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WARNING
Read the OPERATION MANUAL before operating this equipment.

■   NOTE:   Algas-SDI reserves the right to use alternate manufacturers�
components as vendor delivery applicability dictates.  Vendors
have supplied literature contained in the Operation Manual.
Please check to be sure supplied data matches your
configuration.  Contact Algas-SDI if any questions exist.

■   This equipment uses LPG-a flammable fuel, or NH3-a toxic gas,
(depending on the model), handled under pressure.  Inherent hazards
exist and a thorough understanding of the equipment is required to
allow safe operation and maintenance.

■   Allow only a TRAINED and FULLY QUALIFIED PERSON to service this
equipment.

■   Any time a component must be replaced, use the same type, model, etc.
DO NOT SUBSTITUTE!  The consequence from such actions are
unpredictable and may lead to dire consequences.  When components
are replaced with components not approved for use in our FM/CSA
listed equipment, the FM/CSA listing becomes void for that unit.



Warranty RegistrationWarranty RegistrationWarranty RegistrationWarranty Registration

To Register your new equipment:  Visit Algas-SDI's web site at: algas-sdi.com,
then click on the "Tech Support" button.  Select online Registration or print out
the Acrobat Warranty Registration.

OR

Fill out the Warranty Registration information on the last page of this manual.
Then make a photocopy and mail to the address shown at the bottom.

Warranty and CopyrightWarranty and CopyrightWarranty and CopyrightWarranty and Copyright

WARRANTYWARRANTYWARRANTYWARRANTY                                                                                                                                                                                                                                                                                                                                                                                        

Algas-SDI International, LLC (ASDI) warrants that the equipment is free of
defects in materials and workmanship under normal use and service.  ASDI
agrees to repair or replace, at our option, without charge f.o.b. factory, any part
which has proven defective to the satisfaction of Algas-SDI International, LLC
within one (1) year from the date of the original installation or within 18 months
from the date of shipment, whichever is earlier.  Equipment, which in the opinion
of ASDI, has been damaged by improper installation or operation, or has been
abused or tampered with in any way, will not be accepted for return under
warranty.

Algas-SDI International, LLC will not accept back charges for work performed by
others upon or in conjunction with ASDI equipment, unless prior authorization is
given by means of an Algas-SDI International, LLC purchase order.  Algas-SDI
International, LLC will not be liable by reason of shutdown, non-operation or
increased expense of operation of other equipment, or any other loss or damage
of any nature, whether direct or consequential, arising from any cause
whatsoever.

Algas-SDI International, LLC makes NO other warranty of any kind, whatsoever
expressed or implied; and all warranties of merchantability and fitness for a
particular purpose are hereby disclaimed by Algas-SDI International, LLC and
excluded from these terms of sale.  No person has any authority to bind Algas-
SDI International, LLC to any representation or warranty other than this warranty.

COPYRIGHTCOPYRIGHTCOPYRIGHTCOPYRIGHT                                                                                                                                                                                                                                                                                                                                                                                            

Copyright 2000 by Algas-SDI International, LLC, Seattle, Washington 98107.  All
rights reserved.  No part of this manual may be reproduced or copied in any form
or by any means, photographic, electronic, or mechanical, without the prior
express written consent from Algas-SDI International, LLC, Seattle, Washington,
USA.



Symbols and ConventionsSymbols and ConventionsSymbols and ConventionsSymbols and Conventions

Special symbols are used to denote hazardous or important
information.  You should familiarize yourself with their meaning and
take special notice of the indicated information.
Please read the following explanations thoroughly.

GENERAL WARNING OR CAUTIONGENERAL WARNING OR CAUTIONGENERAL WARNING OR CAUTIONGENERAL WARNING OR CAUTION                                                                                                                                                                                                    

Indicates hazards or unsafe practices, which can result in damage
to the equipment or cause personal injury.  Use care and follow the
instructions given.

FLAMMABLE GAS HAZARDFLAMMABLE GAS HAZARDFLAMMABLE GAS HAZARDFLAMMABLE GAS HAZARD                                                                                                                                                                                                                                                    

Indicates a potential hazard, which can result in severe personal
injury or death.  Use extreme care and follow the instructions given.

