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 WARRANTY AND ASSISTANCE 

 
 
This equipment is warranted by CAMPBELL SCIENTIFIC (CANADA) CORP. (“CSC”) to 
be free from defects in materials and workmanship under normal use and service for 

twelve (12) months from date of shipment unless specified otherwise.  ***** Batteries 

are not warranted. ***** CSC's obligation under this warranty is limited to repairing or 
replacing (at CSC's option) defective products.  The customer shall assume all costs of 
removing, reinstalling, and shipping defective products to CSC.  CSC will return such 
products by surface carrier prepaid.  This warranty shall not apply to any CSC products 
which have been subjected to modification, misuse, neglect, accidents of nature, or 
shipping damage. This warranty is in lieu of all other warranties, expressed or implied, 
including warranties of merchantability or fitness for a particular purpose.  CSC is not 
liable for special, indirect, incidental, or consequential damages. 
 
Products may not be returned without prior authorization.  To obtain a Return 
Merchandise Authorization (RMA), contact CAMPBELL SCIENTIFIC (CANADA) CORP., 
at (780) 454-2505.  An RMA number will be issued in order to facilitate Repair Personnel 
in identifying an instrument upon arrival.  Please write this number clearly on the outside 
of the shipping container.  Include description of symptoms and all pertinent details. 
 
CAMPBELL SCIENTIFIC (CANADA) CORP. does not accept collect calls. 
 
Non-warranty products returned for repair should be accompanied by a purchase order to 
cover repair costs. 
 
 
 
 
 
 
 
 

 
 
 



PLEASE READ FIRST 

About this manual 

Please note that this manual was originally produced by Campbell Scientific Inc. (CSI) primarily 

for the US market. Some spellings, weights and measures may reflect this origin. 

Some useful conversion factors: 

Area:   1 in2
 (square inch) = 645 mm

2

Length:   1 in. (inch) = 25.4 mm 

   1 ft (foot) = 304.8 mm 

   1 yard = 0.914 m 

   1 mile = 1.609 km 

Mass:   1 oz. (ounce) = 28.35 g 

   1 lb (pound weight) = 0.454 kg 

Pressure:  1 psi (lb/in2) = 68.95 mb 

Volume:   1 US gallon = 3.785 litres 

In addition, part ordering numbers may vary. For example, the CABLE5CBL is a CSI part 

number and known as a FIN5COND at Campbell Scientific Canada (CSC). CSC Technical 

Support will be pleased to assist with any questions. 
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1.  General Description 
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FIGURE 1-1.  The CS700 (left) and CS700H (right). 

2.  Specifications 
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2.1  Heated Rain Gage 
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FIGURE 2-1.  Heater Operation 
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2.1.1  Phoenix Contact Power Supply (AC option only) 
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FIGURE 3-1.  CM240 Mounting Bracket 
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FIGURE 3-2.  Typical Rain Gage Installation 
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FIGURE 3-3.  Pedestal Base Options 

3.3  Leveling 
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FIGURE 3-4.  Main Components of the CS700 

3.4  CS700H Phoenix Contact Power Supply (-AC option) 
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4.1  CS700 Connections 
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FIGURE 4-1.  Rain Gage Schematic 
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4.2  CS700H Heated Rain Gage Connections 
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FIGURE 4-2.  Phoenix Contact Power Supply 
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5.  Datalogger Programming 
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5.1  CS700 Programming 
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5.1.1  CS700 Pulse Channel Example Programs 
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5.1.1.2  CR200(X) Series Pulse Channel Example 
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5.1.1.3  CR10X Pulse Channel Example 
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5.1.2  Control Port Example Programs 
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5.1.2.2  CR200(X) Series Control Port Example 
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5.1.2.3  CR10X Control Port Example 
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5.2  CS700H Programming 
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6.  Troubleshooting 

6.1  Precipitation 
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7.  Maintenance 
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7.1  Dismantling for Cleaning 
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FIGURE 7-1.  Components of CS700 Base 
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Do not twist the filter/siphon assembly while pushing and 
pulling. 
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FIGURE 7-2.  Dismantling the Filter/Siphon Assembly 

CAUTION 
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FIGURE 7-3.  Filter/Siphon Assembly 
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7.2  Reassembling the CS700 
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Do not over tighten. 
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Do not twist the filter/siphon assembly while putting it back 
into place. 
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FIGURE 7-4.  Reassembling the CS700 
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8.  Calibration 
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Appendix A.  CS700H Operation 
Factory settings have been set to adequately measure 
precipitation during cold precipitation events.  Changing 
these settings is not recommended, and doing so may 
change the data outcome or render the sensor inoperable. 

