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PREFACE
Your decision to purchase from Electro-Chemical Devices, Inc. has provided you with the finest analytical

instrument available.  Before you install and commission this product, we highly recommend that you read

this instruction manual.  If this is your first purchase from ECD, we suggest that you obtain factory

authorized training for those products purchased.  At ECD, we believe our most knowledgeable customers

are our most valuable customers.

If there is any questions or comments contact ECD or visit our web sight at www.ecdi.com:
Electro-Chemical Devices, Inc.
23665 Via Del Rio
Yorba Linda, CA 92887
Phone 800-729-1333
Fax (714) 692-1222
Email: sales@ecdi.com

System C22, Installation and Operating Manual for Conductivity and Resistivity. Revised February 2007
© 2007 by Electro-Chemical Devices, Inc.

All rights reserved.  Printed in the United States of America.  No part of this manual may be used or reproduced in
any form or by any means, or stored in a database or retrieval system without prior written permission from Electro-
Chemical Devices, Inc.  Making copies of any part of this manual for any purpose other than personal use is a
violation of United States copyright laws.

Abbreviations used in this manual:
NEMA is an abbreviation for the National Electrical Manufacturers Association.
mS is an abbreviation for millisiemens.
µS is an abbreviation for microsiemens.
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WARRANTY

Electro-Chemical Devices, Inc. (ECD) warrants all products it manufactures to be free from defect in materials and factory
workmanship, and agrees to repair or replace any product that fails to perform, as specified, within one (1) year after date of
shipment.  This warranty shall not apply to any product that has been:

1. Subjected to misuse, negligence or accident;
2. Connected, installed, adjusted or otherwise used not in accordance with the instructions furnished by ECD;
3. Repaired, modified or altered by persons not authorized by ECD, resulting in injury to the performance, stability or reliability

of the product.

This warranty is in lieu of any other warranty, expressed or implied.  ECD reserves the right to make changes in the design or
construction of its products at any time, without prior notification, and without incurring any obligation to make any changes in
previously delivered products.

Seller's sole liabilities and the buyer's sole remedies under this agreement shall be limited to a refund in the purchase price, or at
ECD's discretion, to the repair or replacement of any product that proves, upon ECD's examination, to be defective, when
returned to the factory, transportation prepaid by the buyer, within one (1) year of the product's original shipment date.  Seller shall
not be liable for damages consequential or incidental to defects in any product, for failure of delivery in whole or in part, for injuries
resulting from its use, or for any other cause.

This warranty and the writing attached constitute the full understanding of seller and the buyer, and no terms, conditions,
understanding, or agreement purporting to modify or vary the terms hereof shall be binding unless hereafter made in writing and
signed by an authorized official of Electro-Chemical Devices, Inc.

This warranty does not cover pH, ORP or Specific Ion measurement, reference or combination electrodes or electrode
cartridges that have been commissioned in service.

IMPORTANT SERVICE INFORMATION
Use only factory authorized components for repair.  Tampering or unauthorized substitution of components may adversely affect
the operation of this product and may void the warranty.

If service or repair is required please obtain the serial number(s) or sales order number of the product(s) in question and call
ECD's Service Department at:

(800) 729-1333 or (714) 692-1333
or through the ECD web page and e-mail at service@ecdi.com

A Return Material Authorization (RMA) number must be obtained from the service department before returning any material to
ECD.  All material returned to ECD shall be shipped prepaid to the factory.

UNPACKING THE INSTRUMENT

Your Electro-Chemical Devices instrument has been carefully packaged to protect it from damage during shipment and dry
storage.  Upon receipt please follow the procedure outlined below.

1. Before unpacking, inspect the condition of the shipping container to verify proper handling by the carrier. If damage is noted,
save the shipping container as proof of mishandling for the carrier.

2. Check the contents of the shipping container with the items and quantities shown on the packing list.  Immediately report any
discrepancies to ECD.

3. Save the original packing material until you are satisfied with the contents.  In the event the transmitter must be returned to
ECD, the packing material will allow you to properly ship it to ECD.

4. Familiarize yourself with the instrument before installation, and follow proper installation and wiring procedures.
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1.0 GENERAL DESCRIPTION
The Electro-Chemical Devices' System C22-CDL (low range Conductivity), C22-CDH (high range Conductivity), C22-CDT (toroidal Conductivity)
and C22-RS (Resistivity) Controllers are microprocessor-based four-wire Receivers/Controllers for process control of Conductivity and Resistivity.
Incorporating microprocessor technology, the System C22 provides the following features:

Membrane Switches
Calibrations can be performed via membrane switches located on the front cover, removing the need to open the NEMA 4X enclosure and
exposing components to the environment.  No potentiometric adjustments are required. All adjustments and calibrations are software-based.

Digital Display
A back lit Graphics Display is used to display data and menus.

Automatic Calibration
This feature allows calibration points to be defined upon initialization of the transmitter.

Current Output
A standard System C22 is provided with a 4-20 mA current output.  The current output may be expanded to any range within the transmitter's full
operating range (see specifications).  The C22 allows the current output to be reverse acting; for example, a 4-20 mA output for a range of 0 to
1,000 µS can be reversed to 1,000 to 0 µS.

PID Output (Optional)
An optional PID output is available and provides a 4-20 mA, three-mode control signal.  Proportional band is adjustable from 0.1 to 1,000%.  Reset
and Rate are adjustable from 0.00 to 100 repeats per minute and 0.00 to 1,000 minutes, respectively.

Dual Output (Optional)
The standard C22 is provided with a single output; however, the dual output option provides a second output in either a 4-20 mA regenerated or a
4-20 mA PID format.  Outputs can be defined in Conductivity, temperature or percent concentration.  The second output is fully isolated from the
inputs and the primary output and is "floating" so it can have either a positive or negative common.

Alarm Relays (Optional)
Up to six alarm or control relays are available for the primary channel, or divided between the two channels on dual output transmitters.  Relay
outputs can be field configured as high or low alarms.  Hysteresis (dead band) is defined by setting the "ON" and "OFF" relay values.

Concentration Outputs (Optional)
Conductivity transmitters can be used in various solutions to measure the concentration of electrolytes such as sodium hydroxide, hydrochloric
acid and sulfuric acid.  In this transmitter configuration, the primary output is Conductivity and the secondary output is percent concentration.  The
following concentration output ranges are currently available from ECD:

Hydrochloric Acid (HCl) 0- 15%
Hydrofluoric Acid (HF) 0- 30%
Nitric Acid (HNO3) 0- 30%
Nitric Acid (HNO3) 30- 95%
Potassium Chloride (KCl) 0- 25%
Potassium Hydroxide (KOH) 0- 25%

Sodium Chloride (NaCl) 0- 25%
Sodium Hydroxide (NaOH) 0- 15%
Sulfuric Acid (H2SO4) 0- 30%
Sulfuric Acid (H2SO4) 30- 85%
Sulfuric Acid (H2SO4) 93-100%

Optional Software
Differential Output:  Provides an output expressed as the difference between two inputs.
Ratio Output: Provides an output expressed as the ratio of two inputs.  This is applicable to percent rejection in some applications.
Averaged Output: Provides an output expressed as the average of two inputs.

Identification
The full model number, as found on the pack slip, is a list of alphanumeric characters used to designate certain features of the transmitter.

2.0 INSTALLATION
Before installing the System C22, it is important to review the mounting and wiring installation procedures described below.

Mounting
Three typical installation configurations are available for the System C22: universal mounting plate, handrail mounting plate and the panel
mounting configurations.  U-bolts may be ordered separately.  Refer to the following application drawings for mounting details:
4024011 Dimensions, wall & pipe mounting 4024012 Dimensions, panel mounting 

The application drawings can be located in the back of this manual.

Power Wiring
The System C22 requires a 115 VAC Power source.
Application drawings 4024003 illustrate the proper power wiring for single channel System C22.

Sensor Wiring
A conditioned input is required from the sensor or electrode to the System C22 for proper operation.  ECD models S10 and S17 sensors will
provide the required conditioning.  The application drawing 4024003 illustrate the proper sensor wiring:
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S/N 1004 V 1.00
(C) ECD 2002

Copyright Display

Contrast 50

Contrast Menu

Cond 25.00 mS
   25.0% 25.0OC

Main Menu, Conductivity

Res 9.00 M
   50.0% 25.0OC

Main Menu, Resistivity

Buffer 100.0 mS
Cal 55 %
Dry .0 mS

Buffer Calibration Menu, Conductivity

Buffer 18.0 M
Cal 65 %

Buffer Calibration Menu, Resistivity

Max 100.0 mS
Pct/OC 2.00

Instrument Scale Menu, Conductivity

Max 18.0 M
Pct/OC -4.60

Instrument Scale Menu, Resistivity

Buffer
Setup
Status

Parameter Selection Menu

3.0 FAMILIARIZATION
This section will provide an overview of the front panel key functions and the display menus for a single channel Conductivity and Resistivity
transmitter.  Multiple channel transmitters will have the same menus.  For information about other C22 features, such as Temperature output, PID
output, and the power supply/relay module option, please refer the appropriate supplemental manual.

Key Functions
Cursor positions or numeric adjustments are performed by pressing the appropriate keypad.  The C22 uses an "underscore" cursor in each of the
menus.  Holding down the keypad will automatically scroll the cursor or numeric values.  Please note that simultaneous pressure on both vertical
keys or any combination of keys other than the two horizontal CALIBRATE keys is not recommended.

Menu Selection Keys
The MENU SELECTION keys are used to change the display menu and move the cursor vertically.  Any menu can be accessed by the use of the
appropriate up or down MENU SELECTION key.  These keys are also used to exit the calibration mode and save calibration data.

Calibrate Keys
The horizontal CALIBRATE keys are used to enter the calibrate mode and move the cursor horizontally.  To enter the calibrate mode, both
horizontal CALIBRATE keys must be pressed simultaneously.  Once in the calibrate mode, the cursor can be positioned by pressing the individual
right-hand or left-hand CALIBRATE keys.
The vertical CALIBRATE keys are used to perform numeric adjustments to displayed values.  To use these keys, the C22 must be in the
calibrate mode.  Pressing the upper CALIBRATE key will increase the value; pressing the lower CALIBRATE key will decrease the value.

To exit the calibrate mode, press either of the MENU SELECTION keys.

Display Menus and Screens
When the C22 is first powered, a Copyright Display will appear for a few
seconds, then the C22 will display the Main Menu.  The Copyright Display
provides the software "version" number and the software serial number.
ECD will require this information if software updates are to be performed.

Contrast Menu
Display contrast can be adjusted to allow for variations of ambient lighting
and viewing angle by using this menu.  The Contrast Menu is the same for
Conductivity and Resistivity transmitters and is always located as the
uppermost menu.  To access this menu from the Main Menu, press the
upper MENU SELECTION key.

Main Menu
This menu appears after the copyright display when power is first applied to
the System C22.  The Main Menu displays the measured process variable,
temperature, and the current output in percent of full-scale.  While in this
menu, the current output can be adjusted and locked in a manual mode to
provide an undisturbed output during sensor calibrations.  On System C22's
with the optional PID output on channel 2, the current output value is the
PID output value.

Parameter Selection Menu
This menu allows the user to select what function they would like to perform.
By entering the BUFFER section they the C22 enters the calibration section.
By entering the SETUP section the user can configure the instrument scale
and the outputs.  By entering the Status section the user can see the
calibration engineering date (signal and reference menus).

Buffer Calibration Menu
This menu provides the means with which to perform a zero (dry calibration)
and a span calibration (Buffer Calibration).
Before entering the calibrate mode, the menu provides historical data from
the last calibration.  The top line displays the buffer, or calibration point, at
which the last calibration was performed.  The middle line displays the
signal value (or magnitude of the signal) for the last calibration.  The bottom
line is used to calibrate the zero on a Conductivity transmitter.  Resistivity
does not require a dry calibration because it is not necessary to calibrate the
zero point.  For information regarding the nature of the signal value and the
sensor diagnostics, refer to Appendix A.

Instrument Scale Menu
The top line of this menu is used to define the full scale (or MAX)
Conductivity or Resistivity range of the instrument.  Essentially, this is the
range of the sensor being used with the instrument.  The MAX value must
be defined before the dry or buffer calibrations are performed.  Also, if the
MAX value is changed, dry and buffer calibrations must be performed.  A
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    4 mA .00 mS
20 mA 99.99 mS

Output Calibration Menu, conductivity

    4 mA .0 M
20 mA 18.0 M

Output Calibration Menu, resistivity

Sig Gain 1000
Sig 55 %
Ref Gain 1000
Ref 75 %
Engineering Data Menu

Sig Gain 4095
Sig .00 %
Ref Gain 4095
Ref .00%
Engineering Data Menu, Lost Signal

      Trim OC .0
Unit 24.3OC

Temperature Calibration Menu

Configure/Trim

Instrument Configuration menu

flashing asterisk in the Buffer Calibration Menu and on the Main Menu acts Instrument Scale Menu (continued)
as a reminder to perform a calibration.
The bottom line of the menu is used to define the temperature compensation slope of the process.  For Conductivity transmitters, the slope is a
linear function and is adjustable from 0% to 10% per degree Celsius.  This allows the temperature compensation slope to be changed to
accommodate solutions with different ionic strengths.  See Appendix B for recommended Conductivity slope settings.

For Resistivity transmitters, the slope is a non-linear function adjustable from -10% to 0% per degree Celsius.  This function assumes a different
compensation at ultra-pure water resistance levels (4 to 18 megohms) than the compensation required at high-purity water resistance levels (1 to
4 megohms).  See Appendix B for recommended Resistivity slope settings.

Output Calibration Menu
Current output ranges are displayed and adjusted in this menu.
In the calibrate mode, the 4 mA and 20 mA points may be defined in units
of microsiemens (µS) or millisiemens (mS) on the Conductivity transmitter,
and Megohms (M) on the Resistivity transmitters.

Engineering Data Menu
As an informational display only, the Signal Display, in conjunction with
the Reference Display, provides diagnostic information to help in
determining if a hardware failure has occurred.

SIGNAL DATA:
The signal gain (Sig Gain) value on the top line of the display is set at
the time of calibration (does vary with temperature not with process
value).  Sig Gain values can range from 100 to 4095 in normal
operation.  The signal (Sig) value on the bottom line of the display varies with the process and indicates the strength of the signal.  With the
sensor in air, the Sig value will be approximately zero.  At full scale, the Sig value should be approximately 75%.  If signal has been lost to the
transmitter and a calibration has been performed, the typical failure will be displayed as 4095 Sig Gain and 0% Sig.  This is illustrated on the
screen above right.  For further information regarding the diagnostic displays, see Appendix A.
REFERENCE DATA:
The reference gain (Ref Gain) value on the top line of the display is set at the time of calibration and does not vary with the process reading.
Ref Gain values can range from 100 to 4095 in normal operation.  The reference (Ref) value on the bottom line of the display is determined at
the time of calibration and should be approximately 75%.  For C22s using contacting (metallic) type sensors, the Ref value does not change.
For instruments using toroidal (electrodeless) sensors, the Ref+Sig value will vary, but less than the contacting sensors.  If the reference signal
has been lost to the transmitter and a calibration has been performed, the typical failure will be displayed as 4095 Ref Gain and 0% Ref.  The
screens illustrated on the following page depict a lost signal for metallic Conductivity and Resistivity transmitters, and for a toroidal Conductivity
transmitter.  For further information regarding the diagnostic displays, see Appendix A.

Instrument Configuration / Trim Menu
Allows the user to enter the configuration and set up menus.  These menus
can be password protected by a field selectable password.   Once entered
in this menu the user can configure the outputs and the relay contacts.  The
trim adjustments are also performed in this section.

Temperature Calibration Menu
The Temperature Calibration Menu has two calibrate functions.  First, this
menu is used to adjust or trim the temperature compensation for variations
in the sensing element.  If a temperature compensator is not utilized, this
menu can provide a manual input for the process.  The top line displays the
temperature offset. The bottom line displays the adjusted temperature value.

4.0 CALIBRATION
To set up the instrument, and before performing the dry and buffer calibrations discussed in this section, the MAX Conductivity or Resistivity value
must be set in the Instrument Scale Menu (Section 4.7).  Any time the MAX value is changed, dry and buffer calibrations must be performed again.

Manual Output Mode
In order to perform calibrations without interfering with control or recorder functions, the C22 incorporates a manual output mode.  In the manual
output mode, the current output is set to the desired level and saved until changed or released from the manual mode.  On C22s with the optional
PID controller output on channel 2, the current output displayed is the PID controller output.  The following procedure demonstrates the use of the
manual output.

Procedure:
1. If not at the Main Menu, press the appropriate MENU SELECTION key to reach the Main Menu.
2. Press both horizontal CALIBRATE keys simultaneously to enter the calibrate mode and observe the "M" appear in front of the % current

output value.  The "M" signifies that the manual output is locked in the manual mode.
3. Using the horizontal CALIBRATE keys, position the cursor under the digit to be adjusted.
4. Increase or decrease the value by pressing the appropriate vertical CALIBRATE key.

To release manual output:
1. Return to the Main Menu by pressing the appropriate MENU SELECTION key.
2. Observe that the "M" appears in front of the % current output value.  This "M" signifies that the transmitter output is in manual.
3. Press only the left-hand CALIBRATE key and observe the "M" disappear, releasing the C22 from the manual output mode.  The %

output value will return to the real-time current output.
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Buffer
Setup
Status

Parameter Selection Menu

Buffer 5.00 mS
Cal 37.5 %
Dry .01 mS

Calibration menu

Contrast Adjustment
Display contrast can be adjusted to allow for variations of ambient lighting and viewing angle.  On single or multiple channel C22s, the Contrast
Menu is the uppermost menu and is accessed with the upper MENU SELECTION key.

Procedure:
1. Press the upper MENU SELECTION key to reach the Contrast Menu.
2. Press both horizontal CALIBRATE keys simultaneously to enter the calibrate mode.  Observe the cursor move to the last digit.
3. Using the horizontal CALIBRATE keys, position the cursor under the digit to be adjusted.
4. Increase or decrease the value by pressing the appropriate vertical CALIBRATE key.
5. To file the contrast value and exit the calibrate mode, press either MENU SELECTION key.

Parameter Selection Menu
Scroll down from the main menu to reach the parameter set up menu.  Once
in the Parameter set up menu select the function you would like to enter.
Buffer:  Perform a 1 or a 2 point calibration
Setup: Set up the range if the instrument

Max value
4 to 20 mA range

Status: Information only. Shows the data stored from the last calibration.

Buffer Menu
From the parameter selection menu chose the top line (the Buffer
command) and press the two horizontal calibrate keys to enter the Buffer
calibration menu.  Both the dry calibration and the buffer calibrations are
performed in this menu.  The procedures for each calibration function are
written below.

Dry Calibration (Conductivity Zero)
Because the physical geometry of Conductivity sensors differ, it is necessary to perform a zero calibration at start-up or when a new sensor is
installed.  Also, coating of the electrodes can shift the zero point resulting in the need to calibrate.  The following is the procedure for calibrating the
zero point of the Conductivity sensor.  This calibration is referred to as the "dry" calibration because the calibration is performed in air with the
sensor dry.

IMPORTANT:  The dry calibration is always performed before the buffer calibration.

Procedure:
1. While in the buffer menu Press the appropriate MENU SELECTION key to move the cursor under the "D" in the term "Dry."
2. Remove the sensor from the process, clean it and dry thoroughly.
3. Press both horizontal CALIBRATE keys simultaneously to enter the calibrate mode.  Observe the value across from Dry change from

historical data to a real-time value.  Also observe that the cursor has moved to the right, under the asterisk.
4. Wait for the asterisk to disappear, signifying the calibration is complete.
5. To file the calibration and exit the calibrate mode, press either MENU SELECTION key.  Do not insert the sensor into the process or into

a solution before exiting the calibrate mode.  Doing so will invalidate the calibration.

NOTE: It is important to wait for the asterisk to disappear before exiting the calibrate mode.  While the asterisk is visible, the
instrument is performing the internal calibration functions.

The Conductivity value displayed to the right of Dry is an indication of the magnitude of the zero offset, but is not an exact offset value.

Resistivity Zero Calibration
Because of the microprocessor-based nature of the C22, a zero calibration is not required on the transmitter; therefore there is no provision or
menu to perform this calibration.  However, if it is desired to check for zero Resistivity, the sensing electrodes must be shorted.

Buffer Calibration (Span)
The buffer, or span, calibration is performed by inserting the sensor in a solution of known Conductivity or Resistivity standard.  A span calibration
should always be performed after the dry calibration.

Procedure:
1. While in the Buffer menu press the appropriate MENU SELECTION key to locate the cursor under the "B" in the term "Buffer."
2. Insert the sensor in the desired standard solution.
3. Press both horizontal CALIBRATE keys simultaneously to enter the calibrate mode.  Observe the terms "Buffer" and "Cal" disappear

from the screen.  Also observe that the cursor has moved to the right and that the asterisk has appeared on the top line.

Note: While in the calibrate mode, the signal and reference gain settings are being determined and are shown on the screen
for reference, but are typically used for diagnostic purposes only.

Note: The buffer value to which the display is adjusted can not be a greater value than the MAX value

3. To change the buffer point, position the cursor under the desired digit using the left-hand CALIBRATE key.
4. Increase or decrease the value by pressing the appropriate vertical CALIBRATE key.
5. Wait for the asterisk to disappear.
6. To file the calibration and exit the calibrate mode, press either MENU SELECTION key.
7. Remove the sensor from the standard solution and return to the process.
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Automatic Calibration
Once the buffer value has been defined in the C22 by performing buffer calibration, the Automatic Calibration feature can be utilized.  This feature
allows wet calibrations to be performed without making any adjustments.

Procedure:
1. While in the Buffer menu locate the cursor under the "B" in Buffer.
2. Insert the sensor in the standard solution as defined by the buffer point on the top line.
3. Press both horizontal CALIBRATE keys simultaneously to enter the calibrate mode.
4. Wait for asterisk to disappear.
5. Press either MENU SELECTION key to file the calibration.
6. Remove the sensor from the standard solution and return to the process.

Setup menu
From the parameter selection menu chose the middle line (the setup command) and press the two horizontal calibrate keys to enter the instrument
scale menu.  From this menu the user sets up the instrument scale, the temperature slope, the relays, and the 4 to 20 mA outputs.

Setting the Instrument Scale
The MAX value in the Instrument Scale Menu is used to define the full scale Conductivity range of the instrument.  Essentially, this function tells
the instrument the range of the sensor being used.  The MAX value is typically set at the maximum sensor range, but can be set to any value
between 20% and 150% of the sensor range.  If values smaller than 20% or larger than 150% are used as the MAX value, the instrument is still
functional, but accuracy and stability will be adversely affected.

The selected MAX value should not (excessively) exceed the range electro-etched on the sensor housing  because the value of the process could
become a small fraction of the transmitter full scale, causing loss of accuracy and stability.   Also, the selected MAX value must be greater than
or equal to the Buffer value and the 20 mA output value.  If these values are greater than the MAX value, the transmitter can become
saturated and the Conductivity or Resistivity measurement becomes inaccurate.  The following procedure is used to set the MAX value.

Procedure:
1. Press the appropriate MENU SELECTION key to reach the Instrument Scale Menu.  The cursor should be under the "M" in Max.
2. Press both horizontal CALIBRATE keys simultaneously to enter the calibrate mode.  Observe the cursor move to the last digit.
3. Using the horizontal CALIBRATE keys, position the cursor under the digit to be adjusted.
4. Increase or decrease the value by pressing the appropriate vertical CALIBRATE key.
5. To file the MAX value and exit the calibrate mode, press either MENU SELECTION key.
6. Perform a dry and buffer calibration.

If the dry and buffer calibrations are not performed after the new MAX value has been entered, a flashing asterisk will appear on the Buffer
Calibration Menu and the Main Menu as a reminder that the dry and buffer calibrations must be performed.

If the flashing asterisk remains on the Main Menu, but not on the Buffer Calibration Menu, look at the Reference Display.  The presence of a
flashing asterisk on the Reference Display and the Main Menu indicates an over-range condition and the signal processor is saturated.  This can
be confirmed by a displayed Ref value greater than 100%.  If this condition exists, the MAX value must be set to a greater value, increasing the
range of the instrument.  However, the MAX setting must be within 20% to 150% of the range supported by the sensor.

Setting the Temperature Slope
The temperature compensation slope value depends on the ionic strength of the solution being measured.  For Conductivity transmitters, the
default slope is 2.00% per degree Celsius.  Resistivity transmitters have a default slope value of -4.60% per degree Celsius.  In most applications,
these values will adequately perform the temperature compensation; however, some applications require a specific slope value to optimize the
temperature compensation function.  See Appendix B for suggested slope values for common solutions.  For values not listed, Appendix B
describes how to calculate the temperature compensation slope.

The Conductivity temperature compensation slope is a linear function.  Increasing and decreasing the slope value increases and decreases the
effect the temperature has on the Conductivity.  In contrast, the Resistivity compensation slope is a non-linear function where a different
compensation is performed at ultra-pure water resistance levels (4 to 18 megohms) than the compensation performed at high-purity water
resistance levels (1 to 4 megohms).

Conductivity transmitters are adjustable from 0% to 10% per degree Celsius.  Resistivity transmitters are adjustable from -10% to 0% per degree
Celsius.  Follow the procedure outlined below to adjust the temperature compensation slope.

Procedure:
1. Press the appropriate MENU SELECTION key to reach the bottom line of the Instrument Scale Menu.  The cursor should be under the

"P" in the term "Pct."
2. Press both horizontal CALIBRATE keys simultaneously to enter the calibrate mode.  Observe the cursor move to the last digit.
3. Using the horizontal CALIBRATE keys, position the cursor under the digit to be adjusted.
4. Increase or decrease the value by pressing the appropriate vertical CALIBRATE key.
5. To file the slope value and exit the calibrate mode, press either MENU SELECTION key.

Output Calibration
The Output Calibration Menu is used to define the 4-20 mA range for the measurement. The values in the menu are in the units being measured.
To change or expand the 4-20 mA range, use the following procedure.
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Procedure:
1. Press the appropriate MENU SELECTION key to reach the Output Calibration Menu.
2. Position the cursor on the top line to change the 4 mA point or the bottom line to change the 20 mA point.
3. Press both horizontal CALIBRATE keys simultaneously to enter the calibrate mode.
4. To change the value, position the cursor under the desired digit using the left-hand CALIBRATE key.
5. Increase or decrease the value by pressing the appropriate vertical CALIBRATE key.
6. When the desired value is reached, file the calibration and exit the calibrate mode by pressing either MENU SELECTION key.

Status Menu:
This is an information only screen; it allows the user to view the engineering data saved during the last calibration along with "real time," "on line,"
measurement data.  With the cursor under the S in Setup on the parameter selection menu press the two horizontal calibrate keys simultaneously.
The user will now be able to use the menu selection keys to scroll through the reference and signal screens to view the engineering data stored
from the last calibration.

5.0 INSTRUMENT CONFIGURATION
To reconfigure the instrument, scroll to the bottom of the main menu, where the 'Configure/Trim' option is displayed.  Push both calibration
keys to enter the configuration mode.  This mode should be password protected if access to the keyboard is unrestricted.

Password Protection:
You may need some familiarity with the password capabilities of the instrument even if you decide not to use them, because a mischievous
visitor could activate them.

Password protection can be selectively turned on for the operational and configuration displays.  The operational and configuration passwords
can be different.  Passwords are entered using only the right four keys, and the passwords are numbers consisting only of the digits 1 to 4.  No
digits are shown on the keyboard.  It is necessary to remember that the top key is 1, the right key is 2, the bottom key is 3, and the left key is
4.  After the password is entered press either menu key.

If the wrong password is entered three consecutive times all password access is disabled, and the main display shows "Err PW".  The
instrument continues to function normally, but none of the password-protected settings can be changed.  Normal operation is restored by
momentarily turning off power.  No keyboard commands are required to restore normal password protection.  The "Err PW" display is cleared
by any keystroke, but when attempting to enter a password the display will still show 'disabled'.

If the password is lost then turn off the power, and then reapply it.  Within one second of the time that text first appears on the screen press
the rightmost key on the keyboard.  The screen will go blank to acknowledge the key, but there is no other visible indication that the key is
recognized, and after a few seconds the instrument will begin functioning normally, except that the configuration password has been disabled
for 60 seconds.  The operational password remains in effect. Immediately enter the configuration mode and choose a new password.  This
method will not work if the key is down at the time power is applied.  The key must be depressed shortly after text first appears.

The following displays control the password settings.
Operate password level:  3 no PW

None of the operational displays are password protected if the protection level is 0.  If it is not zero then, with the exceptions shown in this
table, all displays that affect the operation of the instrument are protected.  A "N" entry in the table means that the display is not protected.

Level contrast man out 1-point buf
1 N N N
2 Y Y N
3 Y N Y
4 Y Y Y

The old operational password is erased if the protection level is 0.  Changing from 0 to another value has no effect until a new password is
entered.  The display shows "no PW" if the password has been erased.

After successfully entering the operational password it remains valid for 60 seconds after exiting the calibration mode on that display.  During
that time a second display can be accessed without re-entering the password.  The 60-second timer starts again when exiting the calibration
mode on that display also, so that any number of displays can be modified with a single password entry.

New opr password
Press both calibration keys to enter a new operational password. 1 to 8 digits may be entered.  Press either of the menu keys when done.  A
new password will not be accepted unless the protection level has already been set to a value greater than 0.

Config password level: 1   no PW
Configuration password access is in effect if the level is 1.  Access is unrestricted if it is 0.  The old configuration password is erased if the
protection level is 0.  Changing from 0 to 1 has no effect until a new configuration password is entered. The display shows "no PW" if the
password has been erased.

New conf password
Press both calibration keys to enter a new configuration password. 1 to 8 digits may be entered.  Press either of the menu keys when done.  A
new password will not be accepted unless the protection level has already been set to 1.

The configuration password is rarely used and the configuration settings are more sensitive, so the password should use more digits than the
operational password.  With eight base 4 digits the odds of breaking the code in three tries are 3 in 65536 if the user knows that there are 8
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digits.  The user will not know the number of digits that you chose, so the odds are smaller than that.  The maximum number of digits allowed
in a password cannot be determined by entering trial passwords.

4-20 mA Output Assignment (NOTE: The instrument has been factory configured to your order specifications.  The only reason to
access ythis configuration menu is if you are adding new hardware or your parameters have changed).
The next group of displays are for assigning the 4-20 mA outputs.  The first is
4-20 1: ... (where "..." is one of the following selections).

Missing Not installed
Unused Installed but not currently used
ch1 PV Channel 1 process value
ch1 temp Channel 1 temperature
ch1 PID Channel 1 PID controller output
ch2 PV Channel 2 process value
ch2 temp Channel 2 temperature
ch2 PID Channel 2 PID controller output

The channel 2 options are only shown on two channel instruments, and specialized instruments will show additional options.

To change the output assignment first push both calibration keys, causing the cursor to move to the right.  Then use the right side up and
down keys to scroll through this list of options.  The list is cyclic.  Use either of the menu keys to move the cursor left after the selection has
been made.  The displayed selection remains in effect until changed, and the selection is remembered through power outages of indefinite
duration.

Up to two 4-20 outputs can be assigned to the same source. There is no error indication if more than two are assigned to the same source, but
there will be no span display for the third.  A span display will otherwise be present in the main menu for each 4-20 output that is assigned to a
source.  If the source is associated with channel 2 then the span display will be in the channel 2 group.  The new assignment is not functional
until the setpoints in the span display are set. If a PID controller is selected as a source then its support displays will also be present.

The next two displays are for the second and third 4-20 outputs.  Some units do not have all three outputs, but the displays will show three
output options anyway, as the additional outputs can be retrofitted.  The 'missing' assignment should be selected for uninstalled outputs.  The
software cannot determine how many 4-20 outputs are installed, so the 'missing' selection might not reflect the actual configuration.

Output #4 is dedicated to HART, and its assignment is discussed in the HART section.  If the instrument is not connected to a HART network
then the fourth output can be used like any of the other outputs.  The fourth output is only present if the instrument was purchased with the
HART option.

Manual Mode Assignment
ch1 man mode on 4-20:  3
The main display shows the process variable and the percent output.  The manual mode assignment allows the percent display to be
associated with any of the 4-20 outputs, including the HART output.  When in the manual mode the 4-20 output is controlled from the
keyboard.  Zero percent corresponds to a current of 4 mA, and 100 percent corresponds to a current of 20 mA.  If a 4-20 output is used to
control the process then the manual mode is normally assigned to that output, although the instrument does not require this choice.

To change the assignment push both calibration keys, then use the right side up and down keys to change the number.

On two channel instruments the next display is the manual mode assignment for channel two.

HART Output Assignments
If the instrument was purchased with the HART option then the next five displays are for assigning the HART digital and analog outputs.  The
first of these displays is

HART 1: ...
HART command #3 requests four variables from the instrument. Each of these variables can be assigned to any of the sources shown in the
4-20 assignment section.  Each variable has a unit's code, which identifies the variable as being pH, millivolts, degrees C, etc.  The unit's code
is supplied automatically, depending on the assignment and the instrument configuration.  If command 3 is not used then only the first output
assignment will be reported.  If any output is assigned to 'missing' or 'unused' then that value will be reported as 'not a number', and the units
field will be 'not used'.

The first digital output assignment is referred to as the primary variable in the HART system.  The next three displays assign the second, third,
and fourth variables.  The assignments are changed in the same way as for the 4-20 outputs.

It is not possible to assign more than one HART digital output to the same source.  There is no error indication, but it should not be done.

HART analog: 4
4-20 output #4 is dedicated to HART.  This output normally carries the digital information superimposed on the 4-20 mA current.  But if the
HART system uses the multi-drop mode then the current output of 4-20 #4 is disabled, with only the digital signal remaining.  Several
instruments are connected in parallel in the multi-drop mode, so analog signaling is not possible.  The current that would have been output is
still reported digitally, as a percentage, and that will be sufficient for some applications.  But if an actual 4-20 current is required then one of the
other 4-20 outputs must be used to supply it, and this display is used to make the assignment.  The specified 4-20 must in turn be assigned to
an appropriate source.
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   Trim OC .0
Unit 25.0OC

Temperature Calibration

4mA1 trim .000

4 to 20 mA trim

1 in gain 1.0000
400.0 mV

Input A/D converter trim

If the HART analog output is assigned to a different output than #4 then #4 cannot be assigned to anything.  It must be set to 'missing' or
'unused'.

The span settings for the selected 4-20 output correspond directly to the HART lower and upper range limits, and they can be set either from
the keyboard or with command #35.  If they are changed with the command then the new value will be shown on the instrument's span display
for the selected output.  If they are changed from the keyboard then those values are reported digitally over the HART network.

If command 35 is to be used to set the limits then the HART 4-20 output must be selected first, because the output span does not exist until an
assignment is made.  The span settings must be readjusted or be resent when the HART analog output assignment is changed.

The 4-20 supplying the HART analog output is normally assigned to the same source as the primary variable, and the HART displays show
the engineering units for the upper and lower range limits as being the same as those of the primary variable.  It is possible to assign the
analog output to other sources, but other assignments are non-standard, and the units displayed by the remote system will not be correct.

If the 4-20 selected for the HART analog output is assigned to 'missing' or 'unused' then the digital representation of the output current will be
'not a number', but with up to four digital variables still being transmitted.

Relay Assignments
The next 8 displays are for the relay assignments.  The first of the relay displays is

Relay 1: ...
Where ... represents an item from the same list that is used for the 4-20 assignments.  The procedure for selecting a relay assignment is the
same as for the 4-20 outputs.

Up to two relays can be assigned to the same source, so one relay can be used to control the process, and another relay can be used as an
alarm if the process value is out of limits.

The relay configuration menu provides for 8 relays, but most units do not have that many relays installed.  Some units do not have any relays
installed, but the relay menu will be present anyway, as the relays can be retrofitted.  The software cannot determine how many relays are
actually present, so the 'missing' selection might not reflect the actual configuration.

A display showing the relay setpoints for each relay is present in the main menu.  If the relay is assigned to a channel 2 function then the
display will be in the channel 2 group.  The display is not shown if the 'missing' or 'unused' selection is made.  A new relay assignment is not
necessarily functional until the setpoints in the span display are set.  If a PID controller is selected as a source then its support displays will
also be present.

Temperature Calibration
The next display is for calibrating the process temperature displayed by the instrument.

The bottom line shows the measured temperature.  Place the cursor on the top line then press both
calibration keys. Adjust the number so that the displayed temperature agrees with that measured by a
thermometer.

The number shown on the top line is simply added to the temperature that the instrument measures.
There is no slope correction.

When the cursor is on the bottom line and both calibration keys are depressed the instrument toggles between degrees C and degrees F.  All
temperature displays on both channels use the selected system of units.  The scale and units code in the HART temperature output is also
controlled by this selection.

On two channel instruments the next display trims the channel 2 temperature.

4-20 Trim
The next six displays are for trimming the 4-20 outputs.  The 4-20 outputs are calibrated at the factory and
will never need recalibration in most applications.  Periodic recalibration is not recommended.

The cursor moves to the right when both calibration keys are depressed and the output current is set to
4.00 mA, overriding the output assignment.  Measure the 4-20 output #1 current with an ammeter, and
adjust the number on the top line until the meter reads 4.00 mA.

The next display is for trimming the 20 mA point of output #1, and it works the same as the 4 mA trim.  The
4 mA and 20 mA trims do not interact, and the endpoint trims are linearly interpolated for other output values.

The 4-20 #4 output must be trimmed by standard commands sent over the HART communication link.

Input A/D Converter Trim
This display is used to calibrate the analog to digital converter that is used to measure the process value.
The bottom line shows the measured input voltage.  The scale factor on the top line is adjusted until the
displayed voltage is the same as that of a voltmeter connected to the input.  If the process is stable then
the voltage can be the output of a sensor, but it is better to replace the sensor with a fixed voltage source.
For good accuracy, the calibration voltage should be a substantial portion of the full scale voltage.  It can
be of either polarity.  The input zero point error is automatically removed, so there is no adjustment for it.
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The normal input range is +/- 600 millivolts, but ORP and some specific ion units use a +/-1200 millivolt range.  On conductivity units the
analog voltage is not externally accessible, but conductivity systems do not have millivolt displays, so no calibration is required.  On
conductivity units this display is only used for factory testing.

The input scale factor is calibrated at the factory and will never need recalibration in normal applications.  Periodic recalibration is not
recommended, as most units will remain accurate to within about 0.2 percent for many years.  Further, any inaccuracy in the displayed
millivolts is calibrated out when buffer calibrations are performed, so there is no requirement that the displayed millivolts be highly accurate.  If
the scale is accidentally changed and it is not convenient to perform a voltmeter calibration then simply set the scale factor to 1.0000.  Most
units are accurate to 2 percent with that setting, which is adequate for most applications.

On two channel units the next and last display is for trimming the channel 2 analog input.

6.0 MAINTENANCE
Because the C22 is microprocessor-based and does not have mechanical potentiometers, there is minimal maintenance required for the
instrument.  However, if service of the internal components is required always turn off the power to the instrument.

Cleaning
Although the NEMA 4X enclosure can withstand harsh environments, it may become necessary to clean the front panel if it becomes coated or
dirty.  Cleaning the front panel can be performed with a detergent and water.  DO NOT USE ACETONE, ACIDS OR CAUSTIC SOLUTIONS ON
THE ENCLOSURE SURFACE.

Before cleaning, the integrity of the enclosure seals should be inspected.  Also check the conduit fittings and seals to make sure moisture does not
enter the enclosure while cleaning.

If the enclosure cover must be removed, it is wise to clean and inspect the gasket seal.  If the seal is damaged, replace the gasket.  Always keep
the gasket lightly lubricated with a silicone grease.

Replacement of the Microprocessor:  Contact Factory

IMPORTANT:  Never interchange PROMs from one transmitter to another.  Doing so will affect transmitter performance.
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7.0 TROUBLESHOOTING GUIDE

SYMPTOM POSSIBLE CAUSES SUGGESTED ACTION

The LCD does not display. No power to the instrument. Check power supply to be sure the
correct voltage is being supplied to
the transmitter.

Contrast level is set too low. Set contrast level to a higher value.
Because the contrast menu is always
the top menu, it can be reached by
pressing the upper MENU
SELECTION key at least 12 times.
Enter the calibrate mode and increase
the value.

Sensor or signal conditioner has a
short that draws too much power from
the transmitter.

Check the sensor for proper
operation.  To verify, disconnect all
sensor wires and cycle power off,
then on.

The PROM has not been properly
installed in the socket.

Check orientation of the PROM to the
socket. Make sure the pins are fully
inserted and are not bent.

Flashing asterisk appears in the Main
Menu and the Ref Menu; and the Ref
value is greater than 100%.

The transmitter is in an off-scale
condition.

Check MAX value.  Increase MAX
value and perform a dry and buffer
calibration.

Flashing asterisk appears in the Main
Menu and the Buffer Calibration
Menu.

The MAX value was changed and
subsequent dry and buffer calibrations
were not performed.

Perform both the dry and buffer
calibration.

Ref Gain value is 4095. Calibration signal is lost. Verify the sensor is operating
properly.

Readings are not linear at the low end
of the range.

The sensor range is not compatible
with the instrument.

Verify the sensor range.  Install a
sensor with the correct range.

Readings are not linear at the high
end of the range.

The sensor range is not compatible
with the instrument.

Verify the sensor range.  Install a
sensor with the correct range.

The MAX value is too low. Set the MAX value to the correct
range.

The MAX value has exceeded the
working range of the sensor.

Decrease the MAX value to be within
the working range of the sensor.  If
the desired range is not within the
working range of the sensor, replace
the sensor.

Erratic readings. Air bubble in sensor. Check orientation of sensor.
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Setpoint 7.00
PB % 100.0

Setpoint/PB Menu

PROPORTIONAL CONTROL OPTION
CONFIGURATION AND SET UP

PID CONTROLLER OPTION
The PID controller option provides a second 4-20 mA, three-mode output signal to a transducer or final control element.  The PID
output is generated from terminals TB4-1 and TB4-2, located on the main circuit board (see application drawing 4012092).  The
process variable output is generated terminals TB6-1 and TB6-2, located on the output card.  To define the PID control
parameters, use the following sections describing the calibration menus and procedures.

Setpoint and Proportional Band
The first menu of the PID option shows the process setpoint and proportional band (PB).  The top line of the Setpoint/PB
Menu is used to define the control setpoint in engineering units.  The setpoint is the value at which the process is to be
controlled.

The proportional band is defined on the bottom line of the menu in percent and is adjustable from -800% to +800%.
Proportional band is the percent change in process error necessary to cause a full-scale change in controller output.
Proportional band is the inverse of controller gain multiplied by 100.  For example, controller gain is considered unity (1.0) if
the PB setting is 100%.  If the PB is 100%, a full-scale input change results in a full-scale output change.  If the PB is less
than 100%, a full-scale input change results in greater than a full-scale output change.  Conversely, if PB is greater than
100%, a full-scale input change results in less than a full-scale output change.

To choose between direct and inverse control action, the PB can be defined as a positive or negative number.  For direct
action, use a positive PB setting.  Direct action is used where an increasing process variable causes an increasing control
output.  For example, an increasing pH would cause an increasing demand for acid feed.

In the case for inverse action, use a negative PB setting.  Inverse action is used where a decreasing process variable
causes an increasing control output.  For example, a decreasing pH would cause an increasing demand for caustic feed.

To adjust the setpoint or PB use the following procedure.

Procedure:
1. Press the appropriate MENU SELECTION key to reach the Setpoint/PB Menu.
2. Position the cursor on the desired line.
3. Press both horizontal CALIBRATE keys simultaneously to enter the calibrate mode.
4. To change the value, position the cursor under the desired digit using the left-hand CALIBRATE key.
5. Increase or decrease the value by pressing the appropriate vertical CALIBRATE key.
6. When the desired value is reached, file the calibration and exit the calibrate mode by pressing either MENU

SELECTION key.

Note: Digital rounding is used in the adjustment process.  Adjust the larger (left-hand) digits first, then adjust the
smaller digits.

Manual Reset
One of the most simple modes of control is the proportional-only mode with manual reset.  The manual reset value is the
current output expressed as a percent of full-scale.  A manual reset of 0% is equal to 4 mA.  A manual reset of 100% equals
20 mA.  In the proportional-only mode, the 4 mA current (zero control output) occurs when the process is at the defined
setpoint value.  Introducing a manual reset value offsets the current output when the process is at the setpoint value.  Manual
reset (offset) allows the controller to be pre-loaded to bring the process setpoint and the corrected output closer together,
eliminating static proportional band error.  Once in automatic, manual reset is overridden.

Optimum reset may be determined from the manual mode.  The reset value is the same as the manual percent output which
results in a process value at setpoint.  The setting can be approximated by setting the manual reset value to the same value
as the percent output field in the Main Menu when the system is in a closed loop equilibrium.  Occasionally, this procedure
may have to be repeated to assure the correct setting, minimizing the static setpoint error (PB error).
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Filter 0
Reset % 50.0

Filter/Reset Menu

Repeat .00
Rate .00

Repeat/Rate Menu

The value displayed on the bottom line of Filter/Reset Menu is the manual reset.  If the integral mode is in use, the manual
reset value is used when the SYSTEM 22 is initiated, but the automatic reset (integral) will accumulate and is added to the
manual reset value.  Eventually, the automatic reset value will override the manual reset value.

To change the manual reset value, use the following procedure.

Procedure:
1. Press the appropriate MENU SELECTION key to reach the Filter/Reset Menu.
2. Position the cursor on the bottom line.
3. Press both horizontal CALIBRATE keys simultaneously to enter the calibrate mode.
4. To change the value, position the cursor under the desired digit using the left-hand CALIBRATE key.
5. Increase or decrease the value by pressing the appropriate vertical CALIBRATE key.
6. When the desired value is reached, file the calibration and exit the calibrate mode by pressing either MENU

SELECTION key.

Integral Mode
Proportional-only or proportional with manual reset modes are limited in their control accuracy.  With these two modes, a
change in input affects an immediate response to the control output.  This immediate response can create an overshoot
condition and eventually result in control oscillation.  The integral (automatic reset) term is used to dampen the output
response and provide a more accurate control of the process.

The integral mode is expressed in terms of minutes per repeat.  This is the time interval at which each integral is performed
while the input changes.  Small repeat times allow the integral to be performed more often.  Large repeat times allow the
integral to be performed less often.

It is preferable to use the smallest possible repeat time because the output response time will be faster.  However, if the
setting is too small, the integral term will have a de-stabilizing effect on the system and will increase the overshoot, ultimately
leading to oscillation.  Still smaller settings will result in control instability.  As a guideline, the repeat value can be
approximated as follows:

With the PID control parameters set up as a proportional-only controller, and with the process at the desired value
(setpoint), change the setpoint to a value that simulates a normal process change.  Track the time it takes for the
process to cross the new setpoint three (3) times.  Multiply this time value times 1.3.  This is the initial repeat value that
should be used.

The following is the procedure to adjust the repeat time value.

Procedure:
1. Press the appropriate MENU SELECTION key to reach the Repeat/Rate Menu.
2. Position the cursor on the top line.
3. Press both horizontal CALIBRATE keys simultaneously to enter the calibrate mode.
4. To change the value, position the cursor under the desired digit using the left-hand CALIBRATE key.
5. Increase or decrease the value by pressing the appropriate vertical CALIBRATE key.
6. When the desired value is reached, file the calibration and exit the calibrate mode by pressing either MENU

SELECTION key.

Whenever the calibrate mode is entered to adjust the repeat time value, the integrator output is reset to zero and held at zero
while in the calibrate mode.  This will result in a step change in output that causes a transient in the control system.  The
transient can be minimized by adjusting the manual reset to the correct value.  Another way to minimize a control transient is
to go to the Main Menu and lock the current output at the desired control value.
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Repeat .00
Rate .00

Repeat/Rate Menu

The integrator is also reset to zero whenever the calibrate mode is entered to adjust the manual reset.  When in the calibrate
mode, the controller operates in the proportional-derivative (PD) mode with manual reset while the reset value is being
adjusted.  If the manual output mode is selected at the Main Menu before the manual reset value is changed, there is no
effect unless  a power failure occurs.  The bumpless transfer to the automatic mode overrides the immediate use of the new
reset value.

In many systems, it is necessary to enter the manual output mode before performing a buffer calibration.  Otherwise, the
integrator will accumulate irrelevant sensory input during the calibration, resulting in a large control transient when the system
is place back on-line.  However, if accumulation occurs, the SYSTEM 22's anti-windup logic prevents further accumulation in
the integrator after the output saturates (reaches 100%), minimizing the recovery time.

Derivative Mode
Due to various delays in the process stream, the present value of the process measurement can lag behind the actual value
at the control point.  The derivative (rate) term introduces an anticipatory response, partially compensating for process
delays, thus providing a more accurate estimate of the present process value at the control point.

If the process is changing at a uniform rate, the rate term causes the present controller output to go to the value which the
proportional-only mode would produce at a time given by the rate setting in the future.  This relationship is true for all PB
settings.  The rate term causes the controller to anticipate and effectively minimize overshoot.  Rate makes no contribution if
the process is not changing, so it does not affect the equilibrium point.

The proportional term drives the process toward the setpoint and the rate term helps prevent it from moving in that direction
faster than it can be accurately controlled.  Rate has a braking effect on rapid changes: it reduces the overshoot, making it
possible to  use a smaller PB.

Due to unpredictable disturbances, it is not possible to anticipate the process value at a time further into the future than the
process response time.  Thus, the maximum usable rate value should not exceed the process response time.  The optimum
value in the rate display is usually smaller in magnitude than the response time of the process.

Rate is expressed in minutes and is adjustable from 0.00 to 10.00 minutes.  To change the rate setting, use the following
procedure.

Procedure:
1. Press the appropriate MENU SELECTION key to reach the Repeat/Rate Menu.
2. Position the cursor on the bottom line.
3. Press both horizontal CALIBRATE keys simultaneously to enter the calibrate mode.
4. To change the value, position the cursor under the desired digit using the left-hand CALIBRATE key.
5. Increase or decrease the value by pressing the appropriate vertical CALIBRATE key.
6. When the desired value is reached, file the calibration and exit the calibrate mode by pressing either MENU

SELECTION key.

Noise Filter
Continually changing errors in the anticipated response causes the output of the derivative (rate) term to become increasingly
noisy as larger rate settings are employed.  When the filter is introduced in the rate term, the noise is reduced.  When
introduced, the filter does not affect the proportional or integral (reset) terms, nor does it affect the process display.

Although effective in reducing control noise, the filter has an adverse effect on the servo response in fast systems.  The filter
time constant of six (6) seconds must be significantly less than the closed loop response time to ensure that the beneficial
effects of noise reduction are not out-weighed by the degradation in process response.  However, closed loop response time
can be less than open loop response time.  As a starting point in the adjustment procedure, it is usually beneficial to use the
filter if the response time of the system is 30 seconds or longer.

The noise filter is a toggle function that is designated "OFF" with the digit "0" and "ON" with the digit "1".
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Filter 0
Reset % 50.0

Filter/Reset Menu

pH7.00
M24.3%25.0OC

PID Output in Manual Mode

To toggle the filter ON or OFF, use the following procedure.

Procedure:
1. Position the cursor on the top line of the Filter/Reset Menu using the MENU SELECTION keys.
2. Press both horizontal CALIBRATE keys simultaneously to enter the calibrate mode.  The cursor will position itself

under the correct digit.
3. To toggle the filter ON, press the upper CALIBRATE key.  This changes the digit to "1" signifying the filter is on.  To

toggle the filter OFF, press the lower CALIBRATE key.  This changes the digit to "0" signifying the filter is off.
4. When the desired digit is reached, file the calibration and exit the calibrate mode by pressing either MENU

SELECTION key.

Controller Tuning
For some, controller tuning is a simple process; for others, it can be a tedious process of trial and error.  Many books and
articles have been written on this subject and can be obtained through some of the professional organizations such as the
Instrument Society of America (ISA).

Manual Output
When the PID option is ordered, the percent output value in the Main Menu is the percent PID output.  In the manual mode,
the PID output is held at a defined value until released.  To hold the output in manual, perform the following procedure.

Procedure:
1. If not at the Main Menu, press the appropriate MENU SELECTION key to reach the Main Menu.
2. Press both horizontal CALIBRATE keys simultaneously to enter the calibrate mode and observe the "M" appear in

front of the % PID output value.  The "M" signifies that the PID output is locked in the manual mode.
3. Using the horizontal CALIBRATE keys, position the cursor under the digit to be adjusted.
4. Increase or decrease the value by pressing the appropriate vertical CALIBRATE key.
5. When the desired value is reached, exit the calibrate mode by pressing either MENU SELECTION key.  The PID

output will be held at the filed value.

To release manual output:
1. Return to the Main Menu by pressing the appropriate MENU SELECTION key.
2. Observe that the "M" appears in front of the % PID output value.  The "M" signifies that the PID output is being held

at the displayed value.
3. Press only the left-hand CALIBRATE key and observe the "M" disappear, releasing the SYSTEM 22 from the

manual output mode.  The % output value will return to the real-time PID output.
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APPENDIX A

DIAGNOSTIC DISPLAYS

The Signal and Reference displays are diagnostic displays.  The values displayed are automatically set when the
instrument is calibrated and cannot be directly controlled from the keyboard.  Abnormal values in the diagnostic displays can be
due to mis-calibration, wiring errors or hardware failures in either the sensor or the daughter board.  Values displayed depend on
the sensor and range configuration.

The purpose of the gain setting is to adjust the gain of the instrument to the correct value for the range selected, and so
it will vary greatly from one range to another.  It is, therefore, not possible to specify any particular gain values for the displayed
numbers that are always correct; however, the values will be consistent in any given configuration.

The gain value in each display is proportional to the analog gain of the signal processing section of the hardware.  The
instrument adjusts the gain to obtain a strong signal into the analog to digital converter, while not going off-scale.  The signal
(Sig) field displays the magnitude of the signal which increases in direct proportion to the gain setting.

There are two time-multiplexed signals from the sensor; the reference (Ref) channel and the signal (Sig) channel.  The
reference channel measures the resistance (or conductance) of a precision resistor built into the sensor.  The signal channel
measures the solution resistivity or conductivity.  The process value is the ratio of the two measurements.  This ratio is
independent of the analog gain of the instrument, so the calibration is virtually unaffected by drifts in the analog system arising
from temperature changes and aging effects.

When there is a failure or a configuration problem in the analog system, the process value becomes zero, divided by
zero, and the displayed process value becomes erratic and unusable.  The Signal and Reference displays should be referred to in
this case.  If the signal portion of both displays is near zero, the signal path from the sensor to the microprocessor has been lost.

The Ref channel normally displays a signal value of approximately 75 percent.  In the metal (contacting) electrode's
signal, this value is due to the reference resistor built into the sensor.  For the magnetic (electrodeless) sensor, the reference
value is the sum of the conductivity (Resistivity) of the reference resistor and the solution path; hence the displayed term Ref+Sig.
The Ref and Ref+Sig values can vary over a wide range without having much affect on the measured process value, but if these
values exceed 100 percent, then the signal processor is saturated and the process value displayed is inaccurate.  While the off-
scale condition exists, there will be a flashing asterisk on both the Main Menu and the Reference Display.  Also, the Ref value will
be greater than 100 percent.  When this condition exists, calibrate the system by performing a solution calibration.  For the
magnetic sensor, the process value might still be off-scale at high conductivity and high temperatures, in which case it is
necessary to set the MAX value to a higher full-scale value and then calibrate.

The values displayed in the gain settings of the diagnostic displays can range from approximately 100 to 4095 in normal
operation, with the actual values dependant on both the range and instrument configuration.  A gain value of 4095 means the
gain was automatically set at calibration to the maximum possible value.  This condition is not abnormal in some of the lower
conductivity ranges, but it is abnormal in the high ranges where little gain is required.  If after a calibration the gain value is 4095
and the Sig value is still small (less than 10 percent at the nominal process value), the signal from the sensor has probably been
lost.  The loss can be due to a hardware failure or wrong configuration.  A Ref Gain value of 4095 always means the calibration
signal has been lost.
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APPENDIX B
CONDUCTIVITY & RESISTIVITY TEMPERATURE COMPENSATION SLOPES

All conductive electrolytic solutions have a temperature coefficient (temperature slope) that is dependent on the ionic strength of that
solution.  Also, the same electrolyte may have a different temperature coefficient at different concentrations.  Adjustable automatic temperature
compensation in the C22 allows the average temperature coefficient for a specific electrolyte and range of concentration to be changed, providing
highly accurate temperature compensation for Conductivity and Resistivity measurements.

Automatic temperature compensation in the C22 is accomplished by providing a 10,000 ohm thermistor input from the sensor to the
instrument.  Conductivity temperature compensation is performed with a linear algorithm programmed into the microprocessor.  The slope of the
algorithm can be adjusted from 0% to +10% per one degree Celsius.  The default value, and the value used for moderately conductive electrolytes
is 2% per degree Celsius.

Resistivity temperature compensation is characterized differently than Conductivity temperature compensation.  Resistivity
measurements are typically performed at levels of 18 megohm to 1 megohm (0.055�S to 1.0�S, conductance).  However, the temperature
coefficient of ultra-pure water (4 to 18 megohms) is different than the temperature coefficient of high-purity water (1 to 4 megohms).  Therefore, a
non-linear temperature compensation algorithm, known as a piecewise curve fit, is programmed into the C22 microprocessor for Resistivity
measurements.  This temperature curve automatically compensates for the different ionic strengths of high-purity to ultra-pure water.  Using the
C22, the Resistivity curve is adjustable from -10% to 0% per one degree Celsius, with the transmitter default value of -4.60% per degree Celsius.
Full Range Adjustment provides the means to de-sensitize the curve to accommodate for changes in ionic strength due to contamination in the
water.  The following data characterizes the default Resistivity temperature compensation slope:

OCelsius Megohms/cm

0 86.00
5 59.99
10 43.31
15 31.87
20 23.92
25 18.24
30 14.00

 OCelsius Megohms/cm

35 11.08
40 8.82
45 7.11
50 5.77
55 4.75
60 3.97
65 3.32

 OCelsius Megohms/cm

70 2.89
75 2.45
80 2.14
85 1.87
90 1.66
95 1.45
100 1.27

The following list contains suggested temperature compensation slope values for various electrolytic solutions:

Electrolytic Solution Suggested Slope
Ultra-pure & high-purity water -4.60%

Potable water 2.00%
Cooling water 2.00%
Boiler water 2.00%

6% NaOH (CIP applications) 1.69%

If the recommended temperature compensation slope is not listed for the electrolyte desired, the slope can be calculated using the procedure
outlined below.
1. Obtain or prepare a sample of the electrolyte in the desired measurement range.
2. Set the temperature compensation (TC) slope in the instrument to 0%.
3. With the temperature of the sample at 25O Celsius, insert the sensor into the solution.
4. Record the process value.
5. Leave the sensor in the sample and heat the sample so that the temperature is approximately 10O to 25O Celsius warmer that the initial

temperature.
6. Record the elevated temperature value.
7. Record the process value at the increased temperature.
8. The slope is calculated as the percent change in temperature per degree Celsius, referenced to 25o Celsius.  An example follows:

Sample Conductivity at 25O C: 1,000 µS
Sample Conductivity at 50O C: 1,650 µS

First, c alculate the percent change in Conductance:
(1,650 µS - 1,000 µS) / 1,000 µS

650 µS / 1,000 µS
0.65
65%

Second, calculate the change in temperature from 25O C:

50oC - 25oC
25oC

Finally, calculate the slope:
65% / 25oC
2.6% / OC
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APPENDIX C
C22 Installation

Mounting:
The C22 is supplied with a universal-mounting bracket (see drawing 4024011).  Two slots on each side will

accommodate U-Bolts for pipe mounting, or can be wall mounted with 1/4" screws.  Panel mounting is accommodated with
the captive Jackscrew that will cinch the instrument bezel against the panel.

Wiring:
Two each 1/2" conduit holes are PROVIDED on the bottom of the enclosure, one for signal wiring (low level DC)

and the other for power (115VAC).   The label on the enclosure cover shows the terminal block arrangement for all the
wiring along with the model number and the factory assignment of the output signals.  These can be changed in the field if
the application prefers a different arrangement.  The picture on the right displays the removable terminal blocks for wiring
convenience.
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APPENDIX D
C22 screens

The main screen displays the process variable (in this case
conductivity) in the engineering units that are either specified in
the order and set at the factory or changed in the setup menu for a
derivative measure such as caustic concentration expressed as %
by weight etc.

The second line displays the output current as % of full scale and
the process temperature (in units as selected in the setup section or
oC or oF).

The output current in this screen is capable of being manually
controlled by pressing the two horizontal calibrate buttons.  The
manual condition is verified by the appearance of an "M" in front
of the output indication.

From the main screen, if the up menu select key is depressed the
contrast menu will be displayed.  The limits on the contrast menu
are set to not be capable of fading the screen to invisibility or to
make it unreadable to the dark side.  To return to the main display
press the down arrow key from the contrast screen.

Press the down key again to display the graphing display.  This
screen displays the output current that is set up in the Main screen.
In this instrument the main display output is set up for the PID
controller.  This also accommodates entering the manual control
mode.  The X-axis of the graph display is factory set to ~30
minutes.  The setup screen sets the Y-axis, in this case by the
proportional band setting.  If the proportional band setting is 100%
the sensitivity of the graph is set to the max setting of the
conductivity.  If set to 10% the sensitivity will be multiplied by a
factor of 10, or the 10% of the Max setting is the full-scale
sensitivity of the graph.  If the graph were assigned to a current
output the sensitivity would be that of the 4 to 20 mA output.

After the graph screen, a category screen is selected.  Here you
decide what operation you want to perform.  The Buffer selection
takes you to the conductivity standardization & zero (Dry) cal
screen.  The Setup selection accommodates the one time type
calibrations such as the conductivity operating range, the output
sensitivities, temperature dependence coefficient etc.  The 3rd
option on this menu is Status; this displays the engineering data
that can be analyzed to verify valid calibration or to trouble shoot
the measurement.

Contrast 52

_Buffer
  Setup
  Status
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To enter the active calibration mode the two horizontal keys must
be simultaneously depressed.  Conformation of this is that the
cursor moves from under the B in buffer to under the least
significant digit of the value, the asterisk and the engineering data
appear.  The asterisk will disappear when the reading is stable and
the optimum signaling levels have been determined.  The key word
in the previous sentence is "stable", this implies that if you are
doing standardization with the sensor on-line the conductance must
be stable, or the instrument will not properly calibrate.  If the
process cannot be stable long enough to properly calibrate the
instrument draw a sample and calibrate in a container off-line.  An
indication that calibration was not successful is that the annoying
asterisk appears on the main screen to indicate a potential problem
with the measurement.  The only reason to recalibrate a
conductivity sensor is to compensate for a cell constant variation
due to geometry of the measurement environment, coating, pitting
etc.  If any of these things are suspect, the sensor should serviced
and calibration is then simply a verification of a maintenance
operation.  When the sensor is removed from the process for
service a dry cal should be performed to confirm the integrity of
the measurement.

The exit/stay screen appears whenever you appear to be leaving a
calibration category.  It serves to warn you that you are leaving the
category and remind you to check that all desired calibration has
been completed and recorded.  Press the up key to confirm the
desire to leave the category and go to the setup category.

The Max value is the basic range of the measurement.  A rule of
thumb is to check the inscription on the sensor and set the max to 2
times the range.  This electro-etched data records the serial number
of the sensor to allow us to recall the information at some future
date as well as the range that the sensor was designed for.  The
temperature compensation coefficient is t refer all conductance
readings to their 25oC value.  2%/oC is an average value for
potable water.  This can be tailored to the application by setting it
to zero and observing the conductance variations with temperature
and the exact value calculated and plugged in.

The next screen down are the PID controller adjustment.  The 1st
screen is the control setpoint and the proportional band (or gain of
the control loop).

Buffer10.00mS
Cal37.4%
Dry.00 mS

Max 20.00mS
Pct/oC   2.00

Exit Stay

4mA2 .00mS
20mA210.00mS



21

Sig Gain 376
Sig 38.73%
Ref Gain 1052
Ref 58.00%

Note that 100% proportional band
relates to the Max that was
programmed into the conductivity
input.

The control parameters are
elaborated on in the controller
section of this manual.

Here we will only mention that the
repeat setting is the integral
coefficient and the Rate is the
deferential coefficient of the 3-mode
proportional controller.  The units are
minutes.

The filter is either in or out, in is 1 and out is 0.
The manual reset is the nominal setting to hold the
proper conductivity without the controller action

The final setting on the category selection is the Status selection.
The Signal and Reference gain data are static numbers that are set
at calibration and do not vary except for temperature compensation
purposed.  The Signal and Reference readings are real-time live
indications of the measurement, expressed as % of maximum
reading.  Typical values are shown for the related variables like
Max & Buffer values.  Clear indications of error are gains at the
maximum level of 4095 or the signal levels at 0% or over 100%.
When a flashing asterisk is encountered in the main screen,
indicating an error, a matching asterisk will be found here for the
suspect variable causing the problem.

If you continue pressing the down key past the status selection you will find yourself in the

Configure/Trim section.  This section should be password
protected if there is any possibility that someone unauthorized
would reconfigure the instrument to cause difficulty for the
operator.  See that section of the manual for proper operation in
this area.  Your instrument has been configured for your
application without a password being implemented.
Pressing both horizontal Calibrate keys will allow access to the
configuration settings.  Then using the down arrow key to progress
throughout the password protection settings to the actual
configuration assignments.  Then you can assign the outputs to
certain output cards, calibrate the current outputs to be more
precise and input calibration and display options.

PID (4-20  1) Setpoint 10.00mS
PB% 100.0

Repeat 1.00m
Rate 1.00m

Filter 1
Reset % 50.0

Configure/Trim









Main screen #1 for Conductivity Buffer information screen Active Buffer screen

Main screen #2 for NaCl Plot assignment & time Max setting & temp comp 4-20mA Calibration

Graph of NaCl 2nd 4-20mA calibration Relay #5 setup

Function Screen

*Condition for data: 1-online,  2-Simulated with a resistor,  3-In an external container.
Date Cond. Rdg. NaCl% Buffer Temp Sig Gain Sig % Ref Gain Ref % *

Cond 208mS
83.1% 22oC

NaCl 70.00%
70.0% 22oC

Buffer
Setup
Status

Buffer 208mS
Cal 62.5%
Dry 9.7mS

Buffer 208mS
Ref 948  70.5%
Sig 2665  62.5%

Plot 4-20: 2
Sample .1m

Max 250mS
Pct/oC 2.0

4ma 1 0.00% wt
20ma 1 100% wt

ETC.
The rest of the

relays

Sig Gain 2665
Sig 62.5%
Ref Gain 948
Ref 70.5%

4ma 2 0.00 mS
20ma 2 250 mS

5 On >50mS
5 Off <49.9mS



Insert the wire through the center hole and out the side.  The value of the resister is 30 Ohms which simulates 208mS or 70% NaCl.
Fill out the table in the sample (condition #1) and then with the resistor.  If anything changes we can take the data again and hopefully
gain some clues to what has caused the shift.

*Condition for data: 1-online,  2-Simulated with a resistor,  3-In an external container.
Date Cond. Rdg. NaCl% Buffer Temp Sig Gain Sig % Ref Gain Ref % *

30ohm
s

Toroidal Sensor



Configure/Trim

Passwords
Font
Default Display
1-20 assign

Operator Password
Level: 0  no PW

Font Bold

Default disp: 0
Suggested: xx

4-20 1:ch1 PV
4-20 2: PID A
(4-20 2 ch1 man)
(ch1 PV)

4-20 3: ch1 Sent

4-20 4 missing

Manual mode
Relay assign/test
PID assign
PWM assign

Ch1  man mode on
4-20  2
(PID A     ch1PV

Relay 1:  ch1 PV Relay 2:  ch1 PV Relay 3-8:  missing

Test 1: off
(ch1 PV)

Test 2: on
(ch1 PV)

Test 3-8:  off
(missing)

PID A:  ch1 PV PID B:  unused

PWM A: unused PWM B: unused

Clock and timers
Logic gates
OC/OF & temp Cal
4-20 Trim/test

Clock Software
Hide Clock N
Hide Rate Y
Hide flash N

Man trig oK  Y Timer 1-8:  unused

OR gate   A
In 1:  unused
In 2:  unused

1 Trim OC 0
uni 22.4O C

4mA1  trim -.102
(ch1 PV)

20mA1  trim -.198
(ch1 PV)

4mA2  trim -.013
(PID A     ch1 PV)

4mA3  trim -.122
(ch1 Sentimel)

20mA2  trim -.057
(PID A     ch1 PV)

20mA3  trim -.024
(ch1 Sentinel)

Millivolt trim
1 in gain 1.0000
166.9mV



Contrast          20

PH 4.16
49.7% 23.3o C

CH1 PV

Buffer
Setup
Status
Diagnostic

1pH 7.00pH
Cal .0mVa@25

2pH .00pH
Cal -59.1mV/pH

Plot 4-20 1
Sample .1m
(ch1 PV)

4mA1 .00pH
20mA1 14.00pH
(now 8.76mA)
(Ch1 PV)

4mA3 .00pH
20mA3 14.00pH
(now 4.01mA)
(Ch1 Sentinel)

1 on >10.00pH
1.off<9.80pH

2. on >4.00pH
2 off< 4.20pH

PID A Setup
(4-20 2)
(ch1 PV)

Set point 7.00pH
Band 100%
Repeat .00m
Rate .00m

Filter 0
Reset 50.0%
(ch1 PV)

Noise filter 5

Sun 12:58:14
Input 166.9mVa
0mVa 7.00pH

Ref err 2.7mV
Limit 60.0mV
Ch1 Sentinel

Configure/Trim
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