ELECTRICAL DISCONNECT REQUIREDELECTRICAL DISCONNECT REQUIREDELECTRICAL DISCONNECT REQUIREDELECTRICAL DISCONNECT REQUIRED                                                                                                                                                                        

Indicates a potentially dangerous situation, which can result in
severe personal injury or death or damage to equipment.  Use great
care and follow the instruction given.

ASDI CONTACT NUMBERSASDI CONTACT NUMBERSASDI CONTACT NUMBERSASDI CONTACT NUMBERS                                                                                                                                                                                                                                                                    

If you have questions, need help with your equipment, or want information on
other products, contact Algas-SDI at:

Telephone: 206.789.5410

Facsimile: 206.789.5414

Email: sales@algas-sdi.com

Internet: http://www.algas-sdi.com
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IntroductionIntroductionIntroductionIntroduction                                                                                                                            1111
DESCRIPTION

The BLENDAIRE is designed to mix LPG vapor with air in a wide range of ratios
and deliver the mixed gas at a fixed designated pressure from 10 to 150 psi (0.70
- 10.55 kg/cm2) (See Figure 1).

There are two separate flow paths into the BLENDAIRE, one for air and one for
LPG vapor.  They combine at the mixing valve into a single gas line.  The airline
contains a check valve and an air regulator, which determines the pressure at the
mixing valve inlet.  The vapor line contains a check valve and vapor regulator
(gas governor).  The gas governor maintains the vapor pressure at the mixing
valve inlet equal to the air pressure by slaving it to the air side.

The air regulator also delivers control pressure to the diaphragm-actuated piston
and controls the gas governor through a common sensing line.  Consequently,
regulated air pressure, regulated LPG vapor pressure and mixed LPG/Air
pressure remain constant.

If there is a malfunction, the safety shut-off valve(s) and the two regulators will
shut down the system.

Figure 1 - General Layout  (FVO valve shown)

                                                                                                                                                      
Description.gif
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Figure 2 - Component Diagram  (Selas Valve shown)

                                                                                                                                                      
Blman2R1.wmf
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Major ComponentsMajor ComponentsMajor ComponentsMajor Components                                                                    2222
1 - MIXING VALVE

This valve is the heart of the system.  It blends air and LPG vapor over a broad
range of flow rates at a selected ratio.

2 - AUTOMATIC SAFETY SHUT-OFF VALVE

This is located either at the outlet or at each inlet and will automatically close if
there is an alarm condition, lack of electricity or if the air supply is low.

3 - MANUAL SHUT-OFF VALVE
Allows system to be shut off manually at the outlet pipe and allows the operator
to manually control the outlet flow rate when starting the system.

4 - AUTOMATIC SAFETY SHUT-OFF VALVE CONTROL

Used with the automatic shut-off valve.  The three-way solenoid provides on/off
control of the valve.  The regulator and needle valve controls the rate of opening
of the automatic safety shut-off valve.

5 - AIR AND GAS PILOT LOADING VALVE

The three-way solenoid provides on/off operation of air regulator and gas
governor.

6 - AIR REGULATOR
Controls the air pressure entering the mixing valve.

7 - GAS GOVERNOR
Controls the LPG pressure entering the mixing valve (additional regulator
required upstream by user).

8 - GAS GOVERNOR PILOT
Controls the gas governor pressure bias relative to the air pressure.

9 - PRECISION ORIFICE VALVE
Controls feedback rate to gas governor pilot.  Both the gas governor pilot and the
precision orifice valve allow the LPG governor to function.

10 - DIFFERENTIAL PRESSURE SWITCH AND GAUGES

Indicates the pressure difference between the air and LPG before they enter the
mixing valve.  The differential switch will shut down the system if the established
differential pressure is exceeded.
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11 - ELECTRICAL CONTROL BOX

The electrical control box houses the process controller or a terminal strip for
connection to an external process controller and houses the air and LPG
pressure transducers.

12 - AUTOMATIC AIR-GAS RATIO CONTROL SYSTEM (OPTIONAL)

The electric motor driving the control system is connected to and controlled by
the process controller.

