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References 

This manual should be read in conjunction with the associated StarlogV4 User Manual 
which describes the setting up of logging schemes for NRT terminals as well as all other 
Unidata Data loggers. 

This manual should also be read in conjunction with the Neon Server Documentation which 
is available in PDF form from the Unidata web site and is also available as help screens 
within the Neon Server system. 

The NRT Terminal User Manual, the StarlogV4 User Manual and the Neon Server User & 
Administrator Documentation form part of the documentation suite for the overall Neon 
System. 
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1.0 NEON TECHNOLOGY AND MODULES OVERVIEW 

Neon is a system for collecting measurements from field instruments and transmitting the 
measurements to a central system for data recording, analysis, reporting and data transfer 
to other external systems.  

The Neon system also provides facilities for data collection, analysis, reporting and field 
measurement equipment and management within specified areas as defined by the 
system.  Examples of this include country wide access, regional access and different 
access levels according to the rights and privileges of users, e.g. supervisor level, 
manager level, coordinator level and read only user level.  The Neon System is suited to a 
range of uses such as environmental monitoring of remote instrumentation and automated 
industrial and utility metering. 

The Neon system may be offered on a system basis, with the customer purchasing the 
server and a software license from Unidata, or can be provided on an application service 
basis where the customer pays a service fee for Unidata to run the application on a 
Unidata central server. 

 

 

Overview of the Neon System  
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1.1 Typical Neon Measurement System 

 

 

 

The figure above is an example of a Neon installation showing an NMM connected to a 
Water Level Instrument.  Every day the NMM will send a “packet” of information 
containing the data in raw format via GSM / 3G to the Neon server.  The Neon server 
extracts the raw data from the packet.  The data is then stored on a secure server until the 
client accesses the data using a standard Web Browser. 

 

1.2 The Internet 

The Internet provides the transport mechanism between the Neon Servers and the 
telecommunication provider gateways.  This means that NMM units can be used 
anywhere in the world. 

 

1.3 GSM 

GSM (Global System Mobile) is a cell phone standard developed for second-generation 
(2G) digital cellular networks used by mobile phones in most parts of the world.  GSM 
provides the “backbone” upon which GPRS, voice and data communication travel.   

 

1.4 GPRS 

GPRS (General Packet Radio Service) is an IP-enabled cellular solution for urban 
communications.  The power requirements are low and the GPRS electronics are fully 
integrated within the NMM.  GPRS communications are generally available wherever 
GSM communications are available. 

By this means a logger or field instrument connected to a GPRS-enabled communications 
device (such as a Neon NMM) can deliver data to any Internet connected computer. 
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GPRS provides an always-connected service – i.e. there is no dial up required.  Typically 
the user pays for data use and not for time. 

 

1.5 3G 

3G is the third generation of mobile telecommunications technology.  3G provides for 
faster information transfer rates. 

 

1.6 Satellite Packet Data Service 

There are several low earth orbit and equatorial orbit packet data service providers.  The 
NMM Satellite uses either the Globalstar system or the Inmarsat system.   

The Globalstar system provides a service very similar to the Cellular based GSM GPRS 
service except via a satellite network.   

The Inmarsat system provides IP (Internet Protocol) connectivity via the international 
Inmarsat GEO Satellite network from any location on the globe, except the Arctic and 
Antarctica. The Inmarsat system is used by Ethernet models of NMM. 
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1.7 NRT Internal Architecture 

The NRT Internal architecture is shown below.  It contains two discrete sections, 

A LOGGER section where the terminal connects to the field transducers and the logging 
scheme, scan rates and diagnostics are managed. 

The StarlogV4 support software allows a user to generate a logger scheme which defines 
transducer information, logging scan rates, logger interval etc and various engineering unit 
definitions.  These files are called, for example the LDR and KBD files.  

A COMMUNICATOR section which deals with communications to the server.  This section 
contains, for example, a scheduler component and the modem component, either a 
Cellular Network modem or a Satellite Network modem.  The communicator manages 
functions such as the reporting interval, the number of communications attempts per 
communications session, etc. 

The StarlogV4 support software allows a user to generate a configuration file for the 
Communicator section, called an FPO file in which the user sets the required 
communications parameters. 
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2.0 SUMMARY OF NEON REMOTE TERMINALS 

Neon Remote Terminals (NRT units) are small, ultra-low power microprocessor-based 
devices designed to collect data from data loggers and SDI-12 instruments.  This data is 
then sent via Cellular Networks or Satellite packet data to a Neon server on a 
programmed schedule or as required for alerts. 

The NRT also incorporates a fully-programmable data logger so that simple analogue and 
digital signals may be directly connected and recorded. 

NRTs are classified according to the communications network over which they 
communicate.  That is as either: Terrestrial (Cellular), Satellite (Globalstar or Inmarsat) or 
Ethernet. 

 

There are many different models of Neon Metering Modules. 

 Plastic case models are referred to as Neon Remote Terminals  (NMMs),  
 Plastic case models with an LCD are referred to as Neon Remote Modules 

(NRMs) and  
 Metal enclosure models are referred to Neon Remote Terminals (NRTs). 

This manual refers to all NMMs/NRMs/NRTs as NRTs because all 2015F’s are NRTs. 

 

All Neon Remote Terminals are small self-contained units in compact cases that connect 
to sensors in the field, collect readings from those sensors and transmit the collected data 
to a central Neon server.  The type of network over which the collected data is transmitted 
varies from model to model. 

The Neon central server system can be provided either on a Neon Data Service basis or 
on a Neon Client System basis.  Both provide a central computer system to monitor and 
receive data from many Neon Remote Terminals in the field. 

All Neon Remote Terminals are designed to automate collection of remote data from 
environmental monitoring, industrial measurements and utility metering via a 
communications network from any location within the network coverage area. 

Fully bi-directional communications are possible via the Neon server. Data can be 
collected directly and the Neon module can be programmed from any internet connection. 

The Neon modules also support integrated logging or automated collection of data from 
an external data logger. 

All Neon Remote Terminals utilise built-in modems that support packet data. They have 
long battery life and low operating costs through use of advanced microcontroller 
technology. 

All Neon Remote Terminals provide Input /Output functions as standard, including analog 
and digital inputs and SDI-12 data logger interface.  There is also Modbus support via a 
partial implementation of the Modbus protocol, which allows for reading from and writing 
to specific registers within the Modbus RTU on an RS485 connection.  Further details are 
available on request. 
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2.1 2015F Neon Remote Terminal – Satellite 

The 2015F NRT Satellite is a small self-
contained metal cased Neon Remote Terminal 
that communicates with the Neon server via 
the Globalstar satellite network. 

 

 

3.0 NRT LED INDICATOR 

The simplest indicator is the red LED which is visible in the window of the unit. 

On first power on the LED will be brightly on (not flashing) for 10 seconds indicating the 
unit is in the process of being reset.  Do not interrupt this initial start-up process.  If the 
initial start-up is interrupted you should power down, wait a few minutes, and then power 
up again. 

 Slow flashing bright LED.  One flash per second indicates the NRT is 
establishing a network connection via the internal modem.  This process takes 
approximately 10 to 20 seconds. 

 Fast flashing bright LED.  3 to 5 flashes per second indicate the PPP session is 
running and the NRT is communicating through the internal modem to the host 
server.  If the NRT is programmed to hold the PPP session open all the time, i.e. 
the always on mode, the LED will continue to flash at this rate. 

 Slow brief flashing (dim) LED.  One dim flash every Scan Interval (typically every 
5 seconds) indicates normal NRT operation (sleeping).  No communication is in 
progress. The NRT has been programmed to log data and will only establish 
communications at the defined reporting interval with which it has been configured. 

 Very occasional bright single flash.  This indicates the scheme is actively 
logging rather than sleeping at that particular time.  If you have a scheme which 
has a 5 second Scan rate and a 1 minute Log Interval, you will see dim flashes 
(indicating sleep) every 5 seconds (i.e. every scan interval), then one bright flash 
on the minute, indicating that a log is in progress.  This cycle repeats at the Log 
Interval, hence the LED will brightly flash every 1 minute. 

When the NRT periodically communicates with the Neon server, the LED will  

 slowly flash as it establishes a network connection, then  
 quickly flash while it actually communicates with the Neon server (uploads log 

data, downloads its scheme, processes queued commands, etc), then  
 slowly flash as it disconnects from the network 

The durations of each stage will vary according to the telemetry type of the NRT and how 
much data is transferred between the NRT and Neon server. 
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If an NRT has been configured on the Neon server to Auto Cold Boot, then after the 10 
second start up illumination, the NRT will immediately start a normal comms cycle, as 
previously described, following the normal slow flashing, fast flashing, slow flashing cycle. 
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4.0 GLOBALSTAR NRT SETUP AND TEST 

The NRT Satellite has an internal Globalstar/ Qualcomm Satellite modem specifically for 
use on the Globalstar Satellite system.  You will need to contact Globalstar in your region 
and set up an account for use of the Globalstar service. 

The Globalstar regional office will require the Electronic Serial Number of the modem and 
may need to have the modem set up for the regional operating parameters  Once the 
Globalstar modem has been registered with Globalstar and the account has been set up 
and the Electronic Serial number registered it is ready for use. 

Attach receive and transmit antenna cables taking care not to bend / distort them to the 
Globalstar satellite Modem.  Note the antenna is an active one and is clearly marked with 
TX and RX as are the cables.  If you mix up the TX and RX cables you can damage the 
antenna and modem, so take great care to check this. 

 

4.1 Satellite NRT Site Installation 

Take the complete NRT Satellite unit out of the building and set it up with a laptop 
computer where there is a clear view of the sky.  The installation site needs to be selected 
to give the best unobstructed view of the sky, for Globalstar satellites, and an 
unobstructed view of the satellite, if an Inmarsat system is being used.  As far as possible, 
there should be a minimum of trees and buildings restricting the clear view of the sky. 

 

4.2 Globalstar Satellite Site Installation 

The Globalstar satellites cross from one horizon to the other horizon in approximately 20 
minutes, assuming a coverage view of the sky of 160 degrees, i.e. 80 degrees each side 
of the vertical.  Globalstar antennas should therefore be mounted horizontally, pointing 
directly overhead. 

If you only have an 80 degree view of the sky, i.e. 40 degree look angle from the vertical, 
you may not see satellites for some time.  Also you will only see a passing satellite for half 
the horizon to horizon transit time, so you will only be able to see that particular satellite 
for 10 minutes.  These important factors need to be considered when installing the NRT 
Satellite. 

Also, Globalstar satellites do not always pass directly overhead.  That is, they do not 
always traverse 180 degrees of the sky.  Typically they rise from one point on the horizon 
and set via another that can be at any compass point.  When a satellite rises and sets 
only a few degrees apart on the horizon, it does not rise very high into the sky and will 
only be visible for less than the maximum time. 

However, there are multiple Globalstar satellites in orbit, so it is also possible for one 
satellite to come into view before the first goes out of site, allowing for longer coverage.  In 
practice it is common for satellite sessions to last anywhere from a few minutes up to 
around 40 minutes.  NRTs only need a very small window (less than a minute) for the 
satellite to be in view to allow for communications to complete.  But it must be noted that 
Globalstar satellites will not always be visible when it is time for the NRT to communicate 
at its scheduled time with the Neon server.  Globalstar coverage has improved greatly in 
recent years but it is still not perfect. 
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4.3 NRT Connections 

NMM wiring connections are listed in the separate “Unidata Manual - NRT Family Cables 
& Connection Supplement” companion document. 
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5.0 NRT POWER REQUIREMENTS 

 

5.1 Internal Power 

The NRT Terminals can be powered by internal batteries and / or with an external battery 
supply.  The recommended batteries are SAFT Lithium batteries which are specified in 
this manual.  The Lithium batteries provide high inrush current required for modern cellular 
hand phones.  

The NRT Satellite has three Lithium Batteries for the internal battery supply. 

 

5.2 External Power 

If required the NMM can be powered by an external supply of 6 to 16VDC @ 2A peak 
(while transmitting) and 25mA (while receiving) and 30uA while on standby.  Unidata 
recommends 12V 7.2AH SLA (Sealed Lead Acid) batteries as a good external supply.  
External instrumentation must be separately powered if more than 500uA is required.  The 
download schedule is the largest consumer of power. 

The Continuous Drain Equivalent rating can be used to size the external power 
requirements and duration of external power supplies.  However, external power sources 
should have an additional 100uA at 12V or 50uA at 6V continuous drain added, (due to 
parasitic losses in the NMM circuitry). 

The decision to use an external power supply should be based on the projected or known 
frequency of battery changes, i.e. if a high download schedule is required and frequent 
battery replacement is going to prove difficult or expensive, then an external power supply 
is desirable. 

 

5.3 Battery Life Table 

Approximate 

NRT Terrestrial 

Battery Life 

Approximate 
Download 
Schedule 

Approximate 
Scan Rate 

Approximate 
Log Interval 

Approximate 
Continuous 
Drain Equiv 

5 years 1 per day 5 secs 15 minutes 0.12 mA 

4 years 4 times per 
day 

5 secs 15 minutes 0.21 mA 

1 year 1 per hour 5 secs 15 minutes 0.53 mA 

52 days 1 per 5 
minutes 

5 secs 1 minute 5.2 mA 

10 days 1 per minute 5 secs 5 seconds 26 mA 

Table 1 
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6.0 NRT COMMISSIONING 

Once the NRT has been installed and all connections made, field commissioning can be 
conducted.  Ensure that a SIM card has been installed (see next section). 

Commissioning tests may be performed as follows. 

 

6.1 NRT Powered On 

Confirm that the status LED, visible through the transparent window on the front of the 
unit, is flashing.  With the NRT in an idle state the LED will flash faintly once every 
second. 

 

6.2 NRT Confirm Configuration 

Confirm proper configuration by connecting the NRT to a laptop computer running 
StarlogV4. 

 Launch the STARLOGV4 (laptop computer) application. 

 Press the ‘Select’ icon and select the scheme corresponding to the NRT  

 Click on the ‘Configure/Initialise’ button to open the “NRT/NMM Configuration Tool” 
dialog 

 Press the ‘Retrieve NRT Settings’ button at top right of the dialog 

 

 Confirm that the correct Server IP address has been configured 

 Confirm that the correct NRT ID (XRTID) has been configured 

 Check the firmware version and NRT Model type 

 If all checks are confirmed, the NRT may be Initialised 
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6.3 Globalstar Signal Strength and Registration 

Globalstar modems do not require a SIM card but must be properly configured before they 
can register onto the Globalstar satellite network and allow the NRT to communicate with 
the Neon server.   

Registration, Signal Strength and other satellite network information may be checked by 
using StarlogV4. 

Globalstar modems do not really have signal strength.  Instead they display a connection 
state in place of RSSI.  The connection state must be 3 or 4 before the modem can 
connect to a satellite. 

The procedure below shows some of the communications parameters that can be 
checked using StarlogV4. 

 Reconnect to the NRT if not already connected. 

 Launch STARLOGV4 (laptop computer) application. 

 Press the ‘Select’ icon and select the scheme corresponding to the NRT  

 Click on the ‘Configure/Initialise’ button to open the “NRT/NMM Configuration Tool” 
dialog 

 Press the ‘Retrieve NRT Settings’ button at top right of the dialog 
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 Press the ‘Signal Strength’ button 

 

 Press the vertical ‘Show / Hide Logger Communications’ bar located along the right 
edge of the configuration dialog.  It is marked with a ‘>’ symbol.   

After a short delay (10 seconds or so), the RSSI signal strength will be displayed.  
RSSI must be 3 or 4 for the NRT to be able to connect to the satellite network.   

You may need to leave the NRT satellite for 10 minutes for the satellite modem to 
acquire one of the satellites and update the parameters. 

The right dialog pane will display satellite network configuration information, 
including Gateway number, RSSI and Registration status. 

 

If the modem has been correctly registered onto the satellite network, 
REGISTRATION will be ‘YES’.  GATEWAY will change away from ‘-1’ to a satellite 
gateway number. 
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When it has been confirmed that the Globalstar modem has connected to the satellite 
network, exit the Signal Strength option by pressing the Cancel button.   You may then 
exit the “NRT/NMM Configuration Tool” dialog by pressing the OK button at bottom right of 
the dialog.   

 

6.4 NRT Initialisation 

 Reconnect to the NRT if not already connected. 

 Launch STARLOGV4 (laptop computer) application. 

 Press the ‘Select’ icon and select the scheme corresponding to the NRT  

 Click on the ‘Configure/Initialise’ button to open the “NRT/NMM Configuration Tool” 
dialog 

 Press the ‘Retrieve NRT Settings’ button at top right of the dialog 

 

 Press the ‘Initialise’ button 
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 The NRT will attempt to communicate with the Neon server and initialise itself.  

Once communications have been established, the NRT will download any required 
scheme and configuration files and complete the initialisation process.  The NRT should 
respond with a PASS message after 2 or 4 minutes.  Please be patient waiting for this 
message. 

Common Initialisation failure codes and their causes are illustrated in the table below 

 

Once all commissioning tests have been completed successfully, the NRT is field-
commissioned and ready for use. 
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7.0 BATTERY TESTING 

 

7.1 Battery Check 

The presence of a battery can be verified without opening the NRT. 

Look for the flashing LED through the window on the front of the NRT unit. 

If the NRT is in an idle state, the LED will flash faintly once every second. 

If the LED is not flashing, you will need to open the NRT and verify the presence of a 
battery: 

If a battery is installed and the LED is not flashing, the NRT will need to be initialised.   
(See section on NRT Initialisation). 

 

7.2 Battery Replacement 

Always wait at least 1 minute between removing a battery and either replacing the same 
battery or inserting a new battery.  This is to allow any residual charge within the NRT to 
dissipate. 

The NRT battery should only be replaced with a SAFT LSH20.  This is a spiral wound 
Lithium Thionyl Chloride [Li-SOCl2] battery with a terminal voltage of 3.6 volts. 

Failure to replace the battery with the correct type may cause communication failure. 

For further information on the battery and where to purchase replacements, please refer 
to www.saft.com 

WARNING: Care should be taken when handling lithium batteries as misuse may cause 
damage to the NRT or the battery cells may explode. 

Ensure that the battery terminals are NOT shorted and that there are no loose wires in the 
vicinity of the battery. 
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8.0 ATTACHING AN EXTERNAL POWER SUPPLY 

This section describes the procedure for attaching an external power supply to the NRT. 

Remove the cover of the weatherproof enclosure and remove the NRT if a weatherproof 
enclosure is provided. 

Rubber self-sealing glands are provided in the base of the weatherproof enclosure for 
external wiring connections.  To keep the enclosure weatherproof, all wires leading to the 
NRT must pass through these glands. 

Connect the wires from the external power supply to the field termination strip.  The 
connection points are +12V and GND. 

Ensure all wires are firmly attached to the field termination strip and return the NRT to the 
weatherproof enclosure. 

Replace the cover of the weatherproof enclosure. 
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9.0 NRT SATELLITE ANTENNA INFORMATION 

 

9.1 Mounting Antennas On-Site 

This section describes the Satellite Data Voice Module (SDVM, also called an Outdoor 
Unit or ODU) hardware, including specifications for antennas and antenna cable.  It also 
describes how to calculate antenna cable length and mount antennas. 

 

9.2 Modem Antenna Specifications 

The GSP-1720 modem is to be used with an aluminium Satellite Data Voice Module 
(SDVM), as shown in the figures below.  The modem SDVM has a passive transmit and 
an active receive section. The transmit (Tx) and receive (Rx) connectors are labelled on 
the antenna.  

Caution: You must be careful to connect the Tx connector on the SDVM to the Tx 
connector on the modem, and the Rx connector on the SDVM to the Rx connector on the 
modem. Crossing the Tx and Rx cables can damage the modem. 

 

 
GAT-17QP SDVM Passive Antenna Showing Connectors 
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9.3 Antenna Dimensions and Weight 

The SDVM antenna is 105.56 millimetres diameter by 56.24 millimetres tall (4.156 inches 
diameter by 2.214 inches tall). 

The weight for the antenna is less than 213 grams (7.5 ounces). 

 

9.4 Antenna Depiction 

This section includes the following technical drawings that depict the antenna: 

 

Note In the two figures above, dimensions are shown as: millimetres [inches].  Millimetres 
are the controlling dimensions on these drawings. 

Inch dimensions are for reference only. 
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9.5 Antenna Cable Specifications 

The SDVM antenna requires two (2) cables, one for transmit and one for receive: 

 The required connectors are: plug SMA (SDVM bulkhead) to plug SMA (Enclosure). 

 Transmit cable maximum 0.6 dB insertion loss @ 1618 MHz is required for the 
cable. 

 Receive cable maximum 3.0 dB insertion loss @ 2492 MHz is required for the cable. 

 2015E comes with two internal cables:  

- SMA Female ST BH (Enclosure) to SMA Female RA 160mm (Modem Rx) Red 

- SMA Female ST BH (Enclosure) to SMA Male RA 160mm (Modem Tx) Yellow 

 

     

                                                                      

 

 

  And two 300mm long external cables:  
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 Special length (1m, 2m, 3m) external cable can be ordered separately. 

 
 

9.6 Calculating Antenna Cable Length 

The maximum loss for an antenna cable of any length is 0.6 dB at 1.6 GHz for modem 
transmit and 3 dB at 2.5 GHz for modem receive. 

You must take these losses into account when calculating antenna lengths for a GSP-
1720 modem installation. For example, the GSP-1720 Modem Integrator’s Kit utilizes 
three feet of LMR 195 cable, which has a loss of 0.6 dB at 1.6 GHz. 

 

9.7 Mounting Antennas at the Field Site 

When mounting an antenna on-site, you must position it properly to obtain Globalstar 
satellite signals. You can mount the antenna on a flat surface or on a pole. In either case, 
you should seal the antenna connectors against dirt and moisture. 

Caution: The ODU antenna must be installed in a configuration that ensures a minimum 
line-of-sight separation distance of 21.5 centimetres (8.5 inches) is maintained at all times 
between the ODU antenna and any personnel. 

 

9.8 Finding a Good Antenna Location 

When installed in the field, the antenna of a GSP-1720 modem product must have a direct 
line of sight to the Globalstar satellites.  Keep in mind that Globalstar satellites follow 
different paths across the sky, and you cannot predict where they will be. 

Position the SDVM antenna outdoors where it has a clear view of the sky, unimpeded by 
tall obstacles such as buildings and trees. 

Signal fading associated with trees, buildings, and other obstacles that prevent a clear 
line-of-sight to the satellite can cause degraded operation in a mobile environment. 
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1.0 INTRODUCTION  

Evaporation pan with bird guard  

 Water level monitoring and control system  

This manual describes the installation and operation of Unidata's Model 6529 Automatic 
Evaporation System.  This is an advanced system that automatically operates an 
evaporation pan and records the evaporation and rainfall data.  The instrument is normally 
supplied as a complete package with a US Class A evaporation pan and all installation 
fittings.  It can be connected to any other type of pan.  

The system is designed to operate for long periods without maintenance.  The water level 
transducer and data logger operate for one year from internal batteries.  The water level 
control system is solar powered.  The water supply to refill the evaporation pan is provided 
by the user from a tank or a reticulated water supply pipe.  Rainfall removed from the pan 
can be recycled if required.  

A water temperature sensor and a range of weather sensors can be added to identify the 
relationship between pan evaporation and site conditions.  This is required for evaporation 
and evapo-transpiration studies and modelling.  An optional telemetry system can be 
connected to the datalogger.  Landline, cellular, satellite and radio communication links 
can be used to monitor data and operate the site. 

Evaporation 
pan with bird 

guard 

Water level 
monitoring and 
control system 

 

1.1 Major Components Of Model 6529-3 
Automatic Evaporation System  
Model 6529A Water level monitoring system for Starlogger. 

Model 6529A/C Water level monitoring system with integrated Micrologger to record 
data. 

Model 6529E Automatic water level controller. 
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Evaporation Pan And Bird Guard 
Model 6529C Evaporation pan 1200mm diameter, fibreglass. 

Model 6529D Bird and leaf guard for Model 6526C. 

 

Weather Monitoring Instruments  
Additional instruments that can be added to the Model 6529A/C are: 

Model 6529B Thermistor and float assembly to measure pan water temperature.  

Model 6506A Tipping bucket rain gauge. 

 

If the Model 6259A and Starlogger are used, any additional Unidata instruments can be 
added such as: 

Model 6504FS Wind speed and direction. 

Model 6501DU Air temperature, relative humidity, and solar radiation. 

Model 7201A Net Radiation. 

Model 6513A Soil Moisture. 

Model 6522B Barometric Pressure. 

 

1.2 Superseded Models 
This system supersedes the previous Unidata Model 6529-1 instrument which is now 
referred to as the Model 6529-1X. 

 

1.3 Automating Existing Evaporation Pans 
The evaporation instrument system and optional weather instruments can be added to 
any evaporation pan installation.  Contact your nearest Unidata support office for advice 
on upgrades.  

 

1.4 Logging Evaporation 
A special instrument and scheme have been created within the Unidata software to 
monitor the recorded water level, extract the evaporation and rainfall data, and reset the 
pan water level.  These have been included with Starlog v3.09E (or later) and are supplied 
on disk with initial releases of the instrument.  Alternatively, you can obtain this update 
from the technical support section on the Unidata web site - www.unidata.com.au.  Refer 
to Software Requirements on page 25 for details on how to install the update.  

This scheme offers you the options to log the raw water level, total evaporation and total 
rainfall.  You can log either one daily total or measurements throughout each day.  The 
evaporation data accumulates all 0.2mm water level falls, and the rainfall data all 0.2mm 
rises.  The effects of any pan water level resets and minor water level pulsations are not 
recorded. 

  

www.unidata.com.au
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1.5 Example of Logged Data 
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2.0 SPECIFICATIONS AND DETAILS EVAPORATION SYSTEM 

Pan Type: US Class A compatible. 

Range: 30mm to 250mm.  Pan empty to full. 

Resolution: 0.2mm of evaporation or rainfall. 

Accuracy: +/- 0.4mm 

Level Reset: Programmable. Default reset to 200mm (+/- 1mm) at a preset time 
each day.  Also resets 10mm below the overflow level. 

Reset rate: Pumps 50mm out in 3 minutes.  Fills 3mm per minute with 10kpa 
(1m) head.  Rate of refill increases as head increases. 

 

 

2.1 Manual Recording System 
2.1.1 Model 6529C Evaporation Pan 

Dimensions:  Internal diameter 1208mm, outside diameter 1290mm. 
Depth 250mm. 

Operating depth: 200mm. 

Volume: 229 litres (at operating depth). 

Material: Fibreglass. Internal surface gloss white. Pre-drilled with two 20mm 
diameter holes for hose fittings. 

Intake:  Bulkhead fitting for 12.5mm ID hose.  Connects level gauge to 
stillwell. 

Refill:  Bulkhead fitting for 12.5mm ID hose.  Connects level control system 
to pan. 

Pan weight: 12kg. 

Mounting: Timber frame 1300 x 1300.  Treated plantation softwood. 

Mounting weight: 20kg. 
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Model 6529D 
Bird Guard 

Model 6529E 
Drain Pump 

Model 6529M 
Level Gauge 

Mounting 
Pallet 

Model 6529C 
Evaporation 

Pan 

Inlet hose to 
stillwell 

 

 

2.1.2 Model 6529D Evaporation Pan Bird Guard 
Dimensions: Outside diameter 1200mm. Height 250mm. 

Material: Frame - 8mm steel rod. Mesh - 12mm square steel mesh. 

Finish: Hot dip galvanised. 

Weight: 12kg. 

 

2.1.3 Model 6529M Point (Level) Gauge 
Material: PVC or Stainless Steel cylinder with point gauge at 200mm. 

Connectors: Hose and fittings to connect to intake from stillwell. 

 

2.1.4 Volumetric Flask 
Material: Clear PVC graduated container. 

Capacity: 2000ml 
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2.2 Automatic Evaporation Recording 
2.2.1 Model 6706A Aluminium Enclosure 

Dimensions: 320mm x 300mm x 750mm (Width x Depth x Height). 

Vertically sliding front door. With hole for (purchaser supplied) 
padlock. 

Material: 2mm aluminium sheet. Powder coat finish. 

Mounting: 1300mm long galvanised steel pipe, 40mm diameter with cap. Two 
U-bolt assemblies to suit pipe. 

 

 

Model 6904B 
Solar panel 

on top of 
cabinet 

Model 6904A 
Aluminium 

enclosure for 
evaporation 
system. "U" 
bolt to post 

Model 6541-
31 Precision 
water level 
instrument 

with display.  
Rotate 90º to 

view and 
check float 

pulley. 

Model 6541-
31/C 

Integrated 
Micrologger 
(optional).  

Connect to a 
computer with 
a 9 pin cable 

Model 6907B 
12V battery 

Model 6529-1 
Level Control 

Module 

Model 6529A-
2 PVC stillwell 

assembly Model 6529A-
3 Float 

system inside 
PVC 115mm 

float, line, 
counterweight 

and offset 
pulley guide 

Model 6529-1 
Refill solenoid 

with filter 
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2.2.2 Model 6529G Stillwell Assembly 
Dimensions: 370mm high, 150mm diameter, with sealed bottom. 

Material: PVC pipe. 

Stillwell Cap: PVC Cap predrilled for float system and 6541. 
Cap rotates to allow rear of 6541 to be visible. 

Connector: Bottom fitting for 12.6mm hose to evaporation pan. 

Hose: 12.6mm heavy-duty flexible hose, 1.8 metres long. 
Two stainless steel hose clamps supplied. 

Hose guide: PVC pipe, 40m diameter, and 1300mm long. 

 

2.2.3 Model 6541 Water Level Instrument 
See the User Guide for the Model 6541 instrument for specifications.  

Float system: Float pulley 100mm circumference. Offset pulley fitted. 

Float 115mm PVC. Counterweight -160 grams. 

Floatline 0.4mm diameter stainless steel. 690 mm long. 

 

 

2.3 6529E Automatic Evaporation Recording And Level Control  
2.3.1 6912BR/12 Level Controller 

Circuit card with relays to operate fill solenoid and drain pump, and a solar charge 
regulator for battery. 

Enclosure UV stabilised polycarbonate, IP67. 

Size 125mm x 75mm x 75mm (L x W x D). 

Terminals Pluggable terminal strip with terminals for fill solenoid, drain pump, 
solar panel, battery and test. 

Cables 1m cable to data logger terminal block of 6541-31/C. 

0.3m battery leads. 

 

Fill Solenoid 
Type: Solenoid valve with 10mm bore and nitrite seals. Cable length 0.5m. 

Power: 12 volts @ 1.2 amps. 
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High Pressure Application 
High Pressure 
Solenoid: 

Goyen 10BWJ-CNBNT-61D7. 

Maximum 
pressure 

1000kPa 

Minimum 
recommended 
pressure 

10kpa. 

Spare parts kit: GOYEN KM1664 

 

Low Pressure Application 
Low pressure 
solenoid: 

GOYEN 10BL2-CNBNT-61D7 direct acting solenoid. 

Maximum 
pressure: 

70kPa. 

Minimum 
pressure: 

0kPa. 

Recommended 
Minimum: 

10kPa. 

Spare parts kits GOYEN KM1423. 

Pump Optional pump (same as drain pump) if gravity feed not possible. 

 

Inlet Hose 2.5mm heavy-duty flexible hose, 2 metres long to connect to tank. 

Two stainless steel hose clamps supplied. 

Inlet filter installed upstream of solenoid. 

 

2.3.2 Drain Pump 
Type: Marine bilge pump. Located in pan. Cable length 2 metres. 

Power: 12 volts @ 1.2 amps. 

Capacity: Maximum 20 litres/minute. 

Housing: PVC enclosure attached to inside of pan. 

Drain Hose: 12.5mm hose can be connected. Not normally supplied. 
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2.3.3 Power Supply 
Power supply: Maximum 0.3 ampere hour/day with daily level reset. 

Battery: Model 6907B 12 volt, 7 ampere-hour sealed lead acid battery. 

Charger: Model 6904B 12 volt, 2 watt solar panel on enclosure roof. 

Regulated by circuit in level control system. 
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3.0 EVAPORATION MONITORING TECHNIQUES 

Evapo-transpiration is the endless cycle of moisture returning to the atmosphere to 
condense and fall again as rainfall.  Evaporation occurs from soil and water surfaces, and 
transpiration from vegetation. T he energy that drives the process comes from solar and 
terrestrial radiation.  The rate is influenced by a complex interaction of many factors 
including the topography, geology and botany of the area, the moisture content of the soil, 
the moisture availability to vegetation and the local weather.  As many of these factors 
vary throughout each day, and with the seasons, the rates are continually changing at any 
given site.  Evapo-transpiration is too complex to measure directly. 

An evaporation pan is a practical way to measure the loss of water from a small water 
surface. This is not a real measurement of any part of the natural evapo-transpiration 
process. Evaporation rates from lakes, soil surfaces and vegetation will be different from a 
pan.  

Historically, many different shapes of evaporation pan and methods of installation have 
been used.  Different designs produce unique results.  If data from one pan is to be 
compared with another, both pans must be the same.  To allow the standardisation of 
data and research across different sites and countries, the World Meteorological 
Organisation (WMO) recommends the use of the United States Class A pan as a general-
purpose network instrument.  This type of pan is widely used in many countries.  

The Unidata evaporation pan conforms to the dimensions of the US Class A pan. 
Networks of US Class A evaporation pans are operated by many organisations in many 
countries.  The records can extend back for 50 years or more.  This data is typically a 
daily reading of the total evaporation.  This is measured manually by an observer visiting 
the site at the same time each day and reading the total loss (or gain) in the pan water 
level, and adjusting for the rainfall.  The pan water level is then reset to the operating 
level. 

The Unidata evaporation system with level control is designed to simulate this daily 
operation.  This will produce data comparable with a manual pan. 
 

3.1 Using Evaporation Pan Data 
The daily total evaporation can vary from 0 on a cool and misty day, to more than 25mm 
on a hot, dry and windy day.  Care must be taken in extrapolating the pan evaporation 
data to other sites or to estimating losses from natural water bodies.  For instance studies 
indicate that lake evaporation varies between 75% and 100% of pan evaporation, 
depending on location and climatic conditions.  

If there is a manual evaporation site in your region with a long history of evaporation data, 
it is often possible to develop a relationship between the monthly and annual evaporation 
at the two sites.  With a reliable correlation based on several years of data, you can 
theoretically extend the period of data from your site back in time, using the historic data.  

The pan data from your site can be used to estimate some aspects of nearby evapo-
transpiration only if the relationships are known or can be estimated.  These relationships 
can only be measured by controlled experiments.  Much research has been completed 
using US Class A pan data to estimate lake evaporation, soil evaporation and local evapo-
transpiration.  Several different formulae and models have been developed to compute 
the potential evaporation, based on solar radiation and weather data. 
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Experienced hydrologists can frequently determine reasonable relationships between pan 
evaporation and lake and soil evaporation from nearby areas of interest.  Pan evaporation 
is then the simplest way to carry out the basic long-term monitoring.  Some additional soil 
moisture and weather data may be required for evapo-transpiration monitoring.  

 

3.2 Some Sources Of Errors In Evaporation Pans 
3.2.1 Systemic Errors 

Bird guards are required at many sites, to stop animals drinking the water and to keep out 
windblown debris.  These guards reduce the recorded evaporation by about 10%-12% 
because the mesh and frame partially shades the water surface, reduces the airflow, and 
intercepts some rainfall.  

Unidata recommends that measured evaporation data should be increased by 10% 
if a bird guard is used.  
 

Water quality has a minor effect.  Seawater evaporates 2% to 3% less than fresh water. 
Turbidity has no apparent effect.  

Unidata recommends no adjustments are normally required. 
 

Pan corrosion changes the interior surface colour and texture.  The difference between a 
black painted and unpainted galvanised iron pan is approximately 10%. 

Unidata pans are constructed of white fibreglass to minimise discolouring or 
deterioration with poor water quality.  
 

3.2.2 Operating Errors 
Evaporation pans are normally manually operated and require daily reading and resetting.  
This is difficult or impossible at remote sites and data quality is compromised.  

Water level too high will result in rainfall splashing or blowing from the tank when it is 
near full, and overflowing when it is full. 

Water level below the reference mark increases the shading from the sides of the tank 
and reduces evaporation by up to 2.5%/10mm below the reference level, in temperate 
regions. 

Water level very low records increased evaporation as the temperature of water in the 
pan increases. 

 

Unidata recommends these errors be avoided by automatically controlling the 
water level.  
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4.0 SITE REQUIREMENTS AND LAYOUT 

4.1 Site Requirements For All US Class A Evaporation Pans 
Site requirements are frequently a compromise. The following features are desirable when 
selecting a site. They are listed in order of importance.  

• If the site is near a water body or a spray irrigation or reticulation system, it should 
be at least fifty metres away and on the prevailing upwind side.  

• The site should be secure from unauthorised interference and easy to access and 
service.  

• Select a level, open site, free from obstructions such as trees, bushes and buildings 
that will shade or shelter the site from wind.  The evaporation pan should be in the 
full sun.  

• Any obstruction should be at a distance from the pan of at least 4 times the height 
above the pan rim.  

• Select an area six metres square.  If necessary fence the area using an open 
fencing system with minimum wind resistance.  

• Maintain the ground cover within the fenced compound in a similar condition to the 
natural surroundings.  Keep vegetation trimmed to below the pan rim height. 
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4.1.1 Water Supply 
The evaporation pan is refilled each day by the level control system.  The automated refill 
is controlled by a solenoid switched on by the datalogger in response to the level 
registered on the water level transducer. 

The instrument must be permanently connected to a reliable supply of potable water. 
Some typical examples are shown in the following sections.  Solenoids and pumps can be 
supplied to suit all applications. 

 

4.1.2 High Pressure Supply 
The simplest method is to connect to a reticulated water supply of potable water.  A 
pipeline is required to the site, terminating in a tap or shut-off valve.  A short length of 
m12.5 hose can be used to connect to the solenoid filter. 

A high pressure solenoid with a range of 10-100kPa is available as an option.  

 
The maximum desirable pressure is 200kPa. In some circumstances a pressure reducing 
valve may be required to prevent high pressure leaks. 
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4.1.3 Low Pressure Supply 
The water supply can be from a mains system or a special storage tank.  The supply 
pressure should be between 10kpa (1 metre head) and about 50kpa (5 metre head).  The 
supply is normally a tank that is refilled at regular intervals.  A 1000 litre tank will replace 
about 750mm of evaporation.  The tank capacity that you need depends on the expected 
evaporation at your site, and when you can conveniently refill the tank. 
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4.1.4 Underground Supply 
Where the water supply is scarce or inconvenient, it is possible to install a tank large 
enough to be self-sustaining at most sites.  Any excess rainfall captured in the pan can be 
recycled back into the storage tank.  A roof over the tank can be used to capture 
additional rainfall.  If required, the tank can be buried and a small pump used to refill the 
pan.  

 
 

The expected annual evaporation and rainfall, and the monthly distribution can be 
estimated from published data from your national weather office.  This can be used to 
design the capacity of your supply tank. 
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5.0 INSTALLING THE EQUIPMENT  

5.1 Installing The Model 6529C Evaporation Pan 
The evaporation pan should be located in the centre of the compound.  The pan is 
installed on an open timber palette constructed from timber treated with suitable 
preservatives.  The pallet should be firmly bedded into the natural surface with the top 
50mm to 75mm above ground level.  Do not install the pan on a concrete, bituminous or 
gravel pad.  It is essential that air circulates freely beneath the pan, and that any leaks can 
be seen.  

 
1. Rest the pan centrally on the pallet. 

2. Rotate it to orient the hole in the pan toward the location of the stillwell assembly. 

3. Assemble the hose fittings through the hole at the bottom of the sidewall of the pan. 

4. Seal the joints with a smear of silicon. 

5. The assembled fitting has a hose barb on each side of the tank wall.  

6. Install the Model 6529-C1 level gauge. 

7. Attach the 550mm hose to the gauge and to the inside barb in the pan wall. 

8. No hose clamps are used because (very) small leaks will not affect operation. 

9. Position the level gauge in the middle of the evaporation pan. 

 

5.2 Installing The Model 6529A Enclosure 
The stillwell enclosure is located 1.5 metres from the pan, on the side away from the 
equator, where it will not shadow the pan.  Near the equator, install it on the western side 
of the pan.  

1. Concrete the 40mm galvanised pipe firmly into the ground. 

2. Attach the enclosure to the pole using the U-bolts supplied. 

3. Face the side with the hole for the stillwell hose toward the pan. 

4. Move the enclosure up/down the pole until the bottom is 20mm below the bottom of 
the evaporation pan. 
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5.3 Installing The Stillwell Assembly 
Do the following:  

1. Leave the 6541 instrument off the stillwell during initial installation. 

2. Thread the 1.5 metre hose through the hole in the side facing the pan. 

3. Connect the hose to the barb fitting in the base of the stillwell.  Fix it with a hose 
clamp.  

4. Put the stillwell assembly into the enclosure.  It stands on the enclosure floor at the 
back.  Clamp the stillwell to the bracket with the stainless steel hose clamp supplied. 

 
 

5.3.1 Connect The Stillwell To The Pan 
A flexible hose is used to link the stillwell to the evaporation pan.  It is normally buried to 
protect it from accidental damage.  This hose ensures that the water level in the pan and 
stillwell are the same at all times.  

Note: An air lock could form in the hose if there are any high points. This can restrict or 
block water transfer and prevent the system from operating correctly. 

 

To keep the hose straight, sleeve it with a piece of 40mm PVC pipe before it is buried.  
This also serves as a duct for the fill hose and the drain pump cable.  Lay the sleeved 
hose into a shallow trench between the stillwell and pan.  Cut the hose to length and 
connect it to the pan, using a hose clamp.  
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5.3.2 Fill The Pan And Set The Water Level Instrument 
Fill the pan with water to near the reference point in the pan level gauge.  Check the hose 
connections and the pan for leaks and fix any problems.  

Confirm that the water level in the stillwell is the same as in the evaporation pan, and that 
they move together.  An airlock in the hose system can prevent this happening.  To check, 
take some water from the pan and almost fill the stillwell.  Check that it drains back to the 
previous level. If it doesn’t, clear the air lock.  

To clear an airlock, remove the hose from the level gauge and blow through it until it 
bubbles into the stillwell.  Replace the hose and confirm the water transfer is OK. 

 

5.3.3 5.3.3 Prepare The Float System And Stillwell Assembly  
Do the following:  

1. Bolt the Model 6541-31/C instrument to the stillwell cap, with the two bolts provided.  
The instrument must be fitted with a 100mm-circumference float pulley and an offset 
pulley.  

2. Prepare the float system.  This is normally supplied as an assembly, ready for 
installation.  However, if you need to prepare it yourself, follow these steps:  

• Loop one end of the floatline through the eye of the float.  Use two crimps to fix 
the loop. 

• Place the float in the bottom of the stillwell.  Thread the floatline up through the 
centre hole in the stillwell cap.  Place the cap and instrument in position on the 
stillwell.  
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• Thread the floatline over the instrument pulley, then the offset pulley, and loop it 
through the eye of the counterweight.  Adjust the length such that the 
counterweight eye is just above the side hole in the stillwell cap.  Use two crimps 
to fix the loop. 

 

5.3.4 Install The Water Level Instrument 
The 6541 sits on top of the stillwell.  The display normally faces the front.  The instrument 
can be rotated ninety degrees if you need to see the floatline at the back. 

To install the 6541 instrument: 

1. Remove the rear sliding plate.  This is not required at these sites, and there is not 
room to lift it off inside the enclosure. Keep the rear plate for later use. 

2. Place the float onto the water surface in the stillwell. 

3. Rest the instrument on the side of the stillwell.  Thread the counterweight up through 
the centre hole in the cap, over the pulleys and down through the outer hole. 

4. Place the instrument into its final position on the stillwell. 

5. Rotate it to a side-on position.  With the floatline installed on both the float pulley 
and offset pulley, check that the float and counterweight can rise freely from the 
bottom to the top of the stillwell, without clashing, or touching the sides. 

6. Rotate the instrument back to its operating position. 

 

See the 6541 User Manual for detailed information on the operation of the 6541 
instrument. 

Remove the front cover from the 6541.  Confirm that the following transducer switch 
settings have been selected.  These are required for the correct operation of this 
instrument.  

 

Switch 
Position 

Switch 
Number 

Function 

1 Off Direction of rotation to increase display as level rises. 

2 On Direction of rotation to increase display as level rises. 

3 Off Reserved. 

4 Off Reserved. 

5 On Switches display to a resolution of 0.2mm. 

6 Off Switches display to a resolution of 0.2mm. 

7 Off Switch on only to reset to zero. 

8 On Internal battery On. 
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5.3.5 Set And Test The System 
Adjust the level of the water in the evaporation pan to the exact level of the point gauge. 
Turn on the 6541 and set the display to read 200.0 mm using the arrow keys.  

To test the system, use the measuring flask to add or remove water from the evaporation 
pan. The display should change by 0.2mm for each 230 ml of water added or removed 
from the tank. The stillwell level will slowly adjust to the new pan level.  Confirm that the 
display moves in the same direction as the pan water level changes. 

 

5.4 The Level Control System  
5.4.1 Overview  

The purpose of the level control system is to reset the evaporation pan water level back to 
its reference level at a regular time each day.  You can set the reset time to suit your 
project.  This replicates the operation of a manual evaporation pan, and produces similar 
data.  After operating for 24 hours the water lost to evaporation is replaced from a tank or 
other water supply.  If the pan is overfull from rainfall the excess is pumped from the pan.  
This can be recycled back to the supply tank if site water is scarce.  

The pan water level recorded by the data logger is used to control the reset.  At the 
specified time the logger will decide if water is to be added or removed.  It then switches 
on the appropriate device until the reference level is reached.  If the pan is in danger of 
overflowing from heavy rainfall the pan will also be reset.  

A level control module consisting of a switch card in a polycarbonate enclosure controls 
the reset.  This switch card is operated by the site Micrologger or by an associated 
Starlogger or Prologger.  This card has relays with the capacity to operate either solenoids 
or small pumps.  Either device may be used depending on the site. Power is supplied by a 
solar powered battery system.  A regulator on the switch card manages battery charging.  
All devices connect to the row of pluggable terminals located at the front of the enclosure. 

 

5.4.2 Level Control Module 
This self contained instrument is normally located near the 
battery and solenoid or pump. There are no internal settings 
or adjustments.  A cable connects it to the site data logger 
terminals.  

The other components of the system plug into the marked 
terminals.  

A Test terminal socket is provided. This has continuous 12V 
power. Plug in your fill or drain device if you want to test run 
it.  

Contact your local Unidata support centre for advice if you 
wish to fit the controller to an existing instrument, or use it 
for another purpose. 
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5.4.3 Fill System 
A solenoid valve is normally used to turn on a water supply and add water to the 
evaporation pan.  This is typically turned on by the data logger at 0900 each day, if the 
water level is low and turned off when the level is correct.  The solenoid is located in the 
base of the instrument enclosure.  The outlet of the solenoid is connected to the 
evaporation pan by a 12.5mm (½”) hose.  This hose enters the pan above water level to 
avoid any chance of water siphoning back out of the pan.  

A filter is located upstream of the solenoid.  This has a removable element to simplify 
cleaning.  The filter connections suit a 12.5mm (½”) hose from the supply tank.  A small 
pump may be operated if an underground water supply is used. 

 

5.4.4 Drain System  
A small pump is used to remove surplus water (rainfall) from the pan.  If the data logger 
detects the water level is higher than the reference at the reset time (0900hrs), the pump 
is turned on until the level is correct.  The pump is also switched on to reset the pan level 
if rainfall increases the tank level to 240mm.  The pump has the advantage of moving the 
water quickly and being able to recycle it to a tank. 

The pump mounts in a housing designed to stand within the evaporation pan, and 
discharge water over the side through a 12.5mm (½”) hose fitting.  A hose can be 
connected to this fitting to direct the pumped water to storage or away from the site. 

The end of any drain hose should discharge into air at a higher level than the pan top to 
prevent water siphoning in or out of the tank.  

The submersible bilge pump is installed inside a small housing made from PVC. 
Terminals beneath the lid connect the pump with the cable to the control system.  The 
pump housing can be lifted from the well, separated in the middle and the pump lifted out 
for cleaning.  The bottom of the pump can be removed to clean and service the impeller. 

The pump must be inverted when installed for reliable self-priming; the inlet must be at 
about 190mm above the pan bottom.  This prevents a malfunctioning pump from draining 
the evaporation pan.  

 

5.4.5 Power Supply 
The system is powered by a 12-Volt, 7 Ampere-Hour sealed lead acid battery.  This is 
recharged by a 12-Volt 2-Watt solar panel located on the top of the enclosure.  A regulator 
on the relay card maintains the battery in a fully charged condition.  This will power the 
level control system for an expected service life of at least three years. 

The battery capacity is sufficient for up to two months of operation, without recharging.  
When the sun shines the solar charger can replace the typical daily power consumption 
within one hour.  
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5.4.6 Installing The Level Control System 
There is a row of 16 pluggable terminals on the level control module.  A strip of 8 
terminals permanently connects the data logger, GSM modem and solar panel.  Strips of 
two terminals are used to connect the battery and the drain and fill devices.  The Test 
socket is normally empty.  You can plug in the Drain or Fill device at any time to test it or 
to manually adjust the pan water level.  

Control 
Module 

Terminal  
Connected 

Device  To  Remarks  

1  
Fill System  

+ 
Switched on to add water to evaporation pan. 

2  - 

3  
Drain System  

+ 
Switched on to remove water from evaporation pan. 

4  - 

5  
Testing  

+ 
Normally vacant . Plug in the fill or draw system to test. 

6  - 

7  
Battery  

+ 
Connects to rechargeable sealed lead acid battery. 

8  - 

9  
Solar Panel  

+ Connects to solar panel.  

10  - 

11  GSM 
MODEM  

+ 
Provides power for GSM MODEM (if required). 

12  - 

   6541-31C Starlogger Prologger 

13  Data Logger 
Relay control 

signals  

OUT0  Terminal 3 FTS 42 44 

14  UPS 
(OUT1) Terminal 1 FTS 47 45 

 

5.4.7 Install The Battery And Solar Panel 
Stand the battery on the bracket holding the stillwell.  Use the cable supplied to connect 
the battery to terminals 7(+) and 8(-).  

Bring the solar panel wires through the gland in the cabinet roof.  Mount the solar panel 
onto the top bracket with the two screws in the panel frame.  Use tamper-proof screws if 
security is a concern.  Connect the solar panel to terminals 9(+) and 10(-).  

 

5.4.8 Install The Fill Solenoid 
Place the solenoid outlet through the front hole of the three at the bottom of the left-hand 
wall of the cabinet.  Attach the hose to the pan, and seal it with a hose clamp.  Connect 
the pan end of the hose to the fitting in the top hole of the pan, and fasten it with a hose 
clamp. 

Push the filter and short joiner hose through the hole in the opposite side of the cabinet. 
Join the hose to the solenoid inlet with a hose clamp.  Connect your water supply hose to 
the inlet of the filter.  Fit a tap or shut-off valve at the water supply point. 



 
Manual – Automatic Evaporation System, Model 6529 

 

 
Unidata Manual - 6529 Evaporation Monitoring System Issue 3.0.docx Page 24 
 

 

Connect the solenoid lead and plug it into terminal 1(+) and 2 (-) of the terminal strip.  You 
can test the solenoid operation by plugging in to the test position.  The solenoid should 
click open when you plug it in and click shut when you unplug it.  

 

5.4.9 Install The Drain Pump 
Stand the pump assembly in the pan near the inlet.  Direct the outlet fitting through the 
mesh of the bird guard.  You will have to cut out a small panel of mesh.  Attach the pump 
assembly to the mesh of the bird guard using the stainless steel hose clamp provided.  
Run the cable alongside the inlet hose and into the cabinet through the cable gland 
provided.  

Plug the pump cable into terminals 3(+) and 4(-) of the terminal strip.  To test the pump, 
transfer the plug to the test position.  The pump should run when you plug it in, and stop 
when you unplug it. 
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6.0 OPERATING THE SITE 

This instrument is operated in the same way as any other Unidata Instrument.  You use 
the same software to program and test the logger and unload and view data.  See the 
Starlog Software Manual for detailed information. 

 

6.1 Software Requirements 
You will need a laptop computer, a cable, and Starlog software.  You can obtain updates 
from www.unidata.com.au.  A special Evaporation Instrument and Scheme have been 
created to monitor the recorded water level, extract the evaporation and rainfall data, and 
reset the pan water level.  This software is supplied on disk with initial releases of the 
instrument.  Copy the files:  

• 6529E*.* to the Starlog\Schemes folder.  

• PDL6529E.SRC to the Starlog folder.  

• PDLTRANS.MET to the Starlog\Eng folder.  

 

6.1.1 Overview Of The 6529E Scheme 
This scheme offers you the options to log the raw water level, total evaporation and total 
rainfall.  You can log either one daily total or details throughout each day.  The 
evaporation data accumulates all 0.2mm water level falls, and the rainfall data all 0.2mm 
rises.  The data is logged in increments of 0.4mm.  The effects of any pan water level 
resets and minor water level pulsations are not recorded. 

The time of the day at which the water level will be reset has been set to 0100.  You may 
wish to change this to the Bureau of Meteorology standard of 0900.  The level at which 
the rainfall will be pumped out to prevent overflow has been set to 240mm but can be 
adjusted. 

 

6.2 Preparing To Log Data 
Select the 6529E scheme.  This can be edited to your logging requirements and saved 
with your project name.  It can then be loaded to your logger and used to log, unload and 
review data the same as any other Unidata project. 

  

www.unidata.com.au
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6.2.1 To Adjust The Scheme Details To Suit Your Project 
Select System from the toolbar and Scheme Editor from the drop-down menu.  Start your 
Starlog system and a list of schemes will be displayed.  Select the 6529E Scheme from 
the Menu. 

 
 

The following screen will open.  You may have to select Window option, then All Options 
and Tile the Display for the most convenient display.  Click on the appropriate box to open 
it for editing.  

 
  



 
Manual – Automatic Evaporation System, Model 6529 

 

 
Unidata Manual - 6529 Evaporation Monitoring System Issue 3.0.docx Page 27 
 

 

Select the General Panel to change the description to your site name.  

 
 

Select the Program Panel to edit the log interval and other details.  The following settings 
are recommended for a normal project.  You may prefer a 15 minute log interval to reduce 
the volume of logged data.  

 
 

Click on the Events panel to open the listing of events.  Double click on event 3 if you wish 
to change the reset time.  Event 2 sets the level at which rainfall will be drained.  Event 3 
sets the time at which the daily level reset will start. 
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The events detail box for event 3 will open.  This event sets the reset time when A=B.  A is 
the TOD (Time of Day) and B is the required time.  100 is 1 AM. 1300 is 1 PM.  You can 
change the time and hit OK.  

 
 

To select what to log, open the Log Buffer panel.  Use the spacebar to select the data you 
wish to log at each log interval (the spacebar toggles the X on and off).  

 
 

When you have finished editing the Scheme, select Scheme from the toolbar, then Save 
As.  

You should save it with a scheme name that identifies your site.  This scheme must be 
used each time you connect to this data logger. 

  



 
Manual – Automatic Evaporation System, Model 6529 

 

 
Unidata Manual - 6529 Evaporation Monitoring System Issue 3.0.docx Page 29 
 

 

6.3 To Start Logging Data  

 
 

Connect your computer to the data logger using the correct Unidata cable and then:  

1. Start the Starlog software.  

2. Select the scheme for the site.  

3. Select Program logger with scheme.  

4. Click OK to continue. 

The scheme will be loaded and logging will commence automatically.  

 

6.4 To Check Data While Logging Is In Progress  
Select Scheme Test Mode from the main menu for the scheme.  The screen that appears 
shows complete details of the current logging situation.  The display is updated each 
scan.  You can use this screen as often as you like and for as long as you like; logging 
continues normally while in Scheme Test Mode.  
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6.5 Data Recovery And Review  
Refer to the software manual for the Starlog Software for detailed descriptions on 
operating the software and displaying data.  

Select Display a Data File from the menu.  The following screen allows you to select from 
a range of Reports that you have created, and files you have unloaded.  

 
Select the display  

Select the unload file to view  

Plots will be displayed as requested, and axes may be expanded and compressed.  

 
An ASCII file, or Lotus file can be created and used with a spreadsheet to further analyse 
the data. 
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6.5.1 Interpreting Evaporation Data  
The following (annotated) graph is an example of typical data from a period, and how it 
can be interpreted.  Three sets of data are logged.  The pan water level trace is a full 
record of all level changes.  You can analyse this and extract the evaporation and rainfall 
data you require.  However this has already been done for you, and logged as the 
evaporation and rainfall data.  

 

 
 

The derived evaporation and rainfall data is the accumulated total since the logger was 
last reset. It may contain corrupting events if there has been any artificial water level 
changes. There are two shown in the above example. These can be removed by editing 
the data in a spreadsheet or with one of a range of commercial editing systems.  

 

Rainfall Level reset after rainfall 
Pan water level 

(evaporation reset at 0100 daily)

No reset required 

Derived
evaporation

Manual intervention to be
removed from the data

Derived rainfall
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7.0 SITE VISITS AND MAINTENANCE  

The purpose of installing the site is to obtain a continuous and reliable record of pan 
evaporation.  This data may be used for a range of process, management and 
environmental purposes, sometimes in unexpected ways.  It is important that the site be 
operated to a consistent standard by staff with a basic understanding of data collection 
and management.  

Although the equipment can operate for up to 1 year, the site may deteriorate to an 
unacceptable condition within a few months.  Regular site checks and equipment 
servicing is essential.  The site should be inspected and serviced at least monthly.  The 
purpose of the site inspection is to check that the present data is accurate and that this 
will continue.  Experienced site operators prepare for the site visit and use a report form 
and checklist to record details of the visit.  Instrument manuals, documents, site access 
details, special instructions and visit reports should be kept in a site file, and taken to the 
site each visit.  

Data should be regularly recovered from the site and securely archived in a system that 
will permanently preserve the raw data.  A copy of this data should be reviewed and 
edited to adjust any anomalies or errors, and saved as an archive for future analysis and 
use. 

 

7.1 Site Visits 
7.1.1 Preparing for the Site Inspection  

Do the following:  

• Check the report from the previous site visit.  Prepare to complete any special work 
that is required.  

• Check your computer.  Confirm you have an adequate power supply and the correct 
cable.  

• Check and adjust the computer time and date.  This will be used to reset the logger.  

• Carry any required spare parts and check instruments.  

• Take the visit file.  

 

7.1.2 Carrying Out The Site Inspection 
At the site your objectives are to:  

• Recover the recorded data and verify its quality, and  

• Ensure the site will keep operating correctly and the next period of data  will be of 
good quality.  

At times it will be better to do nothing, and to return another day. For example if it is 
raining heavily and the site has no protection, you will damage the instruments and your 
test equipment if they get wet. Rushing through a site visit, or trying to use a faulty 
computer, can also cause problems. 
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If you encounter a problem, think logically through the process and carry out checks and 
tests to eliminate probable causes. It is important to identify the real problem so it can be 
fixed.  Check the most obvious things first. e.g. is your computer connected and operating 
properly? Is the water supply functional?  Do not jump to conclusions but work 
methodically through all the variables.  

When you proceed, prepare a comfortable and safe work environment for yourself, lay out 
the tools and equipment you will need and work through your visit in a logical sequence, 
such as suggested in the following section.  Fill in a report as you go and complete one 
part of the procedure before proceeding to the next. 

 

7.1.3 7.1.3 Initial Inspection  
Before touching anything, inspect and note the condition of the site, installation and 
instruments.  

• Are there any signs of damage or interference?  

• Is the pan water level OK?  

• Is the water supply functional and sufficient to last to the next inspection?  

• Are the instruments clean, dry and secure?  

• Is the water level transducer displaying the correct water level?  

 

If you notice any problems try and work out what has happened and how to prevent it 
reoccurring. 

 

7.1.4 Reviewing The Data  
To review the data:  

1. Connect your computer to the data logger. Start the Starlog Version 3 Software.  

2. Select the Scheme for the site.  

3. Select Scheme Test Mode and review the display of present logging.  

4. Note the logger time and date and any difference with real time.  

5. Note the water depth in the pan, the transducer display and the logged value.  

6. Note the total evaporation and rainfall and the battery voltage.  

7. Check the memory remaining, and then estimate the expiry date.  

8. Scan the recent data listed. Look for any anomalies that may indicate faults. 
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7.1.5 Recovering The Data  
To recover the data:  

1. Select Unload Data from Logger.  Data is saved in the Starlog\Schemes folder as 
name.U##.  This is a binary file that can only be interpreted by the Scheme Reports.  
A Scheme may have many Reports to display and save the data in a variety of 
ways.  

2. Select "Display a Data File".  Select the data plot report.  Review the logged data for 
the full period.  Look for any unusual data the may indicate a problem with the site or 
instruments.  Zoom the plots for details.  

3. Check the general water level record to confirm the timing and level of the resets.  

4. Check the detailed shape of the latest daily water level record for unusual periods 
that may indicate water leaks to or from the pan, or the float system sticking or not 
functioning correctly.  

5. Check that the derived evaporation is sensible, with the expected diurnal variations.  

6. Check that the derived rainfall is sensible and supported by the evaporation data.  

7. Select the ASCII report.  The file will be saved in the Starlog\Schemes folder as 
name.A##.  This is a flat ASCII file sited for spreadsheets and data processing 
systems.  

8. Copy the ASCII file to a disk and leave it at the site, as a backup.  

 

7.1.6 Carry Out Tests And Maintenance  
Your data has now been recovered and secured. You can now carry out any checks, tests 
and maintenance required.  This data will be logged, however it will be erased when you 
reset the logger before you leave.  Note on your visit report details of work you have done 
and maintenance required at the next visit.  

See Section 7.3 Site Maintenance on page 36 for maintenance details.  

 

7.1.7 Resetting the Logger 
This is essential if the memory will not last until the next scheduled visit, or if you have 
disconnected the logger power for any reason.  The reset "erases" all previous data and 
restarts logging.  You will have to process the data you have unloaded.  

You can choose not to reset the logger.  Data logging will continue uninterrupted, and you 
have secured a back-up copy of the data.  When you unload data at your next site 
inspection you will retrieve all the previous data again, plus the latest data, all a one 
continuous file.  The previous back up can be discarded.  

To reset the logger, select Program Logger with Scheme to reset the logger.  The reset 
process is automatic and permanent.  
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7.1.8 Final Site Check 
Use Scheme Test Mode to confirm that logging is underway and that the time and values 
are correct.  Note the information on your visit report.  Disconnect the computer and pack 
away your equipment.  

Take a final look at the instruments and site.  Confirm that all is operational, clean and in 
good condition, with sufficient water, battery power and logger memory to last until the 
next scheduled visit.  Close up the instrument cabinet and secure the site.  Pick up any 
rubbish and tidy the area. 

 

7.2 Data Processing And Management  
This is an essential but sometimes overlooked part of the site operation.  Valuable 
recorded data may be lost or misplaced unless a data processing system is established, 
documented and used routinely after each site visit.  Some sites are operated for many 
years, and ownership and operators may change.  A complete and documented data 
history is typically kept on a "data processing" file for the site.  

The appropriate system will depend on the project.  It is possible to manage data from a 
small number of sites as spreadsheets provided the system is well organised and 
managed.  Larger networks require specialised systems and support.  

The only copy of the data is the ASCII file on your computer hard drive.  This is why the 
backup copy has been left at the field site.   he original ASCII file should be archived as 
read-only in a system that is regularly backed up.  This should be done immediately you 
return from the site visit.  

This original file may contain anomalies that have to be edited out, and periods of lost or 
faulty data.  Changes are made to a copy of the data (never the original) and comments 
about what was changed and why, should be appended.  Blank periods, or estimates if 
possible, should be inserted if data has been lost.  These changes should be done by, or 
in consultation with, the site operator.  

This edited data should then be appended to previous data to maintain a complete and 
continuous archive file of all data from the station.  Review this file to confirm that the 
latest data forms a sensible extension to previous data, and that daily and seasonal 
evaporation and rainfall are sensible.  

If apparent data problems are identified during data processing a note should be added to 
the station visit file, to remind the site operator to attend to the matter at the next site visit.  
The interaction between site operation, data processing, reporting and review allows for 
continuous improvement in the quality of the data produced. 
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7.3 Site Maintenance 
7.3.1 Overview 

All evaporation pans need regular maintenance.  It is recommended that sites with pans 
be serviced at least once a month.  Dust and debris will accumulate in the pan and algae 
can grow in some conditions.  Leaks can develop and water supplies may need regular 
maintenance.  The recorded data will be effected.  

At sites in dry areas a bird guard will prevent water loss from birds and animals drinking 
from the pan.  The guards also reduce the amount of wind borne leaves and debris that 
lodge in the pan. 

The water in the pan should be reasonably clear and clean.  If algae growth is excessive a 
commercial algaecide such as used for swimming pools, may be added to the pan and 
supply tank. 

 

7.3.2 Site Surrounds 
At fenced sites the vegetation and ground conditions inside the compound should be 
similar to those outside.  Keep any bushes and grass around the pan trimmed to a level 
below the pan rim.  Bushes further away should not be higher than 25% of the distance 
from the pan.  Any fence should be of an open design with minimum wind resistance. 

 

7.3.3 Evaporation Pan and Level Monitoring System 
The evaporation pan will require regular cleaning.  The colour of the interior surface, the 
water clarity and the amount of surface litter, all affect the recorded evaporation.  The 
frequency of cleaning will depend on site and seasonal conditions.  The objective is to 
keep the pan reasonable clean throughout the year.  

Floating material and debris may be scooped out with a small swimming pool net.  Clean 
any dust and debris from inside the pan.  The walls and bottom of the pan can be brushed 
and the water swirled into a "whirlpool".  Loose material will accumulate in the centre of 
the pan and can be vacuumed off with a siphon hose.  If there is plenty of water at the site 
it may be simpler to drain, clean and refill the pan.  

Inspect all hoses and fittings, and the stillwell assembly, for signs of leaks.  Repair any 
problems. 

 

7.3.4 Input Water Supply 
There is a water filter between the solenoid and the input water supply hose.  This is to 
intercept any fine debris that may prevent the solenoid from closing.  The filter should be 
checked regularly. It may be removed, washed and replaced.  How often this will be 
required will depend on the quality of the water supply. 

To clean or change the filter:  

1. Open the enclosure and grasp the body of the filter. 

2. Unscrew the filter cap located on the outside of the enclosure. 

3. Remove, clean and replace the filter element. 

4. Reassemble the system and check for leaks. 
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7.3.5 Solenoid/Pump 
Regularly check the operation of the solenoid and pump.  To check the condition and 
serviceability of the solenoid and/or pump: 

1. Connect each device to the TEST position of the control module.  It should turn on 
and operate continuously. 

2. Measure the water flow from each device by timing the flow into the volumetric flask. 

3. Compare the flow test results with previous checks.  A significant reduction in the 
flow rate will indicate the need for cleaning, or replacement. 

4. Check that the solenoid does not leak in the off position. 

 

Service kits for solenoids are available from Goyen Valves or Unidata. Spare pumps can 
be obtained from Unidata.  A spare solenoid and pump, or service kits, should be kept at 
the site ready for use. 
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TIPPING BUCKET RAINGAUGE MODEL TB3 
 

I. GENERAL 

The Hydrological Services Tipping Bucket Raingauge (TB3) is recognised as the standard for 
measuring rainfall and precipitation in remote and unattended locations. The TB3 raingauge 
operates on the tipping bucket principle, and can be supplied with two types of bucket 
assemblies; Painted Metal (Brass) or Chrome Plated ABS (Plastic). A receiver of 200mm 
diameter collects the rainfall, which then flows through the Stainless Steel Catch Filter into 
the Syphon Mechanism before being passed into the tipping bucket measuring system. One 
tip of the bucket will occur when the calibrated resolution of precipitation is collected (either 
0.2, 0.5, 1.0mm or 0.01 inch). When the bucket tips, it will pass the encapsulated Dual Reed 
Switch assembly that detects these events and produces a momentary contact closure signal 
for: 
 

 logging into our of precipitation Rainfall Data Logger, Model ML1-FL 
 

 telemetered rainfall systems such as the RainTrak, Model, Model RT-
3G 

 
 displayed on our Total Rainfall Display (TRD). 

 
II. UNPACKING YOUR TB3 RAINGAUGE 

 
 This package should contain: 
 TB3 Rain gauge 
 TB311/5  5 metre connecting lead 
 M4 Allen Key 

 
 
Please verify you have received these items and that the Tipping Bucket Raingauge 
resolution is as ordered.  
 
To prepare the Tipping Bucket Raingauge for installation: 
 

 lift the unit from the carton and place on secure surface 
 

 remove polythene bag 
 

 loosen the three enclosure securing screws and back them off until 
screw head is clear of the enclosure. 

 
 lift the enclosure from the gauge 

 
 carefully remove the elastic band that secures the bucket assembly 

during transit. 
 
Your Tipping Bucket Raingauge is now ready for installation. 
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III. SPECIFICATION 

 
Receiver:  200 mm + 0.3 diameter heavy duty cast aluminium, Powder coated. 
 
Resolution:  one tip at 0.2, 0.5, 1.0 mm or 0.01 inch of rainfall. 
 
Maximum Intensity: 700 mm / hr. 
 
Calibration accuracy:  

TB3 bucket capacity Range Accuracy 
 

0.1mm, 0.2mm, 0.01”, 
0.5mm & 1.0 mm 

 
0-250 mm/hr 

 
+ 2 % 

 
250-500 mm/hr + 3 % 

 
       Long term stable calibration. 
 
 
Humidity:  0 to 100 % 
 
Temperature:  - 20 to +70o C 
 
Contact system:  dual reed switches encapsulated with varister protection.   
 
 - Max Capacity: 24 Volts  (0.5 amp max.) 
 - Resistance:  Initial contact resistance 0.1 OHMS 
 - M.T.B.F:  108 to 109 Operations 
 
Syphon: 0.4 mm (12 ml) capacity of rainfall - made from Brass with a non 

hydroscopic outer body.  The syphon can be dismantled for routine cleaning 
and servicing. 

 
Bucket: Two types of bucket assemblies available; synthetic ceramic coated Brass 

bucket, balanced to +/- 0.05 gms, and injection moulded, chrome plated, non-
hydroscopic ABS plastic, UV stabilised, balanced to +/- 0.05gms. 

 
Base:   Diecast aluminium. 
 
Level:   bulls eye level adhered to aluminium base. 
 
Mounting holes: three 10 x 20 mm slotted holes with 234 to 254 PCD cast in feet attached to 

outside diameter of base. 
 
Drain fittings: to attach 12.5 mm inside diameter tubing, to catch rainfall after passing 

through buckets. 
 
Pivots:   ground Sapphire Pivots with tough 316g stainless steel shaft.  
 
Insect covers: stainless steel mesh on all openings to prevent insects and ants entering 

gauge. 
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Outer enclosure: keyed to enable the release of the outer enclosure without the need for the 
removal of the three securing screws. 

 
Height:   330 mm 
 
Weight:   3 kg 
 
Packed Dimensions: 24cm L x 24cm W x 42cm H x 5 kg   (0.03m3) 
 

IV. INSTALLATION 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

DIAGRAM 1 
 

 
i. Site Selection 

 
Rainfall measurements are intended to be representative of the actual rain falling on a given 
area.  Some of the more important factors which influence the representativeness of a gauge 
are as follows: 
 

 Site the gauge on level ground where possible.  Avoid sloping sites. 
 

 Site should have adequate protection from strong winds. 
 

 Site should be free of large obstructions such as buildings and trees. 
 

 Provide suitable ground surface to avoid splashing into the gauge. 
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ii. Setting up 
 

 Install the gauge on the foundation.  A suggested foundation is detailed 
in Diagram 1. 

 
 Loosen the three enclosure securing screws and the enclosure. 

 
 The gauge is provided with a level.  Proceed to level by adjusting the 

hold down anchors as required. 
 

 Connect lead to the raingauge terminals, in accordance with Diagram 
3, and to the recording device, in accordance with manufacturer’s 
instruction manual. 

 
 

V. TEST OPERATION 

 
 

 Manually tip the bucket a number of times, ensuring that each tip is 
being recorded and that the tilting mechanism is operating freely. 

 
 Replace and secure the enclosure. 
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VI. MAINTENANCE 

The only routine maintenance required is cleaning.  The following items should be checked 
regularly for cleanliness: 
 

 Catch filter 
 Syphon (refer diagram 2) 
 Interior of bucket 
 Ensure Rain Gauge is level using the bubble level fitted to the base  
 Enclosure locking screws - lightly lubricate after cleaning 
 All insect screens 

 
i. Dismantle Details 

 
(a) Unscrew nut 
(b) Lightly press stem down on surface until stem pops out of syphon body. 
(c) Remove stem from syphon body. 
(d) Unscrew cap 
(e) Clean all items 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Push Filter 

Pull 
Syphon 

To dismantle the Filter & Syphon  
Assembly. Push filter and pull 
syphon at the same time. Do not 
twist. 

Do not twist 
while pushing & 
pulling 
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DIAGRAM 2 
 

ii. Assembly Details 
 

(a) Screw cap on stem.  Finger tight only. 
(b) Push stem into syphon body. 
(c) Replace nut and tighten.  Do not over tighten. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

To re-assemble push the 
filter/syphon assembly 
back in place. Do not twist 

6- Syphon Body ____Part No. TB412-01 

1- Filter Cover ____Part No. TB410-01 

2- Filter Screen ____Part No. TB410-02 

3- Stem Cap ______Part No. TB309-03 

4- Stem __________Part No. TB309-02 

5- O Ring _________Part No. SC024-23 

7- Brass Nut _______Part No. SC008-38 
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VII. ELECTRICAL 

 
Dual reed switches are provided for several reasons: 
 

 Two isolated switches permit the control of two separate circuits; e.g. a 
local counter and a telemetry circuit. 

 
 Parallel connection of both switches increases the current carrying 

capacity of the contact system if required. 
 

 Parallel switch operation confers a degree of redundancy in locations 
where data from the raingauge is critical to flood warning etc. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

VIII. CALIBRATION 

 
All gauges have been calibrated by Hydrological Services Pty Limited prior to despatch. 
 
The following products and services are available from Hydrological Services Pty Ltd.: 
 

 Field Calibration Device, Model FCD, for routine field check calibrations, 
supplied with operating instruction sheet. 

 
 Laboratory Calibration Unit, Model TB340, for calibration after servicing in 

workshops, supplied with operating manual. 
 

 Recalibration Service at Hydrological Services’ factory. 
 
Please contact either Hydrological Services Pty Ltd or our local distributor for further 
information. 
 

Voltage free closure reed switch 

Switch ‘1’ Switch ‘2’ 

Mounting Holes 
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IX. TB3  PART LIST 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 
 
 
 
 
 

Raingauge  
Part No. 

Raingauge Description 

TB3/0.2/M Tipping Bucket Raingauge, bucket capacity 0.2mm, 
bucket type synthetic ceramic coated brass 

TB3/0.01/M Tipping Bucket Raingauge, bucket capacity 0.01inch, 
bucket type synthetic ceramic coated brass 

TB3/0.5/M Tipping Bucket Raingauge, bucket capacity 0.5mm, 
bucket type synthetic ceramic coated brass 

TB3/1.0/M Tipping Bucket Raingauge, bucket capacity 1.0mm, 
bucket type synthetic ceramic coated brass 

TB3/0.2/P Tipping Bucket Raingauge, bucket capacity 0.2mm,  
bucket type chrome plated injection moulded non 
hydroscopic plastic ABS UV Stabilised 

TB3/0.01/P Tipping Bucket Raingauge, bucket capacity 0.01inch,  
bucket type chrome plated injection moulded non 
hydroscopic plastic ABS UV Stabilised

TB3/0.5/P Tipping Bucket Raingauge, bucket capacity 0.5mm,  
bucket type chrome plated injection moulded non 
hydroscopic plastic ABS UV Stabilised 

Note: 
 
The TB3 Raingauge can be ordered either with a Synthetic Ceramic 
Coated Brass bucket or Chrome Plated, injection moulded, non-
hydroscopic, UV Stabilised ABS plastic bucket. 

Brass 
Metal 
Bucket 

Chrome Plated 
ABS Plastic 

UV Stabilised 
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TB3 Base Part List 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Item1. 
Part no.:  TB301-01 
Descript: Base 
Quantity: 1 

Item3. 
Part no.:  TB301-03 
Descript: Insect Screen 
Quantity: 2 

Item4. 
Part no.:  SC040-16 
Descript: Grommet 
Quantity: 1 

Item5. 
Part no.:  TB301-02 
Descript: Insect Screen 
Quantity: 2 

Item6. 
Part no.:  TB301-05 
Descript: Pivot Screw & Nut 
Quantity: 2 

Item7. 
Part no.:  TB312 
Descript: Adjusting Screw 
Quantity: 2 

Item8. 
Part no.:  (See next page) 
Descript: Bucket Assembly 
Quantity: 1 

Item9. 
Part no.:  TB303 
Descript: Reed Switch Assembly 
Quantity: 1 

Item11. 
Part no.:  SC008-24 
Descript: Locknut 
Quantity: 2 

Item12. 
Part no.:  SC023-09 
Descript: Bullseye Level  
Quantity: 1 

Item13. 
Part no.:  SC045-21 
Descript: Enclosure Screw 
Quantity: 3 

Item14. 
Part no.:  SC040-38 
Descript: Cap Plug 
Quantity: 2 

Item15. 
Part no.:  SC045-02 
Descript: Reed Switch Screw 
Quantity: 2 
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Item17a: 
 
Part no: TB304/0.2P 
Descript: Bucket (0.2mm, 0.01”) 
or  
Part no: TB305/0.5P 
Descript: Bucket (0.5mm) 
 
Quantity: 1 

Item18: 
Part no: TB304-03 
Descript: Bucket Axle 
Quantity: 1 
 

ABS UV 
Stabilised 

Plastic Bucket 
 

TB3 Bucket Part List 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

OR 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Item17: 
 
Part no: TB304 
Descript: Bucket (0.2mm, 0.01”) 
or  
Part no: TB305 
Descript: Bucket (0.5mm) 
or 
Part no: TB306 
Descript: Bucket (1.0mm) 
 
Quantity: 1 

Item18: 
Part no: TB304-03 
Descript: Bucket Axle 
Quantity: 1 
 

Metal Bucket 
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Syphon Part List 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note: 
This Syphon is used for TB3 0.2mm, 0.5 mm 
and 0.01” capacity rain gauges 

Item19: 
Part no.: TB309-03 
Descript: Stem Cap 
Quantity: 1 

Item20: 
Part no.: TB309-02 
Descript: Stem 
Quantity: 1 

Item21: 
Part no.: SC024-23 
Descript: O’ Ring 
Quantity: 1 

Item22: 
Part no.: TB412-01 
Descript: Syphon Body 
Quantity: 1 

Item23: 
Part no.: SC008-38 
Descript: Nut 
Quantity: 1 

Syphon Assembly 
Part no.: TB412 
Quantity: 1 
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Filter Part List 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Item24: 
Part no.: TB410-02 
Descript: Filter Screen 
Quantity: 1 

Item25: 
Part no.: TB410-01 
Descript: Filter Cover 
Quantity: 1 

Filter Assembly TB410 
Quantity: 1 

Note: 
This Syphon is used for TB3 1.0mm capacity 
rain gauge 

Item21a: 
Part no.: SC024-23 
Descript: O’ Ring 
Quantity: 1 

Item22a: 
Part no.: TB409-02 
Descript: Syphon Body 
Quantity: 1 
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Enclosure Part List 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Part no. Description Quantity 
TB337-01 Funnel 1 
TB337-02 Enclosure 1 
TB418-06 Vent 1 
SC022-72 Screw 3 

 
TB337 breakdown assembly 

 
 
 
 
 
 

Item26: 
Part no.: TB337 
Descript: Enclosure Assembly 
Quantity: 1 

Vent 

Funnel 

Screw 

Enclosure 
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Applicability: 
 
This manual applies to all HC2 probes with firmware version 3.0 or higher. Changes to the last digit of the 
version number reflect minor firmware changes that do not affect the manner in which the probe should be 
operated.  

1  Overview 
The HC2 series are digital humidity-temperature probes based on the AirChip 3000 technology. These probes 
feature a UART serial interface and two 0…1 V linear analog output signals.  
 
The HC2 probes are designed for use with the HygroClip 2 generation of ROTRONIC humidity-temperature 
instruments: hand-held and bench top indicators, data loggers, transmitters, hygrostats, etc. The HC2 probes 
maintain all of the benefits of the original HygroClip technology such as the possibility of hot-swapping probes 
and feature significant improvements in the area of measurement accuracy and functionality. 
 
The HC2 probes can also be used as a stand-alone device using either the analog output signals or the probe 
digital interface. Connectors, cables and digital interface adapters are available to this purpose. Digital 
integration with OEM applications is facilitated by the probe communication protocol options.  
 
The HC2 probes offer the following user functions: 
 

 User configurable settings 

 Calculation of the dew or frost point 

 Humidity temperature calibration and adjustment 

 Simulator mode 

 Automatic humidity sensor test and drift compensation 

 Sensor failure mode 

 Data recording 
 
The ability for the user to easily update the AirChip 3000 firmware means that the HC2 probes can be kept up-
to-date regarding any future functionality improvement.  
 
Available in different configurations, the HC2 probe series is designed to meet the requirements of a large 
number of applications and environments.  
 

1.1   Hardware and software compatibility 

 
The HC2 probes are compatible only with the AirChip 3000 generation of ROTRONIC humidity-temperature 
instruments and are not backward compatible with instruments based on the previous technology. 
 
Configuration of the HC2 probes and access to the probe functions requires a PC with the ROTRONIC HW4 
software version 2.1.0 or higher or connection to a compatible instrument from ROTRONIC. For firmware 
updates HW4 software version 3.3.0 or higher is needed.  
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2  Models 
In the following tables, we have indicated the type of instrument primarily used with each probe model. The 
following should also be noted: 
 

 The HC2 probes can be directly connected to a PC or to an Ethernet network using one of the available 
digital interface adapters (see separate document E-M-HC2-accessories). 

 

 The HC2 Probes can also be used as a stand alone device with two analog output signals. Different 
connectors are available to this purpose (see separate document E-M-HC2-accessories).  

 
Regardless of the probe model, the analog outputs signals are always scaled in the same way by the factory 
(0…1 V = 0…100 %RH and 0…1 V = -40…60 °C). The user is responsible for reconfiguring the probe analog 
outputs (requires the ROTRONIC HW4 software) and for providing power to the probe.  
 

Climate measurement  

For use with indicators, data loggers and transmitters,  with or without an extension cable 

HC2-S 

Humidity measuring range: 0…100 %RH 
Temperature limits -50…100 °C (-58…212 °F)  
Diameter: 15mm (0.6”), length: 85 mm (3.3”) 
Housing and filter cap: polycarbonate, black  
Standard dust filter: NSP-PCB-PE (Polyethylene) 
Accurate measurements require full immersion in the environment to be measured 
Weight: approx. 10 g (0.35 oz)   

HC2-S3 Same as HC2-S but with white housing and filter cap for outdoor use 
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Climate measurement  

For use with indicators, data loggers and transmitters, with or without an extension cable 

HC2-SM 

Humidity measuring range: 0…100 %RH 
Temperature limits -50…100 °C (-58…212 °F)  
Diameter: 15mm (0.6”), length: 107 mm (4.3”) 
Housing and filter cap: stainless steel 1.4301 
Standard dust filter: SP-M15 (wire mesh, DIN1.4401) 
Accurate measurements require full immersion in the environment to be measured 
Weight: approx. 47 g (1.66 oz)   
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Measurement in tight spaces  

For use with indicators, data loggers and transmitters 

HC2-C04 

Humidity measuring range: 0…100 %RH 
Temperature limits -40…85 °C (-40…185 °F) 
Diameter: 4 mm (0.16”), cable length (electronics – probe tip: about 0.59 m (1.9 ft) 
Probe electronics housing: polycarbonate, black  
Weight: approx. 150 g (5.3 oz)  

 

HC2-C05 
Same as HC2-C05 but with 5 mm diameter (0.2”) 
Can be equipped with Teflon dust filter SP-T05 
Weight: approx. 160 g (5.6 oz) 

 
 
 
 

 
Note: accuracy of the HC2-C04 and HC2-C05 probe models is affected by the temperature of the cable 

separating the sensors from the electronics (see §10.3).  
 

Spot check measurements in air ducts, chambers and ovens  

Handheld probe for use with indicators and data loggers 

HC2-HK25 

Humidity measuring range: 0…100 %RH 
Temperature limits at sensor -100…150 °C (-148…302 °F) 
Barrel: diameter: 15 mm (0.6”), length: 250 mm (9.8”) 
Probe cable length: 2 m (6.5 ft) 
Handgrip: POM, black -, barrel: PEEK, black  
Filter base (NSP-ME) with wire mesh filter cartridge (SP-M15) 
Weight: approx. 210 g (7.4 oz) 

HC2-HK40 

Humidity measuring range: 0…100 %RH 
Temperature limits at sensor -100…200 °C (-148…392 °F) 
Same as HC2-HK25 but with barrel 400 mm barrel length (15.7”) 
Weight: approx. 240 g (8.5 oz) 
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Measurement of dust-free granular products in bulk  

Handheld probe for use with indicators and data loggers 

HC2-P05 

Humidity measuring range: 0…100 %RH 
Temperature limits -40…85 °C (-40…185 °F) 
Barrel: diameter: 5 mm (0.2”), length: 200 mm (7.9”) 
Probe cable length: 2 m (6.5 ft) 
Handgrip: POM, black  -  barrel: stainless steel DIN 1.4305 
Weight: approx. 160 g (5.6 oz) 

 
 
 
 

 
 
 

Measurement of seeds, granulates and powders in bulk 

Handheld probe for use with indicators and data loggers 

HC2-HP28 

Humidity measuring range: 0…100 %RH 
Temperature limits at sensor -40…85 °C (-40…185 °F) 
Barrel: diameter: 10 mm (0.4”), length: 280 mm (11.0”) 
Probe cable length: 2 m (6.5 ft) 
Handgrip: POM, black  -  barrel: stainless steel DIN1.4301 
Dust filter: sintered steel filter cartridge (ET-Z10) 
Weight: approx. 200 g (7.1 oz) 

HC2-HP50 
Humidity measuring range: 0…100 %RH 
Same as HC2-HP28 but with barrel 500 mm barrel length (19.7”) 
Weight: approx. 250 g (8.8 oz) 
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Measurement of paper – cardboard stacks and rolls 

Handheld probe for use with indicators and data loggers 

HC2-HS28 

Humidity measuring range: 0…100 %RH 
Temperature limits at sensor -40…85 °C (-40…185 °F) 
Blade: thickness: 4 mm (0.16”), width: 22 mm (0.87”), length: 280 mm (11.0”) 
Probe cable length: 2 m (6.5 ft) 
Weight: approx. 240 g (8.5 oz) 
Handgrip: POM, black  -  blade: aluminum / elox 

HC2-HS42 
Same as HC2-HS28 but with 420 mm blade length (16.5”) 
Weight: approx. 300 g (10.6 oz) 

 
 
 
 

 

Measurement of product samples (liquids, pastes, powders, granules or chunks) 

Handheld probe for use with indicators and data loggers 

HC2-AW 

Humidity measuring range: 0…100 %RH 
Temperature limits at sensor -40…85 °C (-40…185 °F) 
Barrel: aluminum (top) , stainless steel (bottom) 
Probe cable length: 0.95 m (37.5”) 
Weight: approx. 541 g (1 lb 3.1 oz) 

 
 
 

 
Note:  

When using the HC2-AW probe, check that the red LED on top of the probe is lit. This indicates that the probe 
is being powered. If necessary, power the probe by pressing once on the red button located on top of the 
probe. When the red LED is not lit, the probe is not powered and the instrument is not receiving a signal from 
the probe.  

Power ON/OFF (push button) 

Power Indicator (red LED) 

Use together with WP14 or 
WP-40 sample cup holder 
 
Prior to use, verify the integrity 
and cleanliness of the sealing 
O-ring located under the probe 
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Process measurement (fixed installation)  

For use with transmitters and data loggers 

HC2-IC102 
HC2-IC105 

Humidity measuring range: 0…100 %RH 
Temperature limits at sensor -100…200 °C (-148…392 °F) 
Barrel: diameter: 15 mm (0.6”), length: 100 mm (3.9”). See note below 
Probe cable length.: 2 m (6.5 ft) or 5 m (16.4 ft) 
Barrel: PEEK  
Filter base (NSP-ME). Filter cartridge to be ordered separately  
Weight: with 2 m cable approx. 230 g (8.1 oz), + 80 g (2.8 oz) per additional meter  

HC2-IC302 
HC2-IC305 

Same as HC2-IC1xx but with 250 mm barrel length(9.8”) for through wall 
installation 
Weight: with 2 m cable approx. 260 g (9.2 oz), + 80 g (2.8 oz) per additional meter 

 

 
Note: HC2-IC1 (100 mm barrel length) – to avoid measurement errors due to temperature gradients fully 

immerse the probe barrel in the environment to be measured 
 

Process measurement (fixed installation)  

For use with transmitters and data loggers 

HC2-IC302-A 
HC2-IC305-A 

Humidity measuring range: 0…100 %RH 
Temperature limits at sensor -100…200 °C (-148…392 °F) 
Barrel: diameter: 25 / 15 mm (1.0 / 0.6”), length: 250 mm (9.8”) 
Probe cable length.: 2 m (6.5 ft) or 5 m (16.4 ft) 
Barrel: PEEK, black  
Filter base (NSP-ME). Filter cartridge to be ordered separately 
Designed for through wall installation 
Weight with 2 m cable: approx. 290 g (10.2 oz), + 80 g (2.8 oz) per additional 
meter 

HC2-IC402-A 
HC2-IC405-A 

Same as HC2-IC3xx-A but with 400 mm barrel length(15.7”) 
Weight with 2 m cable: approx. 320 g (11.3 oz), + 80 g (2.8 oz) per additional 
meter 

HC2-IC502-A 
HC2-IC505-A 

Same as HC2- IC3xx-A but with 550 mm barrel length(21.6”) 
Weight with 2 m cable: approx. 350 g (12.3 oz), + 80 g (2.8 oz) per additional 
meter 

HC2-IC702-A 
HC2-IC705-A 

Same as HC2- IC3xx-A but with 700 mm barrel length(27.5”) 
Weight with 2 m cable: approx. 380 g (13.4 oz), + 80 g (2.8 oz) per additional 
meter 
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Process measurement (fixed installation)  

For use with transmitters and data loggers 

HC2-IM102 
HC2-IM105 

Humidity measuring range: 0…100 %RH 
Temperature limits at sensor -100…200 °C (-148…392 °F) 
Barrel: diameter: 15 mm (0.6”), length: 120 mm (4.7”). See note below 
Probe cable length.: 2 m (6.5 ft) or 5 m (16.4 ft) 
Barrel: stainless steel 
Filter base (SP-MSB15). Filter cartridge to be ordered separately 
Weight with 2 m cable: approx. 260 g (9.2 oz), + 80 g (2.8 oz) per additional meter  

HC2-IM302 
HC2-IM305 

Same as HC2-IM1xx but with 280 mm barrel length(11.0”) for through wall installation 
Weight with 2 m cable: approx. 400 g (14.1 oz), + 80 g (2.8 oz) per additional meter 

HC2-IM402 
HC2-IM405 

Same as HC2-IM1xx but with 430 mm barrel length(16.9”) for through wall installation 
Weight with 2 m cable: approx. 540 g (19.0 oz), + 80 g (2.8 oz) per additional meter 

HC2-IM502 
HC2-IM505 

Same as HC2-IM1xx but with 580 mm barrel length(22.8”) for through wall installation 
Weight with 2 m cable: approx. 680 g (24.0 oz), + 80 g (2.8 oz) per additional meter 

HC2-IM102-M 
HC2-IM105-M 

Humidity measuring range: 0…100 %RH 
Temperature limits at sensor -100…200 °C (-148…392 °F) 
Barrel: diameter: 15 mm (0.6”), length: 120 mm (4.7”). See note below 
Probe cable length.: 2 m (6.5 ft) or 5 m (16.4 ft) 
Barrel: stainless steel 
Filter base (SP-MSB15). Filter cartridge to be ordered separately 
Weight with 2 m cable: approx. 310 g (10.9 oz), + 80 g (2.8 oz) per additional meter 

HC2-IM302-M 
HC2-IM305-M 

Same as HC2-IM1xx but with 280 mm barrel length(11.0”) for through wall installation 
Weight with 2 m cable: approx. 450 g (15.9 oz), + 80 g (2.8 oz) per additional meter 

HC2-IM402-M 
HC2-IM405-M 

Same as HC2-IM1xx but with 430 mm barrel length(16.9”) for through wall installation 
Weight with 2 m cable: approx. 590 g (20.8 oz), + 80 g (2.8 oz) per additional meter 

HC2-IM502-M 
HC2-IM505-M 

Same as HC2-IM1xx but with 580 mm barrel length(22.8”) for through wall installation 
Weight with 2 m cable: approx. 730 g (25.7 oz), + 80 g (2.8 oz) per additional meter 

 

 
Note 1: 

HC2-IMxxx-M probes are the same as HC2-IMxxx but are equipped with a stainless steel connector instead of 
PPS.  
 
Note 2:  

HC2-IM1 (120 mm barrel length) - to avoid measurement errors due to temperature gradients fully immerse 
the probe barrel in the environment to be measured.  
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Measurement in compressed air conduits and vessels (fixed installation)  

For use with transmitters and data loggers 

HC2-IE102 
HC2-IE105 

Humidity measuring range: 0…100 %RH 
Temperature limits at sensor -100…200 °C (-148…392 °F)  
G ½” thread for maximum 100 bar / 1450 PSI 
Probe cable length.: 2 m (6.5 ft) or 5 m (16.4 ft) 
Barrel: stainless steel 
Filter base (SP-MSB15). Filter cartridge to be ordered separately 
Weight with 2 m cable: approx. 290 g (10.2 oz), + 80 g (2.8 oz) per additional 
meter 

HC2-IE302 
HC2-IE305 

Humidity measuring range: 0…100 %RH 
Temperature limits at sensor -100…200 °C (-148…392 °F) 
NPT ½” thread for maximum 100 bar / 1450 PSI 
Probe cable length.: 2 m (6.5 ft) or 5 m (16.4 ft) 
Barrel: stainless steel 
Filter base (SP-MSB15). Filter cartridge to be ordered separately (see 
Accessories) 
Weight with 2 m cable: approx. 290 g (10.2 oz), + 80 g (2.8 oz) per additional 
meter 

HC2-IE102-M 
HC2-IE105-M 

Humidity measuring range: 0…100 %RH 
Temperature limits at sensor -100…200 °C (-148…392 °F)  
G ½” thread for maximum 100 bar / 1450 PSI 
Probe cable length.: 2 m (6.5 ft) or 5 m (16.4 ft) 
Barrel: stainless steel 
Filter base (SP-MSB15). Filter cartridge to be ordered separately 
Weight with 2 m cable: approx. 340 g (12.0 oz), + 80 g (2.8 oz) per additional 
meter 

HC2-IE302-M 
HC2-IE305-M 

Humidity measuring range: 0…100 %RH 
Temperature limits at sensor -100…200 °C (-148…392 °F) 
NPT ½” thread for maximum 100 bar / 1450 PSI 
Probe cable length.: 2 m (6.5 ft) or 5 m (16.4 ft) 
Barrel: stainless steel 
Filter base (SP-MSB15). Filter cartridge to be ordered separately (see 
Accessories) 
Weight with 2 m cable: approx. 340 g (12.0 oz), + 80 g (2.8 oz) per additional 
meter 

 

 
Note 1: 

HC2-IExxx-M probes are the same as HC2-IExxx but are equipped with a stainless steel connector instead of 
PPS.  
 
Note 2:  

To avoid measurement errors, temperature should be the same on both sides of the mounting wall 
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3  General description 

3.1   Power supply 

The accuracy specified for the HC2 probes is valid only when the probe is supplied with a voltage within the 
range of 3.3…5 VDC. The probes are tested and adjusted at the factory using a supply voltage of 3.3 VDC. 
 
When a voltage source of 3.3…5 VDC is not available, the probe should be used together with a voltage 
adapter (see separate document E-M-HC2-accessories) so as to provide 3.3…5 VDC to the probe. Use of a 

voltage adapter allows powering the probe from a voltage source of 5 to 24 VDC or 5 to 16 VAC.   
 
During start-up the typical current consumption of the probe is initially 8 mA during 2ms and 5 mA during the 
next 2s. Without a power supply limiter, the start-up current may reach a maximum of 50 mA. After start-up the 
current consumption is on average less than 3 mA. Randomly distributed current spikes of maximum 1 mA 
during 2μs are normal during operation and are caused by the probe micro-processor and associated 
components. 
 
The HC2 probes are polarity protected by a keyed connector. There is no electrical polarity protection. 

3.2   Measured parameters 

The HC2 probe measures relative humidity with a ROTRONIC Hygromer
®
 IN1 capacitive sensor and 

temperature with a Pt100 RTD. 

3.3   Calculated parameters 

Using the ROTRONIC HW4 software, the HC2 probe can be configured by the user to calculate either the 
dew point or the frost point. 

3.4   Analog output signals 

The HC2 probe features two 0…1 V linear analog output signals. The default factory settings are as follows: 
 
Output 1: 0…1 V (humidity)  = 0…100 %RH 
Output 2: 0…1 V (temperature) = -40…60˚C 
 
Using the ROTRONIC HW4 software any output signal can be made to correspond one of the following: 
 

 Relative humidity 

 Temperature 

 Dew or frost point 
 
The scale of each analog output can be set within the numerical limits of -999.99 and 9999.99. 
If so desired, any output can also be disabled (no signal).  
 
The D/A converters used to generate the analog output signals feature a 16-bit resolution. The 0…1 V analog 
output signals exhibit a small positive offset of 3 mV or less at 0 V. 
 
Minimum load requirements apply to the external device or circuit connected to the probe voltage outputs. 
These requirements are defined in the “Operation” chapter 
  
 
Note: users who require an analog signal other than 0…1 V should either contact ROTRONIC or connect the 

probe to one of the available transmitters. 
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3.5   Digital interface 

The HC2 probe features a UART interface (Universal Asynchronous Receiver Transmitter) that allows two-
way communication with the probe. For connecting the HC2 probe to a PC, use any of the following digital 
adapter cables AC3001, AC3002 or AC3005 (see document E-M-HC2-accessories). The probe can also be 

indirectly connected to a PC using an instrument from the ROTRONIC program.  
 
The ROTRONIC HW4 software (version 2.1.0 or higher) allows full access to the following:  
 

 Measurement data (humidity and temperature) and calculated parameter (dew or frost point) 

 Probe information: name, RS-485 address, humidity sensor status, etc. 

 Probe alarm functions 

 Probe data logging function 

 Probe calibration and probe adjustment functions 

 Probe configuration 
 
The ROTRONIC HW4 software (version 3.3.0 or higher) allows full access to the following:  
 

 Firmware update of HygroClip probes 
 

Communication protocol options 
 
The probe measurement data can be read without having to use the ROTRONIC HW4 software. Starting with 
firmware version 1.3, the HC2 probe offers the following communication protocol options (ASCII) which can be 
selected by connecting the probe to a PC running the ROTRONIC HW4 software (version 2.1.1 or higher): 
 
o RO-ASCII: this is the standard (default) communication protocol used by all AirChip 3000 devices and by 

the HW4 software. In principle, this protocol supports all of the AirChip 3000 functions but some of the 
functions require a certain amount of computations to be carried out by an external device such as a PC. 
 

o Custom: this communication protocol can be used to provide compatibility of the HC2 probe with an 

existing communication system. The Custom communication protocol is limited to reading measurement 
data from the HC2 probe. Functions such as device configuration, humidity and temperature adjustment, 
etc. are not supported. The Custom protocol is applicable to all AirChip 3000 devices with a digital 
interface and allows RS-485 networking 
 

o I2C: The I2C protocol available with the HC2 probe does not allow the networking of devices and is 

limited to a one way communication where the HC2 probe automatically sends data during each refresh 
interval to an external device with I2C input. 
 

When using either the RO-ASCII or the Custom protocol, the HC2 probe can be set to send data automatically 
after each refresh cycle without requiring a data request. When this mode is enabled, the receiving device 
must be listening at all times in order to get the measurement data. 
 
For details, see document E-M-AC3000-CP 
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3.6   Connector 

All standard probe models of the HC2 series use the same keyed connector (male). The connector is located 
either directly on the probe body or at the end of a cable. The probe connector is secured to the matching 
female connector with a threaded collar. 
 
Pin-out diagram 

 
 
 

 
 

3.7   Sensor protection (dust filter) 

Most probes of the HC2 series are supplied with a filter to protect the sensors against dust particles and high 
air velocity. Depending on the probe model the following types of filter materials are used: 
 

Material Maximum temperature Notes 

Polyethylene 100 °C (212 °F) Recommended filter material for all applications 
below 100 °C. Good response and good protection 
against fine dust particles. No water absorption or 
retention 

Teflon 200 °C (392 °F) Good protection against fine dust particles and salt 
(marine environments). Moderately slow response 

Stainless steel wire 
mesh 

200 °C (392 °F) Provides fastest response time. Not recommended 
in environments with fine dust particles (clogging) 
and in bioactive environments 

Stainless steel sintered 
filter 

200 °C (392 °F) Good response at low humidity levels. Do not use at 
high humidity levels. Provides best protection 
against abrasive particles 

  
Note: Depending on the probe model, the dust filter is either automatically included with the probe or it must 

be ordered separately (see Models). 
 

Probe connector (7-pin male – looking at probe) 
 

Pin # Wire Color Name Function 

1 Green VDD (+) 3.3 to 5 VDC 

2 Grey GND Power and digital signal 

3 Red RXD UART 

4 Blue TXD UART 

5 White Out 1 analog (+) Humidity 0…100%RH (default) 

6 Brown Out 2 analog (+) Temperature -40…60°C (default) 

7 Yellow AGND Analog signal ground 
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4  User configurable settings and functions 
 
The HC2 probe ships configured as per the factory defaults: 
 
o Users who intend to use the probe as a stand-alone analog device can use the probe as any conventional 

humidity and temperature probe. A connecting cable with active electronics may be required to power the 
probe. Most such users will never have to use the probe configurable settings and functions 

o Users who purchased a probe for use with another ROTRONIC instrument can also use the probe right 
away and do not necessarily have to use the probe configurable settings and functions 

o Users that intend to use the probe as a stand-alone digital device typically need to use a connecting cable 
with active electronics and generally need to configure either the probe or the PC 

 
Making use of the probe configurable settings and functions is entirely up to the user and the appropriate 
settings depend on the user application. We have provided below a short description of the probe functions 
and also indicated the factory default settings. 
 

4.1   Function overview 

 

MEASUREMENT ACCURACY AND RELIABILITY 

AirChip 3000 Functions Description 

► Humidity / temperature adjustment o 1-point or multi-point humidity calibration or adjustment 
o 1-point or 2-point temperature calibration or adjustment 
o Generate a time stamp for calibrations and adjustments 
o Retain and view last adjustment date and adjustment values 
o Generate calibration and adjustment protocols 

► Automatic humidity sensor test 
     and optional drift compensation 

Tests the humidity sensor for drift caused by contaminants and 
can be used to automatically apply a correction. The test is 
automatically carried out at regular intervals of time. Can be 
configured, enabled, or disabled 
 
The humidity sensor status can be verified either with the HW4 
software and is shown as Good, SQ-tuned (corrected for drift) or 
Bad (defective) 

► Data recording The data recording function differs from a true data logging 
function in the sense that the AirChip 3000 does not time stamp 
the data. This data recording function can be used to investigate 
events such as a sensor malfunction as well as to retrieve data 
that would otherwise be lost 
 
o Start or stop data recording - up to 2000 value pairs (%RH 

and temperature). Starting a recording session erases all 
previously recorded data 

o The recording mode and log interval can be specified 
o When the probe is powered off, the recording session is 

paused but not ended  As long as the recording session has 
not been ended, the probe automatically resumes recording 
data when powered up again 

o The recorded data can be downloaded to a PC with the 
HW4 software, time stamped and viewed 
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MEASUREMENT LOOP VALIDATION 

AirChip 3000 Functions Description 

► Simulator mode Used to make the probe generate fixed values for the 
humidity, temperature and calculated parameter. Can be 
configured, enabled or disabled 

 

SAFEGUARDS 

AirChip 3000 Functions Description 

► Device write protection Used to protect the probe with a password to prevent 
unauthorized digital access by a digital user. Can be 
configured, enabled or disabled  

 

PROCESS PROTECTION / PROTECTION OF OTHER DEVICES 

AirChip 3000 Functions Description 

► Limit humidity output to 100 %RH Used to prevent the humidity signal from exceeding 
100 %RH when condensation forms on the sensor. Can be 
enabled or disabled 

► Out-of-limit value alarm Used to specify the normal range for humidity, temperature 
and the calculated parameter depending on the user 
application. Can be configured, enabled or disabled 
 
Out-of-limit values trigger a digital alarm 

► Bad sensor alarm Built-in function. Cannot be disabled  
 
A bad humidity or temperature sensor triggers a digital alarm 

► Fail safe mode Used to specify a "safe" fixed value for humidity and for 
temperature in the event of a sensor failure. Can be 
configured, enabled or disabled 

4.2   Factory default settings 

 
Note: Configuration of the probe by the user and access to its functions requires a PC with the ROTRONIC 

HW4 software (version 2.1.1 or higher) installed. For connecting the HC2 probe to a PC, use any of the 
following digital adapter cables AC3001, AC3002 or AC3005 (see document E-M-HC2-accessories). 

 

Configurable Settings Factory default 

Unit system (Metric or English) Metric 

Psychrometric calculation  None 

Output 1 parameter, scale and unit Humidity: 0…100%RH 

Output 2 parameter, scale and unit Temperature: -40…60 ˚C 

Communication protocol RO-ASCII 

RS-485 address 0 

Device name Probe type 
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Functions Factory default 

Humidity / temperature adjustment Enabling / Disabling only by HW4 user rights possible 

Device write protection Disabled 

Limit humidity output to 100 %RH Enabled 

Out-of-limit value digital alarm Disabled 

Data recording Disabled 

Automatic humidity sensor test Disabled 

Humidity sensor drift compensation Disabled 

Fail safe mode Disabled 

Simulator mode Disabled 

 
o For a detailed description of all AirChip 3000 / probe main functions see document E-T-AC3000-DF-V1 

 
o Instructions regarding the configuration of the probe and access to its functions are provided in the 

following manuals: 
 
E-M-HW4v3-Main 
E-M-HW4v3-F2-001 
E-M-HW4v3-DR-001 
E-M-HW4v3-A2-001 
E-M-AC3000-CP 

. 
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5  Mechanical installation 
 
Note: the following instructions apply only to the situation where the HC2 probe is fixed installed.  

5.1   General guidelines for fixed installation 

For best results, please observe the following guidelines: 
 
o Install the probe at a location where humidity, temperature and pressure conditions are representative of 

the environment or process to be measured. Avoid the following: (a) Close proximity of the probe to a 
heating element, a cooling coil, a cold or hot wall, direct exposure to sun rays, etc. (b) Close proximity of 
the probe to a steam injector, humidifier, direct exposure to precipitation, etc. (c) Unstable pressure 
conditions resulting from excessive air turbulence. 
 

o When installing the probe on a wall, do not place the probe right above a heat producing device of 
instrument such as a transmitter or an Ethernet adapter (warm air tends to rise). 
  

o If possible, choose a location that provides good air movement at the probe: air velocity of at least 1 
meter/second (200 ft/ minute) facilitates adaptation of the probe to changing temperature 
. 

o When installing the probe through a wall, immerse as much of the probe as possible in the environment to 
be measured. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Position the probe so as to prevent the accumulation of condensation water at the level of the sensor leads. 
Install the probe so that the probe tip is looking downward. If this is not possible, install the probe horizontally. 
 
Depending on the probe model, a probe holder (mounting flange with a compression fitting) can facilitate 
installation through a wall. 
 
Future maintenance can be made easier by providing next to the probe a calibration access orifice. During 
maintenance, this permits the insertion of a reference probe (calibrator).The calibration access orifice should 
have the same size as the orifice used to install the probe and can be equipped with a probe holder. 



E-M-HC2 Probes-V1_26 
Rotronic AG 
Bassersdorf, Switzerland 

Document code Unit 

HygroClip 2 (HC2) Humidity Temperature 
Probes:  User Guide 

Instruction Manual 

Document Type 

Page 19 of 30 
Document title 

 

© 2009-2013; Rotronic AG                                                                                                                   E-M-HC2 Probes-V1_26 

6  Electrical installation 
 
Note: the following instructions apply only to the situation where the HC2 probe is fixed installed. 

6.1   General guidelines for fixed installation  

 
Power supply wiring 
 
Heavy machinery and instrumentation should not share the same power supply wiring. If this cannot be 
avoided, noise filters and surge protectors should be used. Most UPS devices have those features already 
integrated.  

 
General guidelines for signal cables 
 
The following guidelines are derived from European Standard EN 50170 for the transmission of signals by 
copper wires. When planning an installation, the rules provided by EN 50170 should be followed under 
consideration of local circumstances to determine the position of machines and equipment.  
 
All ROTRONIC HygroClip products are tested for Electromagnetic Compatibility according to EMC Directive 
2004/106/EG and following European standards: 
  

- EN 61000-6-1: 2001, EN 61000-6-2: 2005 
- EN 61000-6-3: 2005, EN 61000-6-4: 2001 + A11 

 
Whenever the level of electromagnetic interference is expected to be high, both the instruments and signal 
cables should be placed as far away as possible from the source of interference. 
 
In general, signal cables should be installed in bundles or channels / conduits, separate from other cables as 
indicated in the table below: 
 

 Bus signals such as RS485 

 Data signals for PCs, printers etc. 

 shielded analog  inputs 

 unshielded direct current (<= 60V) 

 shielded process signals (<= 25 V) 

 unshielded alternate current (<= 25V) 

 coaxial cables for CRT monitors 

in common bundles or channels / conduits  

 direct current from  60 V to 400 V 
(unshielded) 

 alternate current from 25V to 400 V 
(unshielded)  

in separated bundles or channels /  
conduits, without minimum distance  
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 direct and alternate current  > 400 V  
(unshielded) 

 Telephone lines  

 lines leading into EX-rated areas 

in separated bundles or channels / 
conduits, without minimum distance 

 

Lightning protection 
 
Cabling in areas with a risk of lightning requires a lightning protection. For cabling underground in between 
buildings, we recommend the use of special fiber optic cables. If this is not possible, use copper cables that 
are suitable for underground installation. 

6.2   Analog signal wiring 

Preferably use a shielded cable to connect the analog outputs of the HC2 to other devices. The maximum 
cable length is determined by the maximum error that the user will accept. This can be calculated as follows: 
 
Error (V) = cable resistance x current through load 

6.3   Minimum analog output load 

The HC2 analog outputs are short circuit tolerant and have an internal resistance of less than 10 Ω 
For proper operation, the minimum external load of each output should be at least 1000 Ω. 

6.4   Digital signal wiring 

Use one of the available connecting cables (see Accessories) to connect the UART digital interface of the 
HC2 probe to other devices. Without a signal booster, the maximum cable length should not exceed 5 m 
(16 ft). 

6.5    Grounding 

In the case of a fixed installation, ground the HC2 probe, especially if the electronics will be subjected to a low 
humidity environment (35 %RH or less). The power supply and digital ground (GND) and the analog ground 
(AGND) should be tied separately to a proper ground so as to avoid spikes in the analog signals. 

7  Operation 

7.1   Operation with an indicator, data logger or transmitter 

The HC2 probes are compatible with a large number of indicators, data loggers and transmitters from 
ROTRONIC. Operating instructions are provided in each device manual. 

7.2   Stand-alone operation as an analog probe 

The HC2 probes can be used as a conventional analog probe. See Accessories, supply voltage adapters,  
connectors and cables. Use the HW4 software to configure the probe as desired, complete the mechanical 
and electrical installation and power up the probe. 
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7.2.1 Minimum load requirements for the probe voltage outputs 

 
The following requirements apply to any external device or circuit connected to the probe voltage outputs: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In the situation where the external device uses an internal pull-up resistor the value of this resistor should 
meet the requirements shown below. It is also necessary to add a pull-down resistor RL connected to ground 
in order to be able to read 100% of the range of the probe voltage output. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

HFC2 output signal Input resistance RL 

0…1V >=1kOhm 

HC2 signal VCC R pull-up RL 

0…1V 3.3V ≥ 250 kOhm 1 kOhm 

HC2 signal VCC R pull-up RL 

0…1V 5.0V ≥ 400 kOhm 1 kOhm 

HC2 signal VCC R pull-up RL 

0…1V 10.0V ≥ 1 MOhm 1 kOhm 

RL 

GND 

HC2 

Voltage Output 

R Pull-up 

RL 

GND 

VCC 

HC2 

Voltage Output 
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7.3   Stand-alone operation as a digital probe (PC or network) 

The HC2 probes can be connected to a PC or to an Ethernet network with one of the available digital interface 
adapters (see Accessories). Probe configuration and full access to all probe functions requires a PC with the 
ROTRONIC HW4 software installed. Starting with firmware version 1.3, the probes accept several 
communication protocols that allow users to read the measurement data without the HW4 software. When 
using the standard RO-ASCII protocol, access to some of the probe functions is also possible without HW4. 
For details, see document E-M-AC3000-CP. 

7.4   Connectivity examples for stand-alone probes 

 
Digital connection example: RS-485 network  

 

 
 
Notes: 
 
o The master device can be either a transmitter such as the HF5 (USB or TCP/IP interface) or an adapter 

such as the AC3010 cable (USB) 
o Power to the combination E2-01XX-MOD and HC2 probe can be provided by an individual AC adapter or 

by a central voltage source connected to the RS-485 network (requires cables with 2 twisted pairs: one for 
the data, the other for power) 

 
  

USB or TCP/IP port 

Master 
 

Addr. 1 

E2-01XX-MOD 

Adapter 

Slave 
 

 HC2 probe 
Addr. n 

 

240  240  RS-485 device connectors 
(T Connection) 



E-M-HC2 Probes-V1_26 
Rotronic AG 
Bassersdorf, Switzerland 

Document code Unit 

HygroClip 2 (HC2) Humidity Temperature 
Probes:  User Guide 

Instruction Manual 

Document Type 

Page 23 of 30 
Document title 

 

© 2009-2013; Rotronic AG                                                                                                                   E-M-HC2 Probes-V1_26 

Analog connection example: 

 

 
 
 

7.5   Hand-held probes used with an indicator 

The most common source of error when measuring relative humidity with a hand-held probe is a difference 
between the temperature of the probe and the temperature of the environment. At a humidity condition of 50 

%RH, a temperature difference of 1 C (1.8 F) typically results in an error of 3 %RH on relative humidity. 
 
When using a humidity probe with a portable indicator, it is good practice to monitor the display for 
temperature stability. When moving the probe from one area to another, the probe should be given sufficient 
time to equilibrate with the environment to be measured. This time can be shortened, and errors avoided, by 
using the probe configuration that fits best for your application.  
 
In extreme situations, condensation may occur on the sensors when the probe is colder than the environment. 
As long as the humidity / temperature limits of the humidity sensor are not exceeded, condensation does not 
alter the calibration of the sensor. However, the sensor has to dry out before it can provide a valid 
measurement. 
 
Non-moving air is an excellent insulator. When there is no air movement, surprising differences in temperature 
and humidity can noted over short distances. Air movement at the probe generally results in measurements 
that are both faster and more accurate. 

E2-01XX-ACT 
Voltage 

Adapter 

 
 HC2 probe 

 

Voltage Source 
5…24 VDC 

or 

5…16 VAC 

Controller 

(or other) 

Cable ended with open wires 

2 x analog signal 
0…1 VDC 
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8  Maintenance 

8.1   Cleaning or replacing the dust filter 

Depending on the conditions of measurement, the filter should be checked from time to time. Corroded, 
discolored or clogged filters should be replaced. 
 

 If the probe has a removable cartridge, simply replace the cartridge (leave the metal base on the probe). 
 

 
 
 

 If the probe has a plastic slotted cap with a built-in filter element follow these instructions: 
 
1) Unscrew the filter from the probe and pull it straight away, in the alignment of the probe, so as not the 
catch the humidity and temperature sensors. 
 
2) Before putting on a new dust filter, check the alignment of both sensors with the probe. The wires that 
connect the sensors to the probe are very thin and bend easily. If necessary, correct the alignment by 
tapping the sensor very gently with a smooth object such as a small plastic rod. Do not use sharp pliers or 
tweezers as this could puncture the sensor and do not pull hard on the sensor. 

8.2   Periodic calibration check 

Both the Pt 100 RTD temperature sensor and associated electronics are very stable and should not require 
any calibration after the initial factory adjustment. 
 
Long term stability of the ROTRONIC Hygromer humidity sensor is typically better than 1 %RH per year. For 
maximum accuracy, calibration of the probe should be verified every 6 to 12 months. Applications where the 
probe is exposed to contaminants may require more frequent verifications. Calibration and adjustment of the 
HC2 probe can be done with either a PC with the HW4 software installed (version 2.1.0 or higher) or with the 
HP23 hand-held calibrator. For connecting the HC2 probe to a PC, use any of the following digital adapter 
cables AC3001, AC3002 or AC3005 (see document E-M-HC2-accessories). 

 
Procedure for adjusting the HC2 probe with the ROTRONIC HW4 software: 
 

 Connect the HC2 probe to the HW4 PC as explained in the HW4 manual E-M-HW4v3-Main 

 Start HW4 software on the PC and search for the HC2 probe. (HW4 Main Menu Bar > Devices and 
Groups > Search for USB masters or Search for RS232 masters or search for Ethernet masters, 
depending on the connecting cable). 

 After finding the HC2 probe with HW4, expand the device tree to see the HC2 probe functions and 
select  Probe Adjustment. 

 For further instructions see HW4 manual E-M-HW4v3-A2-001 

8.3   Validation of the output signals transmission 

If so desired, transmission of the HC2 probe output signals can be validated by using the probe simulator 
function. The HW4 software is required to enable and configure this function. When the function is enabled the 
probe generates digital and analog signals corresponding to values specified by the user. 
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9  Firmware updates 
Firmware updates will be available on the ROTRONIC website for downloading. Firmware files are given a 
name that shows both to which device the file applies and the version number of the firmware. All firmware 
files have the extension HEX. For connecting the HC2 probe to a PC, use any of the following digital adapter 
cables AC3001, AC3002 or AC3005 (see document E-M-HC2-accessories). 

 
Procedure for updating the firmware: 
 

 Connect the HC2 probe to the HW4 PC as explained in the HW4 manual E-M-HW4v3-Main 

 Copy the firmware update file from the ROTRONIC website to the PC. 

 Start HW4 software on the PC and search for the HC2 probe. (HW4 Main Menu Bar > Devices and 
Groups > Search for USB masters or Search for RS232 masters or search for Ethernet masters, 
depending on the connecting cable). 

 After finding the HC2 probe, expand the device tree to see the HC2 probe functions. Select Device 
Manager. In the Device Manager menu bar select Tools > Firmware Update. For instructions see 
document E-M-HW4v3-F2-001  
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10  Technical data 

10.1   Specifications 

 

General  

Device type Humidity temperature probe 

Mechanical configuration See models 

 

Power supply and connections 

Supply voltage (VDD) 3.3 … 5 VDC  ± 0% 

Recommended supply voltage 3.3 VDC 

Supply voltage during factory 
tests and adjustment  

3.3 VDC 

Supply voltage stability / ripple   See System Accuracy, effect of VDD 

Nominal current consumption < 4.5 mA at  VDD = 3.3…5 VDC 

Maximum start-up current unlimited < 50mA during 2µs 

Minimum start-up current 8 mA during 2ms and 5 mA during 2s 

Maximum current spike during 
operation 

1 mA during maximum 2µs 

Polarity protection Mechanical only (keyed connector) 

 

Humidity measurement  

Sensor ROTRONIC Hygromer 
®
 IN1 

Measuring range  0…100 %RH 

Measurement accuracy at 23 °C 
with 3.3 VDC supply voltage 

±0.8 %RH (w. standard adjustment profile) 
±1.0 %RH for models HC2-C04 and HC2-C05 (see also §10.3)  

Repeatability 0.3 %RH 

Long term stability < 1 %RH / year 

Sensor time constant Typical 10 sec, 63% of a 35 to 80 %RH step change (1m/sec air flow at sensor) 

 
 

Temperature measurement  

Sensor Pt100 RTD, IEC 751 class A 

Measuring range -100…200 °C (see also environmental limits) 

Measurement accuracy at 23 °C 
with3.3 VDC supply voltage 

±0.1 °C 
±0.3 °C for models HC2-C04 and HC2-C05 (see also §10.3) 

Repeatability 0.05°C 

Long term stability < 0.1°C / year 

Sensor time constant Typical 4 sec, 63% of a step change (1m/sec air flow at sensor) 

 

Calculated parameters  

Psychrometric calculations Dew or frost point (user configurable) 

 

Start-up time and data refresh rate  

Start-up time 1.5s (typical) 

Data refresh rate 1.0s (typical) – when not calculating any parameter 
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Configurable analog outputs  

Output 1 Can be made to correspond to any parameter 

 Factory default parameter Relative humidity 

 Factory default scale 0…100 %RH 

Output 2 Can be made to correspond to any parameter 

 Factory default parameter Temperature 

 Factory default scale -40…60 °C 

Output 1 and Output 2  

 Signal type 0…1 V 

 User configurable scaling limits -999.99 … 9999.99 engineering units 

 Offset at 0 V + 3 mV (maximum) 

 Ripple < 1.2 mV/x 2µs 

 Short circuit tolerant Yes 

 Internal resistance < 10 Ω 

 Minimum external load  1000 Ω 

 Deviation from digital signal < ±1 mV  from 0.002 to 1.0 V / + 2 mV from 0.0 to 0.002 V 

 

Digital interface 

Interface type UART (Universal Asynchronous Receiver Transmitter) 

Organization  Dialog, duplex 

Default configuration 

Baud rate : 19200  
Parity : none  
Data bits : 8  
Stop bits : 1  
Flow Control : none  

Tolerance 3 %  

Baud rate configuration: No 

Logical levels 
Logical 0: < = 0.3V * VDD 
Logical 1: > = 0.8V * VDD 

Maximum cable length 5 m (16.4 ft) w/o signal booster 

 
 

Effect of VDD in the range 3.3 to 5.0 V (see note below) 

Temperature (digital) <0.05 °C 

Humidity (digital) <0.25 %RH 

Analog signals <2mV (reference: digital value) 

 
Note: for models HC2-IC, HC2-IM and HC2-IE, VDD is limited to 3.3 V ± 0.1V 
 

General specifications 

Housing material See Models 

Collar material (connector) Alu-Anticorodal (anodized) 

Dust filter material See Models 

Protection grade IP 65 

Physical dimensions See Models 

Weight See Models 
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Conformity to standards  

CE / EMC immunity 
EMC Directive 2004/108/EG: EN 61000-6-1: 2001, EN 61000-6-2: 2005 
                                               EN 61000-6-3: 2005, EN 61000-6-4: 2001 + A11 

Solder type Lead free (RoHS directive) 

FDA / GAMP directives compatible 

 

Environmental limits  

Storage and transit -50…+100 °C  / 0…100 %RH, non condensing 

Operating limits at electronics 
-40 … +100 °C 
0…100 %RH, non condensing 

Temperature  limits at sensor See Models 

Maximum humidity at sensor 

100 %RH up to 80 °C (176 °F) 
75 %RH at 100 °C (212 °F) 
45 %RH at 125 °C (260 °F) 
15 %RH at 150 °C (302 °F) 

Maximum air velocity at probe 20 m/s (3,935 ft /min) 

Critical environments Humidity sensor: as per DV04-14.0803.02 - Critical chemicals 

10.2   Dew point accuracy 

The HC2 probes can be configured to calculate either the dew point or frost point based on the measurement 
of relative humidity and temperature. The accuracy of this conversion varies, depending on the humidity and 
temperature conditions as shown in the graph below: 
 

 
 
Example: at a temperature of 20 ˚C, a dew point value of -37 ˚C is measured with an accuracy of 

± 1.0 ˚C or better.  
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10.3   Effect of cable temperature on the accuracy of probes HC2-C04 and 
HC2-C05 

 
Accuracy of the HC2-C04 and HC2-C05 probes is affected by the temperature of the cable separating the 
sensors from the electronics.  
 