CAUTION 

Table A-1 shows the CS700H’s factory defaults: 

TABLE A-1.  CS700H Default Values 

External Control Off (=> Auto) (X20 Command) = 0 

Snow Sensor Enabled  (X22 Command) = 1 

Active On Temperature +4°C  (X23 Command) 

Active Off Temperature+5°C  (X24 Command) 

Low Off Temperature –20°C   (X25 Command) 

Funnel Set Point Temp +10°C (X26 Command) 

Snow Run-On Time 18 mins   (X27 Command) 

Units °C  (X28 Command) = 0 

 

 

FIGURE A-1.  Locations of the CS700H’s Heater Components 
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Appendix A.  CS700H Operation 

When the CS700H is “not Active” the status LED flashes every 1.5 seconds. 

When the ambient temperature sensor detects the temperature falling below the 

“Active On temperature” (+4°C) then the system becomes “Active” and the 

snow sensor is enabled (see Figure A-2).  The status LED flashes slightly 

faster at 2 flashes per second–indicating the system is active. 

When the proximity sensor detects snow (for 5 seconds continuously), the 

heater elements are turned on and the block temperature sensor is monitored. 

The heaters are controlled so that the temperature inside the funnel reaches the 

Set Point temperature (+10°C). 

The actual block temperature will be higher than the set point as 

substantial heat is dissipated. 

NOTE 

The lower heating block keeps the tipping bucket and the drain tubes from 

freezing up. While the heater elements are turned on, the status LED flashes 

even faster at eight flashes per second. 

 

FIGURE A-2.  Diagram Depicting Overall Operation 
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When snow is last detected, a timer is left running, to keep the heater cycling 

so that any snow built up on the funnel will be melted.  This “Snow Run-on” 

timer is factory preset to 18 minutes but may be extended as required. 

The heater will cycle on and off for this “Run-on” time OR while ever snow is 

detected (see Figure A-3). 

 

FIGURE A-3.  Diagram showing how the “Snow Run-On” timer 
controls the heater. 

A.1  High Power Operation 
If the snow sensor is disabled (X22 command set to 0), the heater will cycle 

continually when the ambient temperature falls below the “Active On” 

temperature (X23 command) and is above the Low Off Temperature (X25 

command).  This assumes the system is active. Because this mode consumes 

more power, high power operation is only recommended when the CS700H 

uses AC power. 

A.2  External Control 
The CS700H is set to by default to Automatic control – where the CS700H 

monitors the ambient temperature and the snow sensor and operates the heater 

automatically. Dataloggers in weather stations that monitor the ambient 

temperature and the snowfall can control the tipping bucket heaters directly. 

Simply set the X20 command to 1 for External Control, and then use the X29 

command to enable the heaters to cycle on/off (=1) or disable the cycling (=0).  

The ambient temperature, block temperature, snow sensor and state of the 

heaters can be measured using the M, R or the C command, as normal.  

The Setpoint Temperature is the required temperature of the 

funnel – and not the block temperature read from M and the R 

command. The relationship between the funnel temperature, 

block temperature and ambient temperature has been determined 

through extensive testing. 

NOTE 

There is an alternate external control mode, whereby the controlling system 

can actually turn the heating elements on and off.  This is done using the X21 

command, with heater “on” (=1) and heater “off” (=0).  

If the heating elements are left turned on, the funnel 
temperature may reach a point where the snow evaporates 
before it hits the funnel! 

CAUTION 
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A.3  Status LED 
The Status LED, within the ambient temperature sensor probe, flashes to 

indicate the mode that the CS700H is in (see Table A-2). 

TABLE A-2.  Status LEDs 

Mode    Flash Rate  Description 

Long Flash  LED on for 0.5 sec  Controller powering up. 

Slow Flash  1 flash every 1.5 secs   In standby mode waiting for a 

heating cycle. 

Medium Flash 2 flashes per second Within a Heating Cycle and the 

Heating Elements are presently 

turned OFF. Waiting for snow to 

be present before turning on 

heaters. 

Fast Flash  8 flashes per second  Within a Heating Cycle and the 

Heating elements are presently 

turned ON. 

 

A.4  Snow Sensor 
The snow sensor is actually a capacitive proximity sensor that registers any 

material object within a few mm range.  The sensor’s power is turned on and 

off to conserve power.  Table A-3 lists the conditions in which power is 

applied. 

The state of the snow sensor (snow detected) is read using the Measure (aM!) 

and Data (aD0!) commands (4th value). 

The snow sensor must detect snow continuously for 5 seconds 

before the detected flag is set to “1”. And conversely, snow must 

be absent for 5 seconds continuously before the detected flag is 

reset to “0”.  This process prevents a premature heating cycle 

when in the automatic mode. 

NOTE 
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TABLE A-3.  Snow Sensor Power Options 

Mode (X20 

command) 

Snow Enabled  

X22 command  

 

Description 

0 Snow sensor doesn’t have power 

applied. Cannot detect real snow; 

however it indicates snow is always 

present. 

Auto 

1 Snow sensor only has power applied 

when the Ambient temperature is below 

the Active On temperature. Can only 

detect snow when temperature is in this 

range.  

0 Snow sensor doesn’t have power 

applied. Cannot detect real snow, 

however it indicates snow is always 

present.  

Manual 

1 Snow sensor always has power applied, 

and can detect snow at any time. 

 

A.5  SDI-12 Interface 
You may use the SDI-12 capabilities to communicate with the microprocessor 

in the rain gage.  This mode is enacted on each command by proceeding each 

SDI-12 command with an ascii ‘*’ rather than a “break’. When the ascii ‘*’ is 

detected, all of the timing/break requirements of the SDI-12 are removed. 

Commands may be entered in a datalogger program or from a terminal 

program such as “Hyperterminal”.   

You must use 1200 baud, 7 bits, even parity and no 

handshaking.  The “a” is the sensor address in the displayed 

commands. By default, the CS700H is set to address “0”. 

NOTE 
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TABLE A-4.  SDI-12 V1.2 COMPLIANT COMMAND SET –  

Go to www.sdi-12.org  

Name Command Response 

Break  Continuous 

spacing for 

at least 12 

milliseconds 

None 

Acknowledge 

Active    

a!  a<CR><LF> 

Send 

Identification  

aI!  allccccccccmmmmmmvvvxxx...xx<CR><LF> 

(see Note 1.) 

Change 

Address  

aAb!  b<CR><LF> 

Address 

Query  

?!  a<CR><LF> 

Start 

Measurement  

aM!  atttn<CR><LF> a0009 => (9 measurements in 

0 secs) 

Send Data  aD0!  (Response from Measurement and Concurrent 

commands; see to Note 4) 

a<value1><value2> ….. <value8><CR><LF>

value1 = Ambient temperature (°C or °F) 

value2 = Block temperature (°C or °F) 

value3 = Units (0=°C : 1=°F) 

value4 = 0=no snow : 1=snow detected 

value5 = 0=Snow sensor disabled : 1=enabled 

value6 = 0=Heater Off : 1=Heater elements on

value7 = 0=Automatic Control : 1=Manual 

Control 

value8 = 0=Cycle Disabled : 1=Cycle Enabled

value9 = Low Power Heater cycle time left 

(mins) 

Continuous 

Measurement  

aR0!  Same reply as the D command 

Start 

Verification  

aV!  Atttn<CR><LF> (see Note 2) 

Start 

Concurrent 

Measurement  

aC!  atttnn<CR><LF> a00009 =>(9 measurements 

in 0 secs) 
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Notes:  

 

(1) Identification has the following syntax: 

 

a12HydrServTBHeat4.112345<CR><LF> 

  --  ------------ --------- --- ------ 

|  |          |               |        |      | 

|  |          |               |        |      ----- 5 digit Sensor ID (eg 12345)(as set in aX4 command) 

|  |          |               |       ----------- S/W Revision (eg 4.1) 

|  |          |               ----------------- Manufacturer’s Model Name (TBHeat) 

|  |          ----------------------------- Manufacturer’s ID (HydrServ) 

|  ------------------------------------- SDI-12 Version V1.2 Compliant 

--------------------------------------- Unit Address 

 

(2) The measurement command “M” and the concurrent command “C” will both return a time “ttt” of 000 

indicating that the measurement will be ready in 0 seconds (immediately). 

 

(3) With the initiate verification command (aV!), the CS700H returns a0001<CR><LF> indicating that there 

is 1 measurement available and it will be ready in 0 seconds. When the Data command aD0! is issued the 

CS700H will reply with: 

 

a+0<CR><LF> 

 

(4) Data Command Reply has the following syntax 

 