13 - LPG VAPOR TEMPERATURE SENSOR

Determines if LPG gas vapor is at safe operating temperature.  The system will
shut down if LPG vapor temperature is close to dewpoint.  The chart at the end of
this section has the dewpoints for propane,
N-butane and Isobutane.

14 - VAPOR PRESSURE SENSOR

It is used to prevent liquid LPG from entering the system and also to prevent low
LPG pressure from forcing lean mixtures.

15 - AIR PRESSURE SENSOR

Is used to prevent high air pressure from causing lean mixtures.
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InstallationInstallationInstallationInstallation                                                                                                                                    3333
The BLENDAIRE mixer should be housed in a well-ventilated area suitable for its
use.  The mixer must be placed on a level pad with no pits or depressions so no
gas will accumulate.  Care must be taken in the entire operating area so that
LPG is never near or below its dewpoint in the system at any time.

Heat tracing may be required depending upon location, LPG content and
pressure.  Mount each BLENDAIRE unit on a concrete pad strong enough to
support its weight (See data sheet).  For ease of operation and maintenance, a
1 1/2" or larger vent line or flare stack with shut-off valve should be installed at
the connection point provided on the blender between the mixing valve outlet and
the safety shut-off valve.

A vent line (3/8" tube) must be provided to exhaust bleed down products (air and
a small amount of LPG) when the system shuts down.

If the unit is equipped with Auto-Ratio-Control, a gas quality-measuring device
suitable for the specific operating conditions is required.  The total response time,
including sample lag time, should be kept to a minimum.

CAUTIONCAUTIONCAUTIONCAUTION                                                                                                                                                                                                                                                                                                                                                                                                                    

Always consult with local codes and authorities prior to installing
equipment.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

NOTENOTENOTENOTE                                                                                                                                                                                                                                                                                                                                                                                                                                                    

On Blendaires with an FVO valve the ratio adjuster indicator is a
‘weight loaded’ device which can turn independently from the
adjuster wheel during transportation due to sudden motion.  When
the unit was assembled at the factory the piston and indicator
where at the 50% position.  If the indicator does not read 50% DO
NOT TURN THE ADJUSTER WHEEL.  Remove the indicator from the
wheel and place the indicator at 50% by rotating it.  Replace
indicator in its original position and tighten setscrew.  The wheel
may then be turned to adjust the ratio as desired.
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Figure 3 – Installation Drawing

                                                                                                                                                      
Installation.dxf

The following equipment must be installed for proper operation of the blending
systems:

1. Air supply

2. Vapor supply

3. Mixed gas outlet

4. Process controls
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AIR SUPPLY
1. Air filters at the incoming air pipes.  The user must determine the cleaning

schedule for the filters.  Dirty air will cause problems in the mixing systems.
Supply air must be free of oil and all particulate matter greater than one
micron in diameter.

2. An air dryer for the incoming air supply.

3. A First stage pressure regulator in the air supply pipe to reduce the air
pressure to the operating pressure specified on the data sheet at the
beginning of this manual.  This regulator must be of good quality.

4.  A vapor shut-off valve must be installed between the blender and the
incoming LPG gas vapor line.

VAPOR SUPPLY
1. First stage gas supply pressure regulator reduces the operating pressure to

10 psig (0.70 kg/cm2) over desired mixed gas pressure.

2. If the LPG has a heavy end content, filters must be provided upstream of the
regulator on the vapor inlet pipe to each Blendaire.  The user must determine
the cleaning schedule for the filters.  A drip leg to drain the heavier particles
should be provided immediately upstream of the first stage regulator.

3. Heat tracing must be placed over the vapor supply pipes if the ambient
temperature goes within 10°F of the dewpoint of the LPG gas.  Electric heat
tracing is preferred with an appropriate controller.  All heat tracing must be
suitable for the class of hazardous location in which it is to be installed.
Always consult with the appropriate authorities and all applicable codes.

4. A vapor shut-off valve must be installed between the blender and the
incoming LPG gas vapor line.

MIXED GAS OUTLET
1. The temperature of the pipe must be kept above the dewpoint of the air/gas

mixture.  Heat tracing over the outlet pipe may be required as well.