Error on humidity: 

 
Humidity measurement accuracy is specified at ±1.0 %RH when both the humidity sensor and the cable are at 
23 °C. Depending both on the value of temperature and on the exposed length of cable, the probe exhibits a 
predictable error (bias) as illustrated below: 
 
 

 
 
Error on temperature: 

 
Temperature measurement accuracy is specified at ±0.3 °C when both the temperature sensor and the cable 
are at 23 °C. When the full length of the 2 meter probe cable is exposed to temperature values within the 
range of -40 to 85 °C, the additional error is limited to 0.125 °C. 
 

11  Accessories and parts 
For accessories and parts such as the HW4 configuration software, extension cables, adapter cables, 
calibration accessories and spare dust filters, please see document E-M-HC2-accessories 

 

12  Supporting documents 
 

Document File Name Contents 

E-M-HC2-accessories Accessories and parts for probes, indicators and transmitters 

Systematic error as a function of the length of cable
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Document File Name Contents 

E-T-AC3000-DF-V1 AirChip 3000 Description and Main Functions 

E-M-HW4v3-DIR List of the HW4 manuals 

E-M-HW4v3-Main 
HW4 software version 3: General instructions and functions common to all 
devices 

E-M-HW4v3-F2-001 
HW4 software version 3: HC2 probe series 
Device configuration and AirChip 3000 functions 

E-M-HW4v3-A2-001 HW4 software version 3: Probe Adjustment function AirChip 3000 devices 

E-M-HW4v3-DR-001 HW4 software version 3: Data Recording Function AirChip 3000 Devices 

E-M-AC3000-CP AirChip 3000 Communication Protocol 

E-M-TCPIP-Conf 
Configuration procedures for ROTRONIC devices 
with Ethernet (TCP/IP) interface 

E-M-CalBasics 
Temperature and humidity adjustment basics 
Instructions for using the ROTRONIC humidity standards 

E-T-HumiDefs Humidity Definitions 

 
Note: All document file names have an extension corresponding to the document release number (example of 

a first release: E-M-HW4v2-Main_10). This extension is not shown in the above table. 

13  Document releases 

Doc. Release Date Notes 

_20 Apr. 11, 2009 Original release 

_21 Aug. 19, 2009 
Added probe model HC2-AW 
Corrected the specification of some of the probe materials 

_22 Jun. 18, 2010 Updated document to HW4 software v.3 

_23 May 20, 2011 Modified dimensional specifications of the HC2-C04 probe 

_24 Jan. 6, 2012 Changed the factory default for data recording to “disabled” 

_25 May 30, 2013 
Page 10: reduced maximum pressure to 100 bar / 1450 PSI for 
the HC2-IE102/105 and HC2-IE302/305 

_26 Nov. 2013 

Changes for HygroClip2 with firmware v3.0 
Power supply range changed to 3.3…5 VDC 
HC2-IE maximum pressure range changed to 100 bar. 
Added HC2-SM 
Added HC2-IMxxx-M 
Added HC2-IExxx-M 
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Warning statements 
 

Putting more than 12 Volt across the sensor wiring 
can lead to permanent damage to the sensor.  
 
Do not use “open circuit detection” when measuring 
the sensor output. 
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List of symbols 
Quantities        Symbol Unit 
 
Voltage output       U  V 
Sensitivity        S  V/(W/m2) 
Temperature       T  °C 
Electrical resistance      Re  Ω 
Solar irradiance       E  W/m2 
Solar radiant exposure      H  W∙h/m2 
Time in hours       h  h 
 
(see also appendix 9.6 on meteorological quantities) 
 
Subscripts 
 
Not applicable 
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Introduction 
LP02 is a solar radiation sensor that is applied in most common solar radiation 
observations. It complies with the second class specifications of the ISO 9060 standard 
and the WMO Guide. LP02 pyranometer is widely used in (agro-)meteorological 
applications and for PV system performance monitoring. 
 
LP02 measures the solar radiation received by a plane surface from a 180o field of view 
angle. This quantity, expressed in W/m2, is called “hemispherical” solar radiation. LP02 
pyranometer can be employed outdoors under the sun, as well as indoors with lamp-
based solar simulators. Its orientation depends on the application and may be horizontal, 
tilted (for plane of array radiation) or inverted (for reflected radiation). LP02 
pyranometer is a very good alternative to silicon cell (photodiode-based) pyranometers, 
which do not comply to the ISO 9060 standard. In combination with the right software, 
also sunshine duration may be measured. 
 
Using LP02 is easy. The pyranometer can be connected directly to commonly used data 
logging systems. The irradiance in W/m2 is calculated by dividing the LP02 output, a 
small voltage, by the sensitivity. This sensitivity is provided with LP02 on its calibration 
certificate. 
 
The central equation governing LP02 is: E = U/S                   (Formula 0.1) 
 
The instrument should be used in accordance with the recommended practices of ISO, 
WMO and ASTM. 
 
Suggested use for LP02:  
 
• general meteorlogical observations  
• agricultural networks  
• PV system performance monitoring  

 
Figure 0.1 LP02 second class pyranometer 

http://www.hukseflux.com/


 

LP02 manual v1605     6/47 

 
Figure 0.2 LP02 second class pyranometer with LI19 read-out unit / datalogger 
 
WMO has approved the “pyranometric method” to calculate sunshine duration from 
pyranometer measurements in WMO-No. 8, Guide to Meteorological Instruments and 
Methods of Observation. This implies that LP02 may be used, in combination with 
appropriate software, to estimate sunshine duration. This is much more cost-effective 
than using a dedicated sunshine duration sensor. Ask for our application note. 
 
Model LP02-TR houses a 4-20 mA transmitter for easy read-out by dataloggers 
commonly used in the industry. For more information see the chapter on LP02-TR. 
 
Model LP02-LI19 offers LP02 with handheld read-out unit / datalogger LI19 in a practical 
transport case. The LP02-LI19 combination is well suited for mobile measurements and 
short term datalogging. For more information see the LP02-LI19 brochure and ask for the 
LI19 manual. 
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1 Ordering and checking at delivery  

1.1 Ordering LP02 

The standard configuration of LP02 is with 5 metres cable. 
 
Common options are: 
 
• Longer cable (in multiples of 5 m). Specify total cable length.  
• LP02-TR second class pyranometer with 4-20 mA transmitter. Standard setting is 4 

mA at 0 W/m2 and 20 mA at 1600 W/m2. Specify setting and total cable length. 
• Adapted sensitivity range. Specify the lower en higher end of the allowed range in x 

10-6 V/(W/m2). 
• Sun screen. Specify order number SCR01. 
• For a fast response second class pyranometer see model SR03. 

 
Supply of products is subject to Hukseflux’ General Conditions of Sale. The product 
warranty (involving repair or replacement without charge for product or working hours) is 
24 months. 
 
Hukseflux does not accept any liability for losses or damages related to use of the 
supplied products. See the appendix and Hukseflux’ General Conditions of Sale for 
detailed statements on warranty and liability. 

1.2 Included items 

Arriving at the customer, the delivery should include: 
 
• pyranometer LP02 
• cable of the length as ordered 
• product certificate matching the instrument serial number 
• any other options as ordered 
 
Please store the certificate in a safe place.  

http://www.hukseflux.com/
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1.3 Quick instrument check 

A quick test of the instrument can be done by using a simple hand held multimeter and a 
lamp. 
 
1. Check the electrical resistance of the sensor between the green (-) and white (+) wire. 
Use a multimeter at the 200 Ω range. Measure the sensor resistance first with one 
polarity, than reverse the polarity. Take the average value. The typical resistance of the 
wiring is 0.1 Ω/m. Typical resistance should be the typical sensor resistance of 40 to 60 
Ω plus 1.5 Ω for the total resistance of two wires (back and forth) of each 5 m. Infinite 
resistance indicates a broken circuit; zero or a low resistance indicates a short circuit. 
2. Check if the sensor reacts to light: put the multimeter at its most sensitive range of 
DC voltage measurement, typically the 100 x 10-3 VDC range or lower. Expose the sensor 
to a strong light source, for instance a 100 W light bulb at 0.1 m distance. The signal 
should read > 2 x 10-3 V now. Darken the sensor either by putting something over it or 
switching off the light. The instrument voltage output should go down and within one 
minute approach 0 V. 
3. If applicable, remove the optional sun screen, using the hex key (see chapter on 
installation of the sun screen). Inspect the bubble level.  
4. Inspect the instrument for any damage. 
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2 Instrument principle and theory 
 
 

 
 
 
 
Figure 2.1 Overview of LP02: 
  
(1)  cable, (standard length 5 metres, optional longer cable) 
(2)  cable gland 
(3) thermal sensor with black coating  
(4) glass dome 
(5) sensor body 
(6)  levelling feet 
(7)  mounting hole 
(8)  bubble level 
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LP02’s scientific name is pyranometer. A pyranometer measures the solar radiation 
received by a plane surface from a 180° field of view angle. This quantity, expressed in 
W/m2, is called “hemispherical” solar radiation. The solar radiation spectrum extends 
roughly from 285 to 3000 x 10-9 m. By definition a pyranometer should cover that 
spectral range with a spectral selectivity that is as “flat” as possible. 
 
In an irradiance measurement by definition the response to “beam” radiation varies with 
the cosine of the angle of incidence; i.e. it should have full response when the solar 
radiation hits the sensor perpendicularly (normal to the surface, sun at zenith, 0° angle 
of incidence), zero response when the sun is at the horizon (90° angle of incidence, 90° 
zenith angle), and 50 % of full response at 60° angle of incidence.  
A pyranometer should have a so-called “directional response” (older documents mention  
“cosine response”) that is as close as possible to the ideal cosine characteristic. 
 
In order to attain the proper directional and spectral characteristics, a pyranometer’s 
main components are: 
 
• a thermal sensor with black coating. It has a flat spectrum covering the 200 to 50000 

x 10-9 m range, and has a near-perfect directional response. The coating absorbs all 
solar radiation and, at the moment of absorption, converts it to heat. The heat flows 
through the sensor to the sensor body. The thermopile sensor generates a voltage 
output signal that is proportional to the solar irradiance. 
 

• a glass dome. This dome limits the spectral range from 285 to 3000 x 10-9 m (cutting 
off the part above 3000 x 10-9 m), while preserving the 180° field of view angle. 
Another function of the dome is that it shields the thermopile sensor from the 
environment (convection, rain). 
 

• a second (inner) glass dome: For a first class pyranometer, two domes are used, and 
not one single dome. This construction provides an additional “radiation shield”, 
resulting in a better thermal equilibrium between the sensor and inner dome, 
compared to using a single dome. The effect of having a second dome is a strong 
reduction of instrument offsets. 

 
Pyranometers can be manufactured to different specifications and with different levels of 
verification and characterisation during production. The ISO 9060 - 1990 standard, “Solar 
energy - specification and classification of instruments for measuring hemispherical solar 
and direct solar radiation”, distinguishes between 3 classes; secondary standard (highest 
accuracy), first class (second highest accuracy) and second class (third highest 
accuracy). 
 
From second class to first class and from first class to secondary standard, the achievable 
accuracy improves by a factor 2.   

http://www.hukseflux.com/
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Figure 2.2 Spectral response of the pyranometer compared to the solar spectrum. The 
pyranometer only cuts off a negligible part of the total solar spectrum. 
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3 Specifications of LP02 

3.1 Specifications of LP02 

LP02 measures the solar radiation received by a plane surface from a 180o field of view 
angle. This quantity, expressed in W/m2, is called “hemispherical” solar radiation. 
Working completely passive, using a thermopile sensor, LP02 generates a small output 
voltage proportional to this flux. It can only be used in combination with a suitable 
measurement system. The instrument is classified according to ISO 9060 and should be 
used in accordance with the recommended practices of ISO, IEC, WMO and ASTM.  
 
Table 3.1.1 Specifications of LP02 (continued on next pages) 
 
LP02 MEASUREMENT SPECIFICATIONS: 
LIST OF CLASSIFICATION CRITERIA OF ISO 9060* 
  
ISO classification (ISO 9060: 1990) second class pyranometer  
WMO performance level (WMO-No-8, 
seventh edition 2008) 

moderate quality pyranometer 

Response time (95 %) 18 s 
Zero offset a (response to 200 W/m2 
net thermal radiation) 

< ± 15 W/m2  unventilated 

Zero offset b (response to 5 K/h 
change in ambient temperature) 

< ± 4 W/m2 

Non-stability < ± 1 % change per year 
Non-linearity < ± 1 % (100 to 1000 W/m2) 
Directional response < ± 25 W/m2  
Spectral selectivity < ± 5 % (0.35 to 1.5 x 10-6 m) 
Temperature response < ± 3 % (-10 to +40 °C) 
Tilt response < ± 2 % (0 to 90 ° at 1000 W/m2) 
 
*For the exact definition of pyranometer ISO 9060 specifications see the appendix. 
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Table 3.1.1 Specifications of LP02 (continued) 
 
LP02 ADDITIONAL SPECIFICATIONS 
 
Measurand hemispherical solar radiation 
Measurand in SI radiometry units irradiance in W/m2 
Optional measurand sunshine duration 
Field of view angle 180 ° 
Measurement range 0 to 2000 W/m2 
Sensitivity range 7 to 25 x 10-6 V/(W/m2) 
Sensitivity (nominal) 15 x 10-6 V/(W/m2) 
Expected voltage output  application under natural solar radiation: -0.1 to + 50 

x 10-3 V 
Measurement function / required 
programming 

E = U/S 

Measurement function / optional 
programming for sunshine duration 

programming according to WMO guide paragraph 
8.2.2 

Required readout 1 differential voltage channel or 1 single ended 
voltage channel, input resistance > 106 Ω 

Optional readout 1 temperature channel in case optional temperature 
sensor is ordered 

Rated operating temperature range  -40 to +80 °C 
Sensor resistance range 40 to 60  Ω  
Required sensor power zero (passive sensor) 
Spectral range (20 % transmission 
points) 

285 to 3000 x 10-9 m 

Standard governing use of the 
instrument 
 

ISO/TR 9901:1990 Solar energy -- Field pyranometers 
-- Recommended practice for use 
ASTM G183 - 05 Standard Practice for Field Use of 
Pyranometers, Pyrheliometers and UV Radiometers 

Standard cable length (see options) 5 m 
Cable diameter 4 x 10-3 m 
Cable gland: cable diameter range accepts cable diameters from 4 to 6 x 10-3 m 
Cable replacement cable can be removed and installed by the user 

provided that the cable is sealed at the sensor side 
against humidity ingress. Consult Hukseflux for 
instructions or use Hukseflux-supplied parts 

Mounting 2 x M5 bolt at 65 mm centre-to-centre distance on 
north-south axis 

Levelling bubble level and adjustable levelling feet are included 
Levelling accuracy < 0.4 ° bubble entirely in ring 
IP protection class IP 67 
Gross weight including 5 m cable 0.5 kg 
Net weight including 5 m cable 0.3 kg 
Packaging box of 170 x 90 x 230 x mm 
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Table 3.1.1 Specifications of LP02 (started on previous pages) 
 
CALIBRATION 
 

 

Calibration traceability to WRR 
Calibration hierarchy from WRR through ISO 9846 and ISO 9847, applying 

a correction to reference conditions 
Calibration method indoor calibration according to ISO 9847, Type IIc 
Calibration uncertainty < 1.8 % (k = 2) 
Recommended recalibration interval 2 years 
Reference conditions 20 °C, normal incidence solar radiation, horizontal 

mounting, irradiance level 1000 W/m2 
Validity of calibration 
 

based on experience the instrument sensitivity will not 
change during storage. During use under exposure to 
solar radiation the instrument “non-stability” 
specification is applicable. 

MEASUREMENT ACCURACY 
 

 

Uncertainty of the measurement statements about the overall measurement 
uncertainty can only be made on an individual basis. 
See the chapter on uncertainty evaluation 

VERSIONS / OPTIONS 
 

 

Adapted sensitivity range 
 

the rated sensitivity range can be adapted to 
customer requirements  (to a lower range only) 
option code =  lower end - higher end of the allowed 
range x 10-6 V/(W/m2) 

4-20 mA transmitter creating a 4-20 mA output signal,  
option code = TR,  
with adapted housing 
standard setting is 4  x 10-3 A at 0 W/m2 and  
20 x 10-3 A at 1600 W/m2 

for specifications see the chapter on LP02-TR 
Longer cable, in multiples of 5 m option code = total cable length 
ACCESSORIES 
 

 

Sun screen for use on LP02 SCR01 
Separate amplifiers AC100 and AC420 
Handheld read-out unit LI19 

LP02-LI19 consists of one LP02 pyranometer, one 
programmed LI19 handheld read-out unit / 
datalogger, two spare batteries, one USB cable, 
software and a transport case 
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3.2 Dimensions of LP02 

 
 

 
 
 
 
Figure 3.2.1 Dimensions of LP02 in 10-3 m. 
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4 Standards and recommended practices 
for use 

Pyranometers are classified according to the ISO 9060 standard and the WMO-No. 8 
Guide. In any application the instrument should be used in accordance with the 
recommended practices of ISO, IEC, WMO and / or ASTM. 
 

4.1 Classification standard 
 
Table 4.1.1 Standards for pyranometer classification. See the appendix for definitions of 
pyranometer specifications, and a table listing the specification limits. 
 
STANDARDS FOR INSTRUMENT CLASSIFICATION 
 
ISO STANDARD EQUIVALENT 

ASTM STANDARD 
WMO  

 
ISO 9060:1990 
Solar energy -- specification and 
classification of instruments for 
measuring hemispherical solar and 
direct solar radiation 

 
Not available 

 
WMO-No. 8; Guide to 
Meteorological Instruments 
and Methods of Observation, 
chapter 7, measurement of 
radiation, 7.3 measurement 
of global and diffuse solar 
radiation 
 

 

4.2 General use for solar radiation measurement 
 
Table 4.2.1 Standards with recommendations for instrument use in solar radiation 
measurement 
 
STANDARDS FOR INSTRUMENT USE FOR HEMISPHERICAL SOLAR RADIATION  
 
ISO STANDARD EQUIVALENT  

ASTM STANDARD 
WMO  

 
ISO/TR 9901:1990  
Solar energy -- Field 
pyranometers -- Recommended 
practice for use 

 
ASTM G183 - 05  
Standard Practice for Field 
Use of Pyranometers, 
Pyrheliometers and UV 
Radiometers 

 
WMO-No. 8; Guide to 
Meteorological Instruments 
and Methods of Observation, 
chapter 7, measurement of 
radiation, 7.3 measurement 
of global and diffuse solar 
radiation 
 

 

4.3 General use for sunshine duration measurement 
According to the World Meteorological Organization (WMO, 2003), sunshine duration 
during a given period is defined as the sum of that sub-period for which the direct solar 
irradiance exceeds 120 W/m2. 
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WMO has approved the “pyranometric method” to estimate sunshine duration from 
pyranometer measurements (Chapter 8 of the WMO Guide to Instruments and 
Observation, 2008). This implies that a pyranometer may be used, in combination with 
appropriate software, to estimate sunshine duration. Ask for our application note. 
 
Table 4.3.1 Standards with recommendations for instrument use in sunshine duration 
measurement  
 
STANDARDS FOR INSTRUMENT USE FOR SUNSHINE DURATION 
 
WMO 
 
WMO-No. 8; Guide to Meteorological Instruments and Methods of Observation, chapter 8, 
measurement of sunshine duration, 8.2.2 Pyranometric Method 

 

4.4 Specific use in meteorology and climatology 

The World Meteorological Organization (WMO) is a specialised agency of the United 
Nations. It is the UN system's authoritative voice on the state and behaviour of the 
earth's atmosphere and climate. WMO publishes WMO-No. 8; Guide to Meteorological 
Instruments and Methods of Observation, in which a table is included on “level of 
performance” of pyranometers. Nowadays WMO conforms itself to the ISO classification 
system. 
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5 Installation of LP02 

5.1 Site selection and installation 

Table 5.1.1 Recommendations for installation of pyranometers 
 
Location The situation that shadows are cast on the 

instruments is usually not desirable. The horizon 
should be as free from obstacles as possible. Ideally 
there should be no objects between the course of the 
sun and the instrument. 
 

Mechanical mounting / thermal insulation 
 

preferably use connection by bolts to the bottom plate 
of the instrument. A pyranometer is sensitive to 
thermal shocks. Do not mount the instrument with the 
body in direct thermal contact to the mounting plate 
(so always use the levelling feet also if the mounting 
is not horizontal), do not mount the instrument on 
objects that become very hot (black coated metal 
plates).  
 

Instrument mounting with 2 bolts 2 x M5 bolt at 65 x 10-3 m centre to centre distance 
on north-south axis, connection through the 
pyranometer flange. 
 

Instrument mounting with one bolt not applicable 
 

Performing a representative 
measurement 

the pyranometer measures the solar radiation in the 
plane of the sensor. This may require installation in a 
tilted or inverted position. The black sensor surface 
(sensor bottom plate) should be mounted parallel to 
the plane of interest.  
In case a pyranometer is not mounted horizontally or 
in case the horizon is obstructed, the 
representativeness of the location becomes an 
important element of the measurement. See the 
chapter on uncertainty evaluation. 
 

Levelling  in case of horizontal mounting only use the bubble 
level and levelling feet. The optional sun screen must 
be removed for inspection of the bubble level. 
 

Instrument orientation by convention with the cable exit pointing to the 
nearest pole (so the cable exit should point north in 
the northern hemisphere, south in the southern 
hemisphere). 
 

Installation height in case of inverted installation, WMO recommends a 
distance of 1.5 m between soil surface and sensor 
(reducing the effect of shadows and in order to obtain 
good spatial averaging). 
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5.2 Installation of the optional sun screen 

The optional SCR01 sun screen can be installed and removed using a hex key (size 2 x 
10-6 m). See the drawing below.  
 
 

 
 
 

Figure 5.2.1 Installation and removal of sun screen: Turn the set screw using the hex 
key and lift of the sun screen. (1) hex key, (2) sun screen, (3) set screw  
 

5.3 Electrical connection 
 
In order to operate, a pyranometer should be connected to a measurement system, 
typically a so-called datalogger. LP02 is a passive sensor that does not need any power. 
Cables generally act as a source of distortion, by picking up capacitive noise. We 
recommend keeping the distance between a datalogger or amplifier and the sensor as 
short as possible. For cable extension, see the appendix on this subject. 
 
Table 5.3.1 The electrical connection of LP02  
 
WIRE 
 

COLOUR MEASUREMENT SYSTEM 

Sensor output + White 
 

Voltage input + 

Sensor output - Green 
 

Voltage input - or ground 

Shield Black 
 

Analogue ground 

 
 
 

 
 
 
Figure 5.3.1 Electrical diagram of LP02. The shield is connected to the sensor body. 
 
 

1 2 3
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Table 5.3.2 Standard internal connection of LP02 at the internal printed circuit board 
 

 

5.4 Requirements for data acquisition / amplification 
 
The selection and programming of dataloggers is the responsibility of the user. Please 
contact the supplier of the data acquisition and amplification equipment to see if 
directions for use with the LP02 are available. 
In case programming for similar instruments is available, this can typically also be used. 
LP02 can usually be treated in the same way as other thermopile pyranometers. 
Pyranometers usually have the same programming as heat flux sensors.   
 
In case of the LP02-TR version, the output is 4 to 20 x 10-3 A. See the chapter on the 
LP02-TR. When using LP02 combined with read-out unit / datalogger LI19, please consult 
the LI19 manual as well.  
 
Table 5.4.1 Requirements for data acquisition and amplification equipment for LP02 in 
the standard configuration  
 
 
Capability to measure small voltage 
signals 

 
preferably: 5 x 10-6 V uncertainty 
Minimum requirement: 20 x 10-6 V uncertainty 
(valid for the entire expected temperature range of the 
acquisition / amplification equipment)  
 

 
Capability for the data logger or the 
software  

 
to store data, and to perform division by the sensitivity to 
calculate the solar irradiance.  
E = U/S (Formula 0.1) 
 

 
Data acquisition input resistance 
 

 
> 1 x 106 Ω 
 

 
Open circuit detection 
(WARNING) 

 
open-circuit detection should not be used, unless this is done 
separately from the normal measurement by more than 5 
times the sensor response time and with a small current 
only. Thermopile sensors are sensitive to the current that is 
used during open circuit detection. The current will generate 
heat, which is measured and will appear as an offset. 
 

SENSOR 
 

PRINTED CIRCUIT COLOUR CODE WIRE 

Plus (+) + White 
 

Minus (-) - Green 
 

Shield SH Bare metal 
 

 TR Not connected unless the sensor 
has a trimmed sensitivity or 
limited sensitivity range 
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6 Making a dependable measurement 

6.1 The concept of dependability 
 
A measurement with a pyranometer is called “dependable” if it is reliable, i.e. measuring 
within required uncertainty limits, for most of the time and if problems, once they occur, 
can be solved quickly.  
 
The requirements for a measurement with a pyranometer may be expressed by the user 
as: 
 
• required uncertainty of the measurement (see following paragraphs) 
• requirements for maintenance and repairs (possibilities for maintenance and repair 

including effort to be made and processing time) 
• a requirement to the expected instrument lifetime (until it is no longer feasible to 

repair)  
 
It is important to realise that the uncertainty of the measurement is not only determined 
by the instrument but also by the way it is used. 
 
See also ISO 9060 note 5. In case of pyranometers,  the measurement uncertainty as 
obtained during outdoor measurements is a function of: 
 
• the instrument class   
• the calibration procedure / uncertainty 
• the duration of instrument employment under natural sunlight (involving the 

instrument stability specification)  
• the measurement conditions (such as tilting, ventilation, shading, instrument 

temperature)  
• maintenance (mainly fouling) 
• the environmental conditions*  
 
Therefore, ISO 9060 says, “statements about the overall measurement uncertainty under 
outdoor conditions can only be made on an individual basis, taking all these factors into 
account”.  
 
* defined at Hukseflux as all factors outside the instrument that are relevant to the 
measurement such as the cloud cover (presence or absence of direct radiation), sun 
position, the local horizon (which may be obstructed) or condition of the ground (when 
tilted). The environmental conditions also involve the question whether or not the 
measurement at the location of measurement is representative of the quantity that 
should be measured.  
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6.2 Reliability of the measurement 
 
A measurement is reliable if it measures within required uncertainty limits for most of the 
time. We distinguish between two causes of unreliability of the measurement: 
 
• related to the reliability of the pyranometer and its design, manufacturing, calibration 

(hardware reliability).  
• related to the reliability of the measurement uncertainty (measurement reliability), 

which involves hardware reliability as well as condition of use. 
 
Most of the hardware reliability is the responsibility of the instrument manufacturer. 
The reliability of the measurement however is a joint responsibility of instrument 
manufacturer and user. As a function of user requirements, taking into account 
measurement conditions and environmental conditions, the user will select an instrument 
of a certain class, and define maintenance support procedures.  
 
In many situations there is a limit to a realistically attainable accuracy level. This is due 
to conditions that are beyond control once the measurement system is in place. Typical 
limiting conditions are:  
 
• the measurement conditions, for instance when working at extreme temperatures 

when the instrument temperature is at the extreme limits of the rated temperature 
range. 

• the environmental conditions, for instance when installed at a sub-optimal 
measurement location with obstacles in the path of the sun. 

• other environmental conditions, for instance when assessing PV system performance 
and the system contains panels at different tilt angles, the pyranometer 
measurement may not be representative of irradiance received by the entire PV 
system. 

 
The measurement reliability can be improved by maintenance support. Important aspects 
are: 
 
• dome fouling by deposition of dust, dew, rain or snow. Fouling results in undefined 

measurement uncertainty (sensitivity and directional error are no longer defined). 
This should be solved by regular inspection and cleaning. 

• sensor instability. Maximum expected sensor aging is specified per instrument as its 
non-stability in [% change / year]. In case the sensor is not recalibrated, the 
uncertainty of the sensitivity gradually will increase. This is solved by regular 
recalibration. 

• moisture condensing under pyranometer domes resulting in a slow change of 
sensitivity (within specifications). This is solved by regular replacement of desiccant 
or by maintenance (drying the entire sensor) in case the sensor allows this. For non-
serviceable sensors like Hukseflux second class pyranometers (for example model 
LP02), this may slowly develop into a defect. For first class and secondary standard 
models (for instance model SR11 first class pyranometer) extra desiccant (in a set of 
5 bags in an air tight bag) is available. 
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Another way to improve measurement reliability is to introduce redundant sensors.  
 
• The use of redundant instruments allows remote checks of one instrument using the 

other as a reference, which leads to a higher measurement reliability.   
• In PV system performance monitoring, in addition to instruments measuring in the 

plane of array, horizontally placed instruments are used for the measurement of 
global radiation. Global irradiance data enable the user to compare the local climate 
and system efficiency between different sites. These data can also be compared to 
measurements by local meteorological stations. 
 

6.3 Speed of repair and maintenance / instrument lifetime 

Dependability is not only a matter of reliability but also involves the reaction to 
problems; if the processing time of service and repairs is short, this contributes to the 
dependability. 
 
Hukseflux pyranometers are designed to allow easy maintenance and repair. The main 
maintenance actions are: 
  
• replacement of desiccant (not applicable for LP02) 
• replacement of cabling 
 
For optimisation of dependability a user should: 
 
• estimate the expected lifetime of the instrument 
• design a schedule of regular maintenance 
• design a schedule of repair or replacement in case of defects 
 
When operating multiple instruments in a network Hukseflux recommends keeping 
procedures simple and having a few spare instruments to act as replacements during 
service, recalibrations and repair. 
 
Hukseflux pyranometers are designed to be suitable for the intended use for at least 5 
years under normal meteorological conditions. Factory warranty (granting free of charge 
repair) for defects that are clearly traceable to errors in production is 2 years. 
 
The “product expected lifetime” is defined as the minimum number of years of 
employment with normal level of maintenance support, until the instrument is no longer 
suitable for its intended use (cannot be repaired). For pyranometers, the product 
expected lifetime depends heavily on the environmental conditions. Examples of 
environments with reduced expected lifetime are areas with high levels of air pollution 
and areas with high levels of salt in the air. Both cause enhanced corrosion. It is not 
possible to give a generally applicable statement about expected lifetime. In Hukseflux’ 
experience it is not realistic to expect a lifetime longer than 10 years except in very dry 
environments such as very dry tropical or polar climates. 
 

http://www.hukseflux.com/


 

LP02 manual v1605     24/47 

Examples: Hukseflux model LP02 second class pyranometer has been produced since 
2004. In 2012, the number of instruments in the field is estimated to be above 4000. 
Hukseflux quality management’s interpretation of service records is that the Mean Time 
Between Failure (MTBF) of LP02 is larger than 6 years (only defects and large repairs are 
counted as failures).  

6.4 Uncertainty evaluation 
 
The uncertainty of a measurement under outdoor or indoor conditions depends on many 
factors, see paragraph 1 of this chapter. It is not possible to give one figure for 
pyranometer measurement uncertainty. The work on uncertainty evaluation is “in 
progress”. There are several groups around the world participating in standardisation of 
the method of calculation. The effort aims to work according to the guidelines for 
uncertainty evaluation (according to the “Guide to Expression of Uncertainty in 
Measurement” or GUM). 

6.4.1 Evaluation of measurement uncertainty under outdoor conditions 
 
Hukseflux actively participates in the discussions about pyranometer measurement 
uncertainty; we also provide spreadsheets, reflecting the latest state of the art, to assist 
our users in making their own evaluation. The input to the assessment is summarised: 
 
1) The formal evaluation of uncertainty should be performed in accordance with ISO 98-3 
Guide to the Expression of Uncertainty in Measurement, GUM.  
2) The specifications of the instrument according to the list of ISO 9060 classification of 
pyranometers and pyrheliometers are entered as limiting values of possible errors, to be 
analysed as type B evaluation of standard uncertainty per paragraph 4.3.7. of GUM. A 
priori distributions are chosen as rectangular. 
3) A separate estimate has to be entered to allow for estimated uncertainty due to the 
instrument maintenance level. 
4) The calibration uncertainty has to be entered. Please note that Hukseflux calibration 
uncertainties are lower than those of alternative equipment. These uncertainties are 
entered in measurement equation (equation is usually Formula 0.1: E = U/S), either as 
an uncertainty in E (zero offsets, directional response) in U (voltage readout errors)  
or in S (tilt error, temperature dependence, calibration uncertainty). 
5) In uncertainty analysis for pyranometers, the location and date of interest is entered. 
The course of the sun is then calculated, and the direct and diffuse components are 
estimated, based on a model; the angle of incidence of direct radiation is a major factor 
in the uncertainty.  
6) In uncertainty analysis for modern pyrheliometers: tilt dependence often is so low that 
one single typical observation may be sufficient.  
7) In case of special measurement conditions, typical specification values are chosen. 
These should for instance account for the measurement conditions (shaded / unshaded, 
ventilated/ unventilated, horizontal / tilted) and environmental conditions (clear sky / 
cloudy, working temperature range). 
8) Among the various sources of uncertainty, some are “correlated”; i.e. present during 
the entire measurement process, and not cancelling or converging to zero when 
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averaged over time; the off-diagonal elements of the covariance matrix are not zero. 
Paragraph 5.2 of GUM. 
9) Among the various sources of uncertainty, some are “uncorrelated”; cancelling or 
converging to zero when averaged over time; the off-diagonal elements of the covariance 
matrix are zero. Paragraph 5.1 of GUM. 
10) Among the various sources of uncertainty, some are “not included in analysis”; this 
applies for instance to non-linearity for pyranometers, because it is already included in 
the directional error, and the spectral response for pyranometers and pyrheliometers 
because it is already taken into account in the calibration process. 
 
Table 6.4.1.1 Preliminary estimates of achievable uncertainties of measurements with 
Hukseflux pyranometers. The estimates are based on typical pyranometer properties and 
calibration uncertainty, for sunny, clear sky days and well maintained stations, without 
uncertainty loss due to lack of maintenance and due to instrument fouling. The table 
specifies expanded uncertainties with a coverage factor of 2 and confidence level of  
95 %. Estimates are based on 1 s sampling. IMPORTANT NOTE: there is no international 
consensus on uncertainty evaluation of pyranometer measurements, so this table should 
not be used as a formal reference. 
 
Pyranometer 
class  
(ISO 9060) 
 

season latitude uncertainty 
minute totals 
at solar noon 

uncertainty 
hourly totals 
at solar noon 

uncertainty 
daily totals 

secondary 
standard 
   
  

summer mid-latitude 2.7 % 2.0 % 1.9 % 

 
equator 2.6 % 1.9 % 1.7 % 

  pole 7.9 % 5.6 % 4.5 % 
winter mid-latitude 3.4 % 2.5 % 2.7 % 

first class summer mid-latitude 4.7 % 3.3 % 3.4 % 

  
equator 4.4 % 3.1 % 2.9 % 

    pole 16.1% 11.4 % 9.2 % 

  winter mid-latitude 6.5 % 4.5 % 5.2 % 

second class summer mid-latitude 8.4 % 5.9 % 6.2 % 

(LP02)  
 

equator 7.8 % 5.5 % 5.3 % 

    pole 29.5 % 21.6 % 18.0 % 

 
winter mid-latitude 11.4 % 8.1 % 9.9 % 

 

6.4.2 Calibration uncertainty 
 
From 2011 to 2012, calibration of LP02 has been improved. New procedures were 
developed in close cooperation with PMOD World Radiation Center in Davos, Switzerland. 
Our latest calibration method results in an uncertainty of the sensitivity of less than  
1.8 %, compared to typical uncertainties of higher than 3.5 % for this pyranometer 
class. See the appendix for detailed information on calibration hierarchy.  
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7 Maintenance and trouble shooting 

7.1 Recommended maintenance and quality assurance 

LP02 can measure reliably at a low level of maintenance in most locations. Usually 
unreliable measurements will be detected as unreasonably large or small measured 
values. As a general rule this means that regular visual inspection combined with a 
critical review of the measured data, preferably checking against other measurements, is 
the preferred way to obtain a reliable measurement. 
 
Table 7.1.1 Recommended maintenance of LP02. If possible the data analysis and 
cleaning (1 and 2) should be done on a daily basis. 
 

  

MINIMUM RECOMMENDED PYRANOMETER MAINTENANCE 

 INTERVAL SUBJECT ACTION 

1 1 week data analysis compare measured data to maximum possible / maximum 
expected irradiance and to other measurements nearby 
(redundant instruments). Also historical seasonal records can 
be used as a source for expected values. Analyse night time 
signals.  These signals may be negative (down to -5 W/m2 on 
clear windless nights), due to zero offset a. In case of use with 
PV systems, compare daytime measurements to PV system 
output. Look for any patterns and events that deviate from 
what is normal or expected. 

2 2 weeks cleaning use a soft cloth to clean the dome of the instrument, 
persistent stains can be treated with soapy water or alcohol 

3 6 months inspection inspect cable quality, inspect cable glands, inspect mounting 
position, inspect cable, clean instrument, clean cable, inspect 
levelling, change instrument tilt in case this is out of 
specification, inspect mounting connection, inspect interior of 
dome for condensation 

4  desiccant 
replacement 

desiccant replacement (not applicable for LP02) 

5 2 years recalibration recalibration by side-by-side comparison to a higher standard 
instrument in the field according to ISO 9847 

6  lifetime 
assessment 

judge if the instrument should be reliable for another 2 years, 
or if it should be replaced 

7 6 years parts 
replacement 

if applicable / necessary replace the parts that are most 
exposed to weathering; cable, cable gland, sun screen.  
NOTE: use Hukseflux approved parts only. 

8  internal 
inspection 

if applicable: open instrument and inspect / replace O-rings; 
dry internal cavity around the circuit board 

9  recalibration recalibration by side-by-side comparison to a higher standard 
instrument indoors  according to ISO 9847 or outdoors 
according to ISO9846 

http://www.hukseflux.com/


 

LP02 manual v1605     27/47 

7.2 Trouble shooting 

Table 7.2.1 Trouble shooting for LP02 
 
 
The sensor 
does not give 
any signal 

 
Check the electrical resistance of the sensor between the green  
(-) and white (+) wire. Use a multimeter at the 200 Ω range. Measure the sensor 
resistance first with one polarity, than reverse the polarity. Take the average 
value. The typical resistance of the wiring is 0.1 Ω/m. Typical resistance should be 
the typical sensor resistance of 40 to 60 Ω plus 1.5 Ω for the total resistance of 
two wires (back and forth) of each 5 m. Infinite resistance indicates a broken 
circuit; zero or a low resistance indicates a short circuit. 
Check if the sensor reacts to light: put the multimeter at its most sensitive range 
of DC voltage measurement, typically the 100 x 10-3 VDC range or lower. Expose 
the sensor to strong light source, for instance a 100 W light bulb at 1 x 10-1 m 
distance. The signal should read > 2 x 10-3 V now. Darken the sensor either by 
putting something over it or switching off the light. The instrument voltage output 
should go down and within one minute approach 0 V. 
Check the data acquisition by applying a 1 x 10-6 V source to it in the  
1 x 10-6 V range. 
 

 
The sensor 
signal is 
unrealistically 
high or low. 

 
Note that night-time signals may be negative (down to -5 W/m2 on clear windless 
nights), due to zero offset a. 
Check if the pyranometer has clean domes. 
Check the location of the pyranometer; are there any obstructions that could 
explain the measurement result. 
Check the orientation / levelling of the pyranometer. 
Check if the right calibration factor is entered into the algorithm. Please note that 
each sensor has its own individual calibration factor, as documented in its 
calibration certificate. 
Check if the voltage reading is divided by the calibration factor in review of the 
algorithm. 
Check the condition of the wiring at the logger. 
Check the cable condition looking for cable breaks. 
Check the range of the data logger; signal can be negative (this could be out of 
range) or the amplitude could be out of range. 
Check the data acquisition by applying a 1 x 10-6 V source to it in the 
1 x 10-6 V range. Look at the output. Check if the output is as expected. 
Check the data acquisition by short circuiting the data acquisition input with a 100 
Ω resistor. Look at the output. Check if the output is close to 0 W/m2. 
 

 
The sensor 
signal shows 
unexpected 
variations 

 
Check the presence of strong sources of electromagnetic radiation (radar, radio 
etc.) 
Check the condition of the shielding. 
Check the condition of the sensor cable. 
Check if the cable is not moving during the measurement 
 

 
The dome 
shows internal 
condensation 
 

 
Arrange to send the sensor back to Hukseflux for diagnosis. 
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7.3 Calibration and checks in the field 

Recalibration of field pyranometers is typically done by comparison in the field to a 
reference pyranometer. The applicable standard is ISO 9847 “International Standard- 
Solar Energy- calibration of field pyranometers by comparison to a reference 
pyranometer”. At Hukseflux an indoor calibration according to the same standard is used. 
 
Hukseflux recommendation for re-calibration: if possible, perform calibration indoor by 
comparison to an identical reference instrument, under normal incidence conditions. 
 
In case of field comparison; ISO recommends field calibration to a higher class 
pyranometer. Hukseflux suggests also allowing use of sensors of the same model and 
class, because intercomparisons of similar instruments has the advantage that they 
suffer from the same offsets. It is therefore just as good to compare to pyranometers of 
the same brand and type as to compare to an instrument of a higher class. ISO 
recommends to perform field calibration during several days; 2 to 3 days under cloudless 
conditions, 10 days under cloudy conditions. In general this is not achievable. In order to 
shorten the calibration process Hukseflux suggests to allow calibration at normal 
incidence, using hourly totals near solar noon. 
 
Hukseflux main recommendations for field intercomparisons are:  
 
1) to take normal incidence as a reference and not the entire day.  
2) to take a reference of the same brand and type as the field pyranometer or a 
pyranometer of a higher class, and  
3) to connect both to the same electronics, so that electronics errors (also offsets) are 
eliminated. 
4) to mount all instruments on the same platform, so that they have the same body 
temperature. 
5) assuming that the electronics are independently calibrated, to analyse radiation values 
at normal incidence radiation (possibly tilting the radiometers to approximately normal 
incidence); if this is not possible to compare 1 hour totals around solar noon for 
horizontally mounted instruments. 
6) for second class radiometers, to correct deviations of more than ± 10 %. Lower 
deviations should be interpreted as acceptable and should not lead to a revised 
sensitivity. 
7) for first class pyranometers, to correct deviations of more than ± 5 %. Lower 
deviations should be interpreted as acceptable and should not lead to a revised 
sensitivity. 
8) for secondary standard instruments, to correct deviations of more than ± 3 %. Lower 
deviations should be interpreted as acceptable and should not lead to a revised 
sensitivity.  
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7.4 Data quality assurance 

Quality assurance can be done by: 
 
• analysing trends in solar irradiance signal 
• plotting the measured irradiance against mathematically generated expected values 
• comparing  irradiance measurements between sites 
• analysis of night time signals 
 
The main idea is that one should look out for any unrealistic values. There are programs 
on the market that can automatically perform data screening. See for more information 
on such a program http://www.dqms.com.  
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8 LP02-TR 

8.1 Introduction LP02-TR 

As a special version of LP02, Hukseflux offers model LP02-TR: a second class 
pyranometer with 4-20 mA transmitter. 
 
LP02-TR is a solar radiation sensor that is applied in most common solar radiation 
observations. It  complies with the second class specifications of the ISO 9060 standard 
and the WMO Guide. LP02-TR pyranometer is widely used in (agro-)meteorological 
applications and for PV system performance monitoring. LP02-TR houses a 4-20 mA 
transmitter for easy read-out by dataloggers commonly used in the industry. 
 
Using LP02-TR is easy. The pyranometer can be connected directly to commonly used 
data logging systems. The irradiance in W/m2 is calculated by using the transmitter’s 
output. In LP02-TR’s standard configuration, the 4 to 20 mA output corresponds to a 
transmitted range of 0 to 1600 W/m2. This range can be adjusted at the factory upon 
request. 
 

 
 
Figure 8.1.1 LP02-TR second class pyranometer with 4-20 mA transmitter  
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Table 8.1.1 Specifications of LP02-TR  
 
LP02-TR SPECIFICATIONS  
  
Description second class pyranometer with 4-20 mA transmitter 
Transmitted range 0 to 1600 W/m2 
Output signal 4 to 20 x 10-3 A 
Principle 2-wire current loop 
Supply voltage 7.2 to 35 VDC 
Options adapted transmitted range 

longer cable, in multiples of 5 m 
 

 
For definition of pyranometer ISO 9060 specifications see the appendix. 
 
 
Table 8.1.2 Requirements for data acquisition and amplification equipment with the 
LP02–TR configuration 
 
 
Capability to  
- measure 4-20 mA or 
- measure currents or 
- measure voltages 
 

  
The LP02-TR has a 4-20 mA output. There are several 
possibilities to handle this signal. It is important to realise 
that the signal wires not only act to transmit the signal but 
also act as power supply.  
Some dataloggers have a 4-20 mA input. In that case the 
connection can be directly made. 
Some dataloggers have the capability to measure currents.  
In some cases the datalogger accepts a voltage input. 
Usually a 100 Ω precision resistor is used to convert the 
current to a voltage (this will then be in the 0.4 – to 2 VDC 
range). This resistor must be put in the + wire of the sensor. 
In the two latter cases the user must check that the low side 
of the input channel is connected to ground, and the high 
side to a positive voltage in the required range. 
See the chapter on LP02-TR’s electrical connections for 
wiring diagrams and electrical connections to am- and 
voltmeters. 
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8.2 Dimensions of LP02-TR 

 

 
 
 
Figure 8.2.1 Overview of LP02-TR: 
  
(1)  cable, (standard length 5 metres, optional longer cable) 
(2)  cable gland 
(3) thermal sensor with black coating  
(4) glass dome 
(5) sensor body 
(6)  transmitter housing 
(7)  levelling feet 
(8)  bubble level  

1

2

3 4

5

6
7

8
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Figure 8.2.2 Dimensions of LP02-TR in 10-3 m  

10
6

Ø 78

65

M5

M6

http://www.hukseflux.com/


 

LP02 manual v1605     34/47 

8.3 Electrical connection of LP02-TR 
 
In order to operate, a pyranometer should be connected to a measurement system, 
typically a so-called datalogger. LP02-TR operates on a supply voltage of 7.2 to 35 VDC. 
 
Table 8.3.1 The electrical connection of LP02-TR  
 
WIRE 
 

COLOUR MEASUREMENT SYSTEM 

Sensor output + White 
 

Voltage input + 

Sensor output - Green 
 

Voltage input - or ground 

Shield Black 
 

Analogue ground 

 
 
 

 
 
 
Figure 8.3.1 Electrical diagram of LP02-TR. The shield is connected to the sensor body. 
 
 
Table 8.3.2 Standard internal connection of LP02 at the internal printed circuit board 
 
SENSOR 
 

PRINTED CIRCUIT COLOUR CODE WIRE 

Plus (+) + White 
 

Minus (-) - Green 
 

Shield SH Bare metal 
 

 TR Not connected unless the sensor 
has a trimmed sensitivity or 
limited sensitivity range 
 

 
 
 
  

TR
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Figure 8.3.2 Electrical diagram of the connection of LP02-TR to a typical ammeter or 
datalogger with capacity to measure current signals. LP02-TR operates on a supply 
voltage of 7.2 to 35 VDC. 
 
 

 
 
Figure 8.3.3 Electrical diagram of the connection of LP02-TR to a typical voltmeter or 
datalogger with the capacity to measure voltage signals. Usually a 100 Ω shunt resistor 
(R) is used to convert the current to a voltage. LP02-TR operates on a supply voltage of 
7.2 to 35 VDC. 
 
  

TR sensor

white [+] green [–]

Aground

7.2 - 35 VDC

ammeter
I = 4 to 20 mA

black

TR sensor

white [+] green [–]

Vground

7.2 - 35 VDC

I = 4 to 20 mA

voltmeter
I = U/RR

black
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9 Appendices 

9.1 Appendix on cable extension / replacement 
 
The sensor cable can be removed and installed by the user provided that the cable is 
sealed at the sensor side against humidity ingress. Please consult Hukseflux for 
instructions on cable preparation or use Hukseflux-supplied parts. 
 
LP02 is equipped with one cable. Keep the distance between data logger or amplifier and 
sensor as short as possible. Cables act as a source of distortion by picking up capacitive 
noise. In an electrically “quiet” environment the LP02 cable can however be extended 
without problem to 100 meters. If done properly, the sensor signal, although small, will 
not significantly degrade because the sensor resistance is very low (so good immunity to 
external sources) and because there is no current flowing (so no resistive losses).  
Cable and connection specifications are summarised below. 
 
NOTE: the body of LP02 contains connector blocks that can be used for the internal 
connection of a new cable. See the chapter on electrical connections. Usually it is easier 
to connect a new extended cable inside the pyranometer body cable than to make a good 
(weatherproof) connection to an existing cable. 
 
Table 9.1.1 Preferred specifications for cable extension of LP02  
 
 
General 
 

 
please consult Hukseflux for instructions or use Hukseflux-supplied parts. 
 

 
Cable 

 
2-wire, shielded, with copper conductor  (at Hukseflux 3-wire shielded 
cable is used, of which only 2 wires are used)  
 

 
Sealing 
 

 
sealed at the sensor side against humidity ingress  

 
Core resistance 

 
< 0.1 Ω/m  
 

 
Outer diameter 
 

 
± 4 to 6 x 10-3 m (to fit cable gland)  
 

 
Length 

 
cables should be kept as short as possible, in any case the total cable 
length should be less than 100 m 
 

 
Outer sheet 

 
with specifications for outdoor use  
(for good stability in outdoor applications) 
 

 
Connection 

 
either solder the new cable core and shield to the original sensor cable, 
and make a waterproof connection using cable shrink, or use gold plated 
waterproof connectors. Always connect shield. 
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9.2 Appendix on tools for LP02 

Table 9.2.1 Specifications of tools for LP02 
 
 
tooling required for optional sun screen fixation and removal  

 
hex key 2 mm 
 

 
tooling required for cable gland fixation and removal 

 
spanner size mm 
 

 
tooling required for wire fixation and removal  
(internal wiring inside LP02 body) 
 

 
screwdriver blade width mm 

 

9.3 Appendix on spare parts for LP02 

• Levelling feet (set of 3) 
• LP02 cable (specify length in multiples of 5 m), sealed at one end 
• Cable gland LP02 
• O-ring LP02  
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9.4 Appendix on standards for classification and calibration 

Both ISO and ASTM have standards on instrument classification and methods of 
calibration. The World Meteorological Organisation (WMO) has largely adopted the ISO 
classification system. 
 
Table 9.4.1 Pyranometer standardisation in ISO and ASTM.  
 
STANDARDS ON INSTRUMENT CLASSIFICATION AND CALIBRATION 
 
ISO STANDARD 
 

EQUIVALENT ASTM STANDARD 
 

 
ISO 9060:1990 Solar energy -- Specification 
and classification of instruments for measuring 
hemispherical solar and direct solar radiation  
 

 
not available 
Comment: work is in progress on a new ASTM 
equivalent standard 

 
Comment: a standard “Solar energy --Methods 
for testing pyranometer and pyrheliometer 
characteristics” has been announced in ISO 
9060 but is not yet implemented. 
 

 
not available 

 
ISO 9846:1993 Solar energy -- Calibration of 
a pyranometer using a pyrheliometer  
 

 
ASTM G167 - 05 Standard Test Method for 
Calibration of a Pyranometer Using a 
Pyrheliometer 
 

 
ISO 9847:1992 Solar energy -- Calibration of 
field pyranometers by comparison to a 
reference pyranometer  
 

 
ASTM E 824 -10 Standard Test Method for 
Transfer of Calibration from Reference to Field 
Radiometers 
 
ASTM G207 - 11 Standard Test Method for 
Indoor Transfer of Calibration from Reference to 
Field Pyranometers 
 

 
ISO 9059:1990 Solar energy -- Calibration of 
field pyrheliometers by comparison to a 
reference pyrheliometer  
 

 
ASTM E 816 Standard Test Method for 
Calibration of Pyrheliometers by Comparison to 
Reference Pyrheliometers 
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9.5 Appendix on calibration hierarchy 

The World Radiometric Reference (WRR) is the measurement standard representing the 
SI unit of irradiance. It was introduced in order to ensure world-wide homogeneity of 
solar radiation measurements and is in use since 1980. The WRR was determined from 
the weighted mean of the measurements of a group of 15 absolute cavity radiometers 
which were fully characterised. It has an estimated accuracy of 0.3%. The WMO 
introduced its mandatory use in its status in 1979. 
The world-wide homogeneity of the meteorological radiation measurements is 
guaranteed by the World Radiation Center in Davos Switzerland, by maintaining the 
World Standard Group (WSG) which materialises the World Radiometric Reference. 
 
See http://www.pmodwrc.ch 
 
The Hukseflux standard is traceable to an outdoor WRR calibration. Some small 
corrections are made to transfer this calibration to the Hukseflux standard conditions: 
sun at zenith and 1000 W/m2 irradiance level. During the outdoor calibration the sun is 
typically at 20 to 40 ° zenith angle, and the total irradiance at a 700 W/m2 level. 
 
Table 9.5.1 Calibration hierarchy for pyranometers 
 
WORKING STANDARD CALIBRATION AT PMOD / WRC DAVOS 
 
 
Calibration of working standard pyranometers: 
Method: ISO 9846, type 1 outdoor. This working standard has an uncertainty “uncertainty of 
standard”. The working standard has been calibrated under certain “test conditions of the 
standard”. The working standard has traceability to WRR world radiometric reference. 
 
CORRECTION OF (WORKING) STANDARD CALIBRATION TO STANDARDISED 
REFERENCE CONDITIONS 
 
Correction from “test conditions of the standard” to “reference conditions” i.e. to normal 
incidence and 20 °C:  
Using known (working) standard pyranometer properties: directional, non linearity, offsets, 
temperature dependence). This correction has an uncertainty; “uncertainty of correction”. 
At Hukseflux we also call the working standard pyranometer “standard”. 
 
INDOOR PRODUCT CALIBRATION 
 
 
Calibration of products, i.e. pyranometers:  
Method: according to ISO 9847, Type IIc, which is an indoor calibration. 
This calibration has an uncertainty associated with the method. 
(In some cases like the BSRN network the product calibration is with a different method; for 
example again type 1 outdoor) 
 
CALIBRATION UNCERTAINTY CALCULATION 
 
 
ISO 98-3 Guide to the Expression of Uncertainty in Measurement, GUM Determination of 
combined expanded uncertainty of calibration of the product, including uncertainty of the 
working standard, uncertainty of correction, uncertainty of the method (transfer error). The 
coverage factor must be determined; at Hukseflux we work with a coverage factor k = 2. 
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9.6 Appendix on meteorological radiation quantities 

A pyranometer measures irradiance. The time integrated total is called radiant exposure. 
In solar energy radiant exposure is often given in W∙h/m2. 
 
Table 9.6.1 Meteorological radiation quantities as recommended by WMO (additional 
symbols by Hukseflux Thermal Sensor). POA stands for Plane of Array irradiance. The 
term originates from ASTM and IEC standards. 
 
SYMBOL DESCRIPTION CALCULATION UNITS ALTERNATIVE 

EXPRESSION 
        
E↓ downward irradiance E↓ = Eg ↓ + El↓ W/m2    

H↓ downward radiant exposure 
for a specified time interval 

H↓ = Hg↓ + Hl ↓ J/m2    

E↑ upward irradiance E↑ = Eg ↑ + El ↑ W/m2    

H↑ upward radiant exposure 
for a specified time interval 

H↑ = Hg↑ + Hl ↑ J/m2 W∙h/m2 Change of 
units 

E direct solar irradiance 
normal to the apparent 
solar zenith angle 

 W/m2 DNI Direct 
Normal 
Irradiance 

E0 solar constant  W/m2    

Eg ↓ h global irradiance; 
hemispherical irradiance on 
a specified, in this case 
horizontal surface.* 

Eg↓ = E cos θh  + Ed↓ W/m2 GHI Global 
Horizontal 
Irradiance 

Eg ↓ t global irradiance; 
hemispherical irradiance on 
a specified, in this case 
tilted surface.* 

Eg ↓ = E∙cos θt  +  
Ed ↓ t +  Er↑ t  *** 

W/m2 POA Plane of 
Array 

Ed ↓ downward diffuse solar 
radiation 

 W/m2 DHI Diffuse 
Horizontal 
Irradiance 

El ↑, El ↓ upward / downward long-
wave irradiance 

 W/m2    

Er↑ reflected solar irradiance  W/m2    

E* net irradiance E* = E↓ – E↑ W/m2    

        
T↓ apparent surface 

temperature** 
 ºC or K    

T↑ apparent sky 
temperature** 

 ºC or K    

SD sunshine duration  h   
 
θ is the apparent solar zenith angle θh relative to horizontal, θt relative to a tilted surface  
g = global, l = long wave, t = tilted *, h = horizontal* 
*  distinction horizontal and tilted from Hukseflux,  
**  T symbols introduced by Hukseflux,  
***  contributions of Ed ↓ t and Er↑ t are Ed ↓ and Er↑  both corrected for the tilt angle of the 
surface  

http://www.hukseflux.com/
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9.7 Appendix on ISO and WMO classification tables 

Table 9.7.1 Classification table for pyranometers per ISO 9060 and WMO.  
NOTE: WMO specification of spectral selectivity is different from that of ISO. Hukseflux 
conforms to the ISO limits. WMO also specifies expected accuracies. ISO finds this not to 
be a part of the classification system because it also involves calibration. Please note that 
WMO achievable accuracies are for clear days at mid latitudes and that the uncertainty 
estimate does not include uncertainty due to calibration*. 
 
ISO CLASSIFICATION** TABLE 
 
ISO CLASS SECONDARY 

STANDARD 
FIRST CLASS SECOND 

CLASS 
Specification limit    
Response time (95 %) 15 s 30 s 60 s 
Zero offset a (response to 200 W/m2 net 
thermal radiation) 

+ 7  W/m2 + 15  W/m2 + 30  W/m2 

Zero offset b (response to 5 K/h in ambient 
temperature) 

± 2 W/m2 ± 4 W/m2 ± 8 W/m2 

Non-stability (change per year) ± 0.8 % ± 1.5 % ± 3 % 
Non-linearity (100 to 1000 W/m2) ± 0.5 % ± 1 % ± 3 % 
Directional response ± 10 W/m2 ± 20 W/m2 ± 30 W/m2 

Spectral selectivity  (350 to 1 500 x 10-9 m)  
(WMO 300 to 3 000 x 10-9 m) 

± 3 % ± 5 % ± 10 % 

Temperature response (interval of 50 K)** 2 % 4 % 8 % 
Tilt response  
(0 to 90 ° at 1000 W/m2) 

± 0.5 % ± 2 % ± 5 % 

ADDITIONAL WMO SPECIFICATIONS 
 

   

WMO CLASS  HIGH QUALITY GOOD QUALITY MODERATE 
QUALITY 

WMO: achievable accuracy for daily sums* 2 % 5 % 10 % 
WMO: achievable accuracy for hourly sums* 3 % 8 % 20 % 
WMO: achievable accuracy for minute sums* not specified not specified  not specified 
WMO: resolution  
(smallest detectable change) 

1  W/m2 5  W/m2 10  W/m2 

CONFORMITY TESTING*** 
 

   

ISO 9060 individual 
instrument only: 
all specs must 
comply 

group 
compliance 

group 
compliance 

    
* WMO 7.2.1: The estimated uncertainties are based on the following assumptions: (a) 
instruments are well-maintained, correctly aligned and clean; (b) 1 min and 1 h figures 
are for clear-sky irradiances at solar noon; (c) daily exposure values are for clear days at 
mid-latitudes. WMO 7.3.2.5: Table 7.5 lists the expected maximum deviation from the 
true value, excluding calibration errors. 
** At Hukseflux we use the expression ± 1 % instead of a range of 2 %. 
*** an instrument is subject to conformity testing of its specifications. Depending on the 
classification, conformity compliance can be proven either by group- or individual 
compliance. A specification is fulfilled if the mean value of the respective test result does 
not exceed the corresponding limiting value of the specification for the specific category 
of instrument.  
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9.8 Appendix on definition of pyranometer specifications 

Table 9.8.1 Definition of pyranometer specifications  
 
SPECIFICATION DEFINITION SOURCE 

 
Response time  
(95 %) 

time for 95 % response. The time interval between the instant 
when a stimulus is subjected to a specified abrupt change and the 
instant when the response reaches and remains within specified 
limits around its final steady value.The response time is a measure 
of the thermal inertia inherent in the stabilization period for a final 
reading. 

ISO 
9060-
1990 
WMO 
1.6.3 

Zero offset a:  
(200 W/m2  net 
thermal  
radiation ) 

response to 200 W/m2  net thermal radiation (ventilated).  
Hukseflux assumes that unventilated instruments have to specify 
the zero-offset in unventilated – worst case – conditions. 
Zero offsets are a measure of the stability of the zero-point. 
Zero offset a is visible at night as a negative offset, the instrument 
dome irradiates in the far infra red to the relatively cold sky. This 
causes the dome to cool down. The pyranometer sensor irradiates 
to the relatively cool dome, causing a negative offset. Zero offset 
a is also assumed to be present during daytime. 

ISO 
9060-
1990 

Zero offset b:  
(5 K/h in ambient 
temperature) 

response to 5 K/h change in ambient temperature. 
Zero offsets are a measure of the stability of the zero-point. 

ISO 
9060-
1990 

Non-stability  
(change per 
year) 

percentage change in sensitivity per year. The dependence of 
sensitivity resulting from ageing effects which is a measure of the 
long-term stability. 

ISO 
9060-
1990 

Non-linearity  
(100 to 1000 
W/m2) 

percentage deviation from the sensitivity at 500 W/m2  due to the 
change in irradiance within the range of 100 W/m2  to 1000 W/m2.  
Non-linearity has an overlap with directional response, and 
therefore should be handled with care in uncertainty evaluation.  

ISO 
9060-
1990 

Directional 
response 

the range of errors caused by assuming that the normal incidence 
sensitivity is valid for all directions when measuring from any 
direction a beam radiation whose normal incidence irradiance is 
1000 W/m2 . Directional response is a measure of the deviations 
from the ideal “cosine behaviour” and its azimuthal variation. 

ISO 
9060-
1990 

Spectral 
selectivity  (350 
to 1500 x 10-9 m)  
(WMO 300 to 
3000 x 10-9 m) 

percentage deviation of the product of spectral absorptance and 
spectral transmittance from the corresponding mean within 350 x 
10-9 m to 1500 x 10-9 m and the spectral distribution of irradiance. 
Spectral selectivity is a measure of the spectral selectivity of the 
sensitivity. 

ISO 
9060-
1990 

Temperature 
response 
(interval of 50 K) 

percentage deviation of the sensitivity due to change in ambient 
temperature within an interval of 50 K the temperature of the 
pyranometer body. 

ISO 
9060-
1990 

Tilt response  
(0° to 90° at 
1000 W/m2) 

percentage deviation from the sensitivity at 0° tilt (horizontal) due 
to change in tilt from 0° to 90° at 1000 W/m2  irradiance. Tilt 
response describes changes of the sensitivity due to changes of 
the tilt angle of the receiving surface. 

ISO 
9060-
1990 

Sensitivity the change in the response of a measuring instrument divided by 
the corresponding change in the stimulus. 

WMO 
1.6.3 

Spectral range the spectral range of radiation to which the instrument is 
sensitive. For a normal pyranometer this should be in the 0.3 to 3 
x 10-6 m range. Some pyranometers with coloured glass domes 
have a limited spectral range.  
 

Hukseflux 
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9.9 Appendix on terminology / glossary 

Table 9.9.1 Definitions and references of used terms 
 
TERM DEFINITION (REFERENCE) 

 
Solar energy 
or solar 
radiation 

solar energy is the electromagnetic energy emitted by the sun. Solar energy is 
also called solar radiation and shortwave radiation. The solar radiation incident 
on the top of the terrestrial atmosphere is called extra-terrestrial solar radiation; 
97 % of which is confined to the spectral range of 290 to 3 000 x 10-9 m. Part of 
the extra-terrestrial solar radiation penetrates the atmosphere and directly 
reaches the earth’s surface, while part of it is scattered and / or absorbed by the 
gas molecules, aerosol particles, cloud droplets and cloud crystals in the 
atmosphere. The former is the direct component, the latter is the diffuse 
component of the solar radiation. (ref: WMO, Hukseflux) 

Hemispherical 
solar radiation 

solar radiation received by a plane surface from a 180 ° field of view angle (solid 
angle of 2 π sr).(ref: ISO 9060)  

Global solar 
radiation 

the solar radiation received from a 180 ° field of view angle on a horizontal 
surface is referred to as global radiation. Also called GHI. This includes radiation 
received directly from the solid angle of the sun’s disc, as well as diffuse sky 
radiation that has been scattered in traversing the atmosphere. (ref: WMO) 
Hemispherical solar radiation received by a horizontal plane surface.  
(ref: ISO 9060) 

Plane-of-array 
irradiance 

also POA: hemispherical solar irradiance in the plane of a PV array. 
(ref: ASTM E2848-11 / IEC 61724) 
 

Direct solar 
radiation 

radiation received from a small solid angle centred on the sun’s disc, on a given 
plane. (ref: ISO 9060) 

Terrestrial or 
Longwave 
radiation 

radiation not of solar origin but of terrestrial and atmospheric origin and having 
longer wavelengths (3 000 to 100 000 x 10-9 m). In case of downwelling El ↓ also 
the background radiation from the universe is involved, passing through the 
”atmospheric window”. In case of upwelling El ↑, composed of long-wave 
electromagnetic energy emitted by the earth’s surface and by the gases, aerosols 
and clouds of the atmosphere; it is also partly absorbed within the atmosphere. 
For a temperature of 300 K, 99.99 % of the power of the terrestrial radiation has 
a wavelength longer than 3 000 x 10-9 m and about 99 per cent longer than  
5 000 x 10-9 m. For lower temperatures, the spectrum shifts to longer 
wavelengths. (ref: WMO) 

World 
Radiometric 
Reference 
(WRR) 

measurement standard representing the Sl unit of irradiance with an uncertainty 
of less than ± 0.3 % (see the WMO Guide to Meteorological Instruments and 
Methods of Observation, 1983, subclause 9.1.3). The reference was adopted by 
the World Meteorological Organization (WMO) and has been in effect since 1 July 
1980. (ref: ISO 9060) 

Albedo ratio of reflected and incoming solar radiation. Dimensionless number that varies 
between 0 and 1. Typical albedo values are: < 0.1 for water, from 0.1 for wet 
soils to 0.5 for dry sand, from 0.1 to 0.4 for vegetation, up to 0.9 for fresh snow.  

Angle of 
incidence  

angle of radiation relative to the sensor measured from normal incidence (varies 
from 0° to 90°). 

Zenith angle angle of incidence of radiation, relative to zenith. Equals angle of incidence for 
horizontally mounted instruments 

Azimuth angle angle of incidence of radiation, projected in the plane of the sensor surface. 
Varies from 0° to 360°. 0 is by definition the cable exit direction, also called 
north, east is + 90°. (ASTM G13-09) 

Sunshine 
duration 

sunshine duration during a given period is defined as the sum of that sub-period 
for which the direct solar irradiance exceeds 120 W/m2. (ref: WMO) 
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9.10 Appendix on conditions of sale: warranty and liability 

Delivery of goods is subject to Hukseflux General Conditions of Sale.  
Hukseflux has the following warranty and liability policy: 
 
Hukseflux guarantees the supplied goods to be new, free from defects related to bad 
performance of materials and free from faults that are clearly related to production and 
manufacturing. Warranty on products is valid until 24 months after transfer of ownership.  
The warranty does not apply if the application involves significant “wear and tear”, if it 
involves use outside the specified range of application, or if it involves accidental damage 
or misuse. The warranty expires when anyone other than Hukseflux makes modifications 
to or repairs the products. 
 
Hukseflux is in no event liable for damages, to its customers or anyone claiming through 
these customers, associated to the goods or services it supplies. 
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9.11 EC declaration of conformity  

 

 
 
 
We,    Hukseflux Thermal Sensors B.V. 
   Delftechpark 31 
   2628 XJ Delft 
   The Netherlands 
 
in accordance with the requirements of the following directive: 
 
2004/108/EC  The Electromagnetic Compatibility Directive 
 
hereby declare under our sole responsibility that: 
 
Product model: LP02  
Type:   Pyranometer 
 
has been designed to comply and is in conformity with the relevant sections and 
applicable requirements of the following standards: 
 
Emission:   EN 61326-1 (2006)  
Immunity:   EN 61326-1 (2006) 
Emission:   EN 61000-3-2 (2006) 
Emission:   EN 61000-3-3 (1995) + A1 (2001) + A2 (2005). 
 
 
 

 
 
Kees VAN DEN BOS 
Director 
Delft 
September 06, 2010 
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www.vaisala.com

WM30 Wind Sensor for Mobile Applications

The Vaisala Wind Sensor WM30 is a 
compact and economical wind speed 
and direction sensor. The rotating 
cup anemometer at the top of the unit 
provides a linear response to wind 
speed. The vane, which is attached to 
the body of the unit, provides a fast 
response to wind direction.

Accurate wind 
measurement
The shape, dimensions, and material 
of the cups contribute to accurate 
measurement. The cups are carefully 
tested to give linear response 
between the wind speed and the 
angular velocity of the cup wheel.

The wind vane is located directly 
beneath the cup assembly and 
is made of a durable, lightweight 
material that ensures fast response 
and low inertia.

The WM30 provides accurate wind measurement in a compact and economical 
package.

Flexible outputs
A relay contact output is provided 
for wind speed. The wind speed can 
be recorded either by counting the 
number of pulses within a fixed time 
period, or by measuring the time 
between successive pulses.

A potentiometer detects the position 
of the vane. The potentiometer 
features low starting and running 
torque, linear resistance and a 
long operation life. It has a single 
wiper with an open gap of less than 
5 degrees. With constant voltage 
supplied to the potentiometer, 
the output voltage is directly 
proportional to the azimuth angle.

Optimal for low-power 
applications
The electronics are designed 
specifically for applications where 
low power consumption is essential.

Built for harsh conditions
The cups and vane are made 
of reinforced PA plastic which 
guarantees a rigid structure even at 
the highest wind speeds.

The electronics are located inside 
an anodized aluminium core which 
creates not only a firm body, but 
a watertight enclosure for the 
electronics as well. This provides 
full protection against water, dust, 
pollutants and electromagnetic 
interference.

Easy installation
A mast adapter for a 30 mm tube 
is supplied with the sensor. An 
installation kit for larger tube 
diameters, 50 ... 110 mm, is available 
as an option.

Features/Benefits

▪ Combined wind speed 
and direction sensor with 
affordable price 

▪ Compact and light design is 
optimal for mobile applications

▪ Low power consumption

▪ Fast and linear response to 
wind

▪ Choice of one-wiper or two-
wiper potentiometer models



Technical data

Wind speed
Measurement range 0.5 ... 60 m/s
Starting threshold < 0.4 m/s
Distance constant 2 m
Transducer output 1 Hz ~ 0.7 m/s
Accuracy (within range 0.4 ... 60 m/s)

wind speed < 10 m/s ± 0.3 m/s
wind speed > 10 m/s ± 2%

Characteristic transfer function U = -0.24 + 0.699 × F
(where U = wind speed [m/s], F = output frequency [Hz])

Wind direction
Measurement range

WMS301 with 1-wiper potentiometer 0 ... 355°
WMS302 with 2-wiper potentiometer 0 ... 360°

Starting threshold < 1.0 m/s
Damping ratio 0.3
Overshoot ratio 0.4
Delay distance 0.6 m
Accuracy better than ±3°

Accessories
Mounting adapter WMS30KIT
Sensor connector 19370
Sensor connector and cable, 10 m 19904

General
Supply voltage 3 ... 15 VDC
Electrical connections 5-pin male with 12 mm threads
Recommended connector at cable end BINDER 99 1436 814 05
Operating temperature -40 ... +55 °C (-40 ... +131 °F)
Storage temperature -60 ... +65 °C (-76 ... +149 °F)
Material

housing AlMgSi, gray anodized
cups PA, reinforced with carbon fibre, black
vane PA, reinforced with fiberglass, white

Dimensions 265 (h) × 360 (Ø) mm
Weight 360 g

Ref. B210384EN-B ©Vaisala 2009
This material is subject to copyright protection, with all 
copyrights retained by Vaisala and its individual partners. All 
rights reserved. Any logos and/or product names are trademarks 
of Vaisala or its individual partners. The reproduction, transfer, 
distribution or storage of information contained in this brochure 
in any form without the prior written consent of Vaisala is strictly 
prohibited. All specifications — technical included — are subject 
to change without notice.

For more information, visit
www.vaisala.com or contact 
us at sales@vaisala.com

Test compliance
Wind tunnel tests ASTM standard method D5366-93

ASTM standard method D5096-90

Complies with EMC standard EN61326-1:1997 + Am1:1998 + 
Am2:2001; Generic Environment
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