0-06.5+33.3+0+1+1+0+0+0+05<CR><LF> 

--  ----  ------  -- --  -- --  --  --  -- 

 |      |        |     |    |   |   |    |    |    | 

 |      |        |     |    |   |   |    |    |    ------------- Heater Cycle Time Left 

 |      |        |     |    |   |   |    |    | (5 mins in this example) (only in Automatic Control mode) 

 |      |        |     |    |   |   |    |    ---------------- Cycle 0=> Disabled : 1=> Enabled (only in Manual Control) 

 |      |        |     |    |   |   |    | (Only in S/W Rev 4.1 and above See X29 Command) 

 |      |        |     |    |   |   |    -------------------- Control 0=> Automatic : 1=> Manual (See X20 Command) 

 |      |        |     |    |   |   ------------------------ Heater Elements 0=> Power Off : 1=> Power On 

 |      |        |     |    |   --------------------------- Snow Sensor 0=> Disabled : 1=> Enabled (See X22 Command) 

 |      |        |     |    ----------------------------- Snow 0=>No Snow : 1=> Snow Detected 

 |      |        |     --------------------------------- Units 0=> °C : 1=> °F (See X28 Command) 

 |      |        ------------------------------------- Block Temperature +33.3°C 

 |      -------------------------------------------- Ambient Temperature –6.5°C 

 ------------------------------------------------- Unit Address (0 in this example) 

A.5.1  Special – X Commands 
The SDI-12 X commands allow device specific data to be read and set. The 

following commands are unique to the CS700H. 

In the following commands “a” is the address of the CS700H – 

set to “0” at the factory 
NOTE 
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TABLE A-5.  Special X Commands 

User ID 

aX04! 

aX04+12345! 

– X04 Command 

Get the transducer ID using the aD0! Command 

Set the transducer ID to 12345. Acceptable values 0-65535. 

This value appears in the Identify command. 

External Control 

aX20! 

aX20+0! 

aX20+1! 

– X20 Command 

Get the heater state using the aD0! Command 

Set the Heater Control state to 0 => Heater Elements Off 

Set the Heater Control state to 1 => Heater Elements On 

(Changing this state forces X29 Cycle Enable to 0=>disabled) 

Heater Control 

aX21! 

aX21+0! 

aX21+1! 

– X21 Command (Only operates if “External Control” set to 1) 

Get the heater state using the aD0! Command 

Set the Heater Control state to 0 => Heater Elements Off 

Set the Heater Control state to 1 => Heater Elements On 

(Changing this state forces X29 Cycle Enable to 0=>disabled) 

Snow Sensor Enabled 

aX22! 

aX22+0! 

 

 

 

aX22+1! 

– X22 Command 

Get the snow sensor enabled state using the aD0! Command 

Set the Snow Sensor Enable state to 0 => Snow sensor Disabled (When snow 

sensor is disabled, the unit reports snow as detected to force a heating cycle 

when the ambient is less than the active on temperature when in automatic 

mode) 

Set the Snow Sensor Enable state to 1 => Snow Sensor Enabled 

ActiveOn Temperature 

aX23! 

aX23+04.0! 

aX23+39.2! 

– X23 Command 

Get the ActiveOn temperature using the aD0! Command 

Set the ActiveOn temperature to +4.0°C (if X28 set to 0) 

Set the ActiveOn temperature to +39.2°F (if X28 set to 1) 

ActiveOff Temperature 

aX24! 

aX24+05.0! 

aX24+41.0! 

– X25 Command 

Get the LowOff temperature using the aD0! Command 

Set the LowOff temperature to -20.0°C (if X28 set to 0) 

Set the LowOff temperature to -4.0°F (if X28 set to 1) 

LowOff Temperature 

aX25! 

aX25-20.0! 

aX25-04.0! 

– X25 Command 

Get the LowOff temperature using the aD0! Command 

Set the LowOff temperature to -20.0°C (if X28 set to 0) 

Set the LowOff temperature to -4.0°F (if X28 set to 1) 

SetPoint Temperature 

aX26! 

aX26+10.0! 

aX26+50.0! 

– X26 Command 

Get the funnel SetPoint temperature using the aD0! Command 

Set the funnel SetPoint temperature to +10.0°C (if X28 set to 0) 

Set the funnel SetPoint temperature to +50.0°F (if X28 set to 1) 

Snow Run-On Time 

aX27! 

aX27+18! 

– X27 Command 

Get the “Snow Run-on” time after snow is detected using aD0! 

Set the “Snow Run-on” time to 18 mins 

Celcuis / Farenheit 

aX28! 

aX28+0! 

aX28+1! 

– X28 Command 

Get the °C / °F state using the aD0! Command 

Set to Celcius (data = 0) 

Set to Farenheit (data = 1) 
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Cycle Enable 

aX29! 

aX29+0! 

aX29+1! 

– X29 Command (Only operates if “External Control” set to 1) 

Get the Cycle Enable state using the aD0! Command 

Set the Cycle Enable state to 0 => Heating Cycle Off 

Set the Cycle Enable state to 1 => Heating Cycle On 

(Changing this state forces X21 Heater Control to 0=> Off) 

(This command is only available in S/W Rev 4.1 and above) 

Preset / Calibrate Ambient 

Temperature Sensor 

aX91! 

aX91+22.3! 

aX91+72.1! 

– X91 Command 

 

Get the Ambient temperature sensor using the aD0! Command 

Set the Ambient temperature sensor to +22.3°C (if X28 set to 0) 

Set the Ambient temperature sensor to +72.1°F (if X28 set to 1) 

Preset / Calibrate Funnel 

Temperature Sensor 

aX92! 

aX92+18.6! 

aX92+65.5! 

– X92 Command 

 

Get the Funnel temperature sensor using the aD0! Command 

Set the Funnel temperature sensor to +18.6°C (if X28 set to 0) 

Set the Funnel temperature sensor to +65.5°F (if X28 set to 1) 

Set Factory Defaults 

aX99+1! 

– X99 Command 

Set the factory defaults (only when data is +1) 
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A.5.2  Operating Modes 
The CS700H can be put into Automatic or Manual Operation Modes.  Table 

A-6 describes how the modes are entered and the operation of the modes. 

TABLE A-6.  Operating Modes 

Auto/ 

Manual  

X20 

Cycle  

Enable 

X29 

Heater 

On/Off 

X21 

Snow 

Enabled 

X22 

 

 

Snow  

 

 

Description 

0  X  X  1  0 / 1  Auto Mode :  

When the Ambient temperature falls below the 

Active On temperature X23, and Snow is 

detected, then a Heating Cycle is started. (That 

is, the heater elements are switched on and off to 

keep inside the funnel at the SetPoint 

temperature X26.)  This is a low power mode, as 

the heater cycle only begins when snow is 

detected ! 

0  X  X  0  1  Auto Mode :   

Same as above, but because the snow sensor is 

disabled the snow detected flag is always set.  

The Heating Cycle is started when the Ambient 

temperature fall below the Active On 

temperature X23.  This mode uses more power 

and should only be used when the system is 

supplied by mains power. 

1  0 / 1  0  X  X  Manual Mode :   

The Cycle Enable flag X29 is used to force a 

Heating Cycle.  This is set or cleared by another 

system at the site – as it determines whether 

heating is required.  When the Cycle Enable flag 

is “0” the heaters are off.  When the Cycle 

Enable flag is “1” then the Heating Cycle is 

started. (That is, the heater elements are 

switched on and off to keep inside the funnel at 

the SetPoint temperature X26.)  The snow 

sensor state can be read using the measure/data 

commands, but its state is ignored when 

controlling the heaters. 

1  0  0 / 1  X  X  Manual Mode :   

The heater elements can be controlled directly 

with the Heater On/Off flag X21.   When the 

flag is “0” the heaters are off, and when the flag 

is “1” the heaters are on.  Note that the heaters 

must be cycled by the controlling system in 

order to control the funnel temperature.  This 

mode must be used with caution ! 

 

(X = Don’t Care) 
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A.5.3  Command Examples 
For the following examples, the SDI-12 address is set to “0”. 

<CR> = Carriage Return and <LF> = Line Feed NOTE 

A.5.3.1   Proving Communications is working 

Type *0! and you should get a “0 <CR> <LF>” reply, indicating that 

communications is operating correctly. 

A.5.3.2  Taking a Measurement 

Type *0M! and you will get “00009 <CR> <LF>“ reply indicating there are 

nine measurements ready in 0 secs 

Type *0D0! and you will get “0+03.5+14.2+0+1+1+1+0+0+00 <CR> <LF>” 

reply with the parameters “addr AmbientT BlockT Units Snow SnowEn Heater 

ExtCtrl CycEn TimeLeft” 

Refer to Table A-4 for details on these parameters. 

A.5.3.3  Example of Manual Mode Operation 

Type *0X20+1! to enter manual mode and you will get a “00001<CR><LF>” 

reply indicating there is 1 data value ready in 0 secs. 

Type *0X29+1! to start a heating cycle and you will get a “00001<CR><LF>” 

reply indicating there is 1 data value ready in 0 secs.  The heaters will start 

cycling on and off to keep inside the funnel at the Setpoint temperature X26.  

The status LED will flash medium (2 flashes/sec) when the heater elements are 

off and flash fast (8 flashes/sec) when the heater elements are on. 

Type *0X29+0! To stop a heating cycle and you will get a “00001<CR><LF>” 

reply indicating there is 1 data value ready in 0 secs.  The heaters will turn off 

and the status LED will slow flash (1 flash every 1.5 secs). 

Refer to Table A-4 for details of other commands. 
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