NOTENOTENOTENOTE                                                                                                                                                                                                                                                                                                                                                                                                                                                    

See the LPG gas dewpoints given in the manual (Table 1).
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

PROCESS CONTROLLERS
1. The Blendaire process controller is mounted on the unit unless an external

controller is used.

2. The Blendaire uses two (2) control and sensing signal types: alternating
current (AC) and direct current (DC).  These signals must be transmitted in
separate conduit runs.  A 3/4" NPT conduit opening is provided for DC
signals and a 1/2" NPT opening are provided for AC signals.

3. See wiring Diagram for wire type and required field connections.
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Start-UpStart-UpStart-UpStart-Up                                                                                                                                                                    4444
The following procedures must be performed to each Blendaire system when
they are first installed.

STARTING THE MIXING SYSTEM  (INITIAL ADJUSTMENT)

Figure 4 – Adjustment Reference Drawing

                                                                                                                                                      
Adjustment.dxf
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BLENDAIRE REGULATOR ADJUSTMENT PROCEDURE
1. Open the differential pressure bypass valve (#3).

2. Open valves (#1), (#2), (#5), (#6), and (#8).

3. Check that the air and LPG supply is sufficient.

4. Prepare a non-critical load to consume the mixed gas produced during the
set-up procedure.  A flare stack or other device should exhaust the non-
critical load.

5. Start the mixing system.

6. Slowly open valve (#7) approximately 20°.

7. If the regulators (#9) and (#10) have travel indicators (1098-EGR's) remove
the covers and observe the travel and timing.  The regulators must operate
so that both valves open and close simultaneously.  If the regulators do not
have travel indicators, the differential pressure (#4) will have to be used to
indicate the operation of the regulators (#9) and (#10).  To do this, slowly
close the bypass valve (#3) and observe the needle movement of the
differential pressure gauge.  The needle will move in the direction of the
higher pressure (either LPG or air).  Re-open the bypass valve (#3) before
the needle reaches the alarm set point (± 28" W.C.), other wise the Blendaire
will need to be restarted.

8. If the regulators (#9) and (#10) operate with similar timing and the differential
pressure is stable (± 2 – 3" w.c.), no adjustment is required.  When the
differential pressure is stable, it may be offset to one side or the other to
achieve the proper mixing ratio.  However, the mixing ratio should never
exceed 8 – 9" w.c.  offset.

9. If the regulators (#9) and (#10) oscillate, perform the following adjustment
steps:

NOTENOTENOTENOTE                                                                                                                                                                                                                                                                                                                                                                                                                                                    

The LPG in the system must remain in the gaseous state at all
times.  The regulators will not operate properly if there is ANY liquid
in the system.  Perform all necessary procedures to eliminate liquid
in the system.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

a. Lower the inlet air pressure to 5 – 10 psi (0.35 – 0.70 kg/cm2) over the
discharge pressure.  (Only units with a first stage air regulator.)

b. Lower the inlet LPG vapor pressure to 5 – 10 psi (0.35  – 0.70 kg/cm2)
over the discharge pressure.

c. Close valves (#1) and (#2).  Slowly open valve (#2) for one turn.  Now
open valve (#1) for one-half turn.  Monitor the performance.

d. Gradually adjust valve (#1) until the operation is stable.  Continue to
monitor the performance.  Valve (#2) may also have to be adjusted to
obtain stable operation.

10. Tighten the packing nuts on valves (#1) and (#2) to keep them from being
unintentionally re-adjusted or moved.

11. Close the bypass valve (#3).

12. If necessary, adjust the mixing ratio by following the approved procedure.
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BLENDAIRE MIXING RATIO ADJUSTMENT PROCEDURE

These procedures require a mixed gas quality indicator or other gas quality
measurement device.  After performing the regulator adjustment procedure as
outlined above, start the mixing system and establish a moderate flow rate.
Perform the following adjustments:

1. Set the mixing ratio adjustment knob (manual) or the PID loop controller
output (auto ratio control) to 50%.

2. Monitor the gas quality.  If the mixture is close to the desired range, re-adjust
the mixing ratio by using the adjustment knob or the PID loop controller
output until the mixture is adequate.

3. If the desired quality of gas mixture cannot be achieved by the procedure
outