A.14 Non-stability
This is the percentage change in sensitivity over a period of one year. This effect is mostly due to degradation by UV radiation
of the black absorber coating on the thermopile surface.

Kipp & Zonen recommends recalibration every two years. However, for quality assurance purposes some institutes, companies or
networks may require more or less frequent recalibration. Please read the chapter on the calibration procedure for pyranometers
for more information.
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A.15 Spectral selectivity
Spectral selectivity is the variation of the dome transmittance and absorption coefficient of the black detector coating with
wavelength and is commonly specified as % of the mean value.

A.16 Environmental
The CMP and CMA series are intended for outdoor use under all expected weather conditions. The radiometers comply with IP 67
and their solid mechanical construction is suitable to be used under all environmental conditions within the specified ranges.

For use in harsh marine environments, such as offshore; the CMP 6, CMP10, CMP 11, CMP 21 and CMP 22 are available to special
order in stainless steel construction - at extra cost, and subject to a minimum order quantity.

A.17 Uncertainty

The measurement uncertainty of a pyranometer can be described as the maximum expected hourly or daily uncertainty with
respect to the ‘absolute truth’. The confidence level is 95%, which means that 95% of the data-points lie within the given
uncertainty interval representing the absolute value. Kipp & Zonen empirically determines uncertainty figures based on many
years of field measurements for typical operating conditions.

When a pyranometer is in operation, the performance is correlated to a number of parameters, such as; temperature, level of
irradiance, angle of incidence, etc. If the operating conditions differ significantly from the calibration conditions, uncertainty in
the calculated irradiances must be expected.

For a ‘High Quality’ pyranometer the WMO expects maximum uncertainty in the hourly radiation totals of 3%. In the daily total
an uncertainty of 2% is expected; because some response variations cancel each other out if the integration period is long. See
the WMO ‘Guide to Meteorological Instruments and Methods of Observation’ Seventh Edition, 2008. ISO 9060:1990 does not
refer to hourly or daily uncertainties.

Many years of experience has shown that pyranometer performance can be improved concerning zero offset type A by using a
well-designed ventilation system. The Kipp & Zonen CVF4 ventilation unit is recommended for the CMP 6, CMP10, CMP 11,
CMP 21 and CMP 22 to minimise this small remaining error.
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Appendix B. Pyranometer classification to ISO 9060:1990(E)

1 | Response time (95 %)

2 | Zero offsets
(a) Response to 200 W/m2 net thermal radiation (ventilated)
(b) Response 5 K/hr change in ambient temperature

3a | Non-stability

percentage change in responsivity per year

3b | Non-linearity

percentage deviation from the responsivity at 500 W/m2 due to the change of irradiance within the range 100 W/m2 to 1000 W/m?

3c | Directional response (for beam radiation)

the range of errors caused by assuming that the normal incidence responsivity is valid for all directions when measuring from any
direction a beam of radiation whose normal incidence irradiance is 1000 W/m2

3d | Spectral selectivity

and 1.5 ym

percentage deviation of the product of spectral absorptance and spectral transmittance from the corresponding mean within 0.35 pm

3e | Temperature response

percentage deviation due to change in ambient temperature within an interval of 50 K

3f | Tilt response

percentage deviation from the responsivity at 0° tilt (horizontal) due to change in tilt from 0° to 90° at 1000 W/m2 irradiance

(for beam radiation)

+20 W/m2 |+ 10 W/m2
up to 80° zenith angle

up to 80° zenith angle

up to 80° zenith angle

up to 80° zenith angle

Reference number ISO Pyranometer Categories CMP3 CMP 6/CMA 6 CMP10,11/CMA11  CMP21 (MP22
150 9060:1990 classification Second Class First Class NIGEITR IO Second Class First Class Secondary Standard | Secondary Standard | Secondary Standard
1 Response time (95%) <18s <18s <5s <5s <5s
2 Zero offsets
(a) +30 W/m2 [+15W/m2 (7 W/m2 <15W/m2® |<15W/m2® |<7W/m2® [<7W/m2® [<3W/m2®
(b) +8W/m2 [+£4W/m2 [x2W/m? <5 W/m2 <4 W/m2 <2 W/m2 <2 W/m2 <1W/m2
3a Non-stability +3.0% < 1% <1% <0.5% <0.5% <0.5%
3b Non-linearity +3% < 1% <1% <0.2% <0.2% <0.2%
3c Directional response [E3E[oR ik <20 W/m2 <20 W/m2 <10 W/m?2 <10 W/m?2 <5 W/m2

up to 80° zenith angle

3d +10%

Spectral selectivity

3e Temperature response KR4

4% 2% <5%
(-10°C to +40°C)
interval of 50 K

<3% <3% <3% <3%
<4% <1% <1% <0.5%
(-10°Cto +40°C) (-10°C to +40°C) (-20°C to +50°C) (-20°C to +50°C)

interval of 50 K

interval of 50 K

interval of 70 K

interval of 70 K

3f Tilt response £2% +0.5% <1%

<1%

<0.2%

<0.2%

<0.2%

®without ventilation
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Appendix C. 10kQ Thermistor specifications

Thermistor (10 kQ @ 25 °C)

T=(a+[B+(n(®)+y-(n(R)]) -27315 T [°C] = Temperature

, . R [Q] =Resistance
o :103+10% B:2.38+10% y: 159107

YSI Thermistor 44031 - Resistance versus Temperature in °C and °F

Temperature Resistance Temperature Resistance Temperature Resistance
[°’c]  [°F] [Ohm] [°’c]  [°F] [Ohm] [°c]  [°F] [Ohm]
-30 -22.0 135,200 o 32.0 29,490 30 86.0 8,194
-29 -20.2 127,900 1 33.8 28,150 31 87.8 7,880
-28 -18.4 121,100 2 35.6 26,890 32 89.6 7,579
-27 -16.6 114,600 3 37.4 25,690 33 91.4 7,291
-26 -14.8 108,600 4 39.2 24,550 34 93.2 7,016
-25 -13.0 102,900 5 41.0 23,460 35 95.0 6,752
=24 -11.2 97,490 6 42.8 22,430 36 96.8 6,500
-23 9.4 92,430 7 44.6 21,450 37 98.6 6,258
-22 -7.6 87,660 8 46.4 20,520 38 100.4 6,026
=21 -5.8 83,160 9 48.2 19,630 39 102.2 5,805
-20 -4.0 78,910 10 50.0 18,790 40 104.0 5,592
-19 -2.2 74,910 11 51.8 17,980 41 105.8 5,389
-18 -0.4 71,130 12 53.6 17,220 42 107.6 5,193
-17 1.4 67,570 13 55.4 16,490 43 109.4 5,006
-16 3.2 64,200 14 57.2 15,790 44 111.2 4,827
-15 5.0 61,020 15 59.0 15,130 45 113.0 4,655
-14 6.8 58,010 16 60.8 14,500 46 114.8 4,489
-13 8.6 55,170 17 62.6 13,900 47 116.6 4,331
-12 10.4 52,480 18 64.4 13,330 48 118.4 4,179
-11 12.2 49,940 19 66.2 12,790 49 120.2 4,033
-10 14.0 47,540 20 68.0 12,260 50 122.0 3,893
-9 15.8 45,270 21 69.8 11,770 51 123.8 3,758
-8 17.6 43,100 22 71.6 11,290 52 125.6 3,629
-7 19.4 41,070 23 73.4 10,840 53 127.4 3,504
-6 21.2 39,140 24 75.2 10,410 54 129.2 3,385
-5 23.0 37,310 25 77.0 10,000 55 131.0 3,270
-4 24.8 35,570 26 78.8 9,605 56 132.8 3,160
-3 26.6 33,930 27 80.6 9,227 57 134.6 3,054
-2 28.4 32,370 28 82.4 8,867 58 136.4 2,952
-1 30.2 30,890 29 84.2 8,523 59 138.2 2,854
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Appendix D. Pt-100 specifications

Pt-100 (100 Q @ 0°C)

-R
- 2_4.6. | 222
a+,[a=4B (100+

2B

0.:3.9083+107 B :-58019+107

Pt-100 - Resistance versus Temperature in °C and °F

T [°C] = Temperature
)

r R [Q] =Resistance

Temperature Resistance Temperature Resistance Temperature Resistance
[°cc]  [°F] [Ohm] [°’c]  [°F] [Ohm] [°c]  [°F] [0hm]
-30 -22.0 88.2 0 32.0 100.0 30 86.0 111.7
-29 -20.2 88.6 1 33.8 100.4 31 87.8 112.1
-28 -18.4 89.0 2 35.6 100.8 32 89.6 112.5
-27 -16.6 89.4 3 37.4 101.2 33 91.4 112.8
-26 -14.8 89.8 4 39.2 101.6 34 93.2 113.2
-25 -13.0 90.2 5 41.0 102.0 35 95.0 113.6
=24 -11.2 90.6 6 42.8 102.3 36 96.8 114.0
-23 9.4 91.0 7 44.6 102.7 37 98.6 114.4
=22 -7.6 91.4 8 46.4 103.1 38 100.4 114.8
=21 -5.8 91.8 9 48.2 103.5 39 102.2 115.2
-20 -4.0 92.2 10 50.0 103.9 40 104.0 115.5
-19 =2’ 92.6 11 51.8 104.3 41 105.8 115.9
-18 -0.4 93.0 12 53.6 104.7 42 107.6 116.3
-17 1.4 93.3 13 55.4 105.1 43 109.4 116.7
-16 3.2 93.7 14 57.2 105.5 44 111.2 117.1
-15 5.0 94.1 15 59.0 105.9 45 113.0 117.5
-14 6.8 94.5 16 60.8 106.2 46 114.8 117.9
-13 8.6 94.9 17 62.6 106.6 47 116.6 118.2
-12 10.4 95.3 18 64.4 107.0 48 118.4 118.6
-11 12.2 95.7 19 66.2 107.4 49 120.2 119.0
-10 14.0 96.1 20 68.0 107.8 50 122.0 119.4
-9 15.8 96.5 21 69.8 108.2 51 123.8 119.8
-8 17.6 96.9 22 71.6 108.6 52 125.6 120.2
-7 19.4 97.3 23 73.4 109.0 53 127.4 120.6
-6 21.2 97.7 24 75.2 109.4 54 129.2 120.9
-5 23.0 98.0 25 77.0 109.7 55 131.0 121.3
-4 24.8 98.4 26 78.8 110.1 56 132.8 121.7
-3 26.6 98.8 27 80.6 110.5 57 134.6 122.1
-2 28.4 99.2 28 82.4 110.9 58 136.4 122.5
-1 30.2 99.6 29 84.2 111.3 59 138.2 122.9
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Our customer support remains at your disposal for any maintenance or repair, calibration,
supplies and spares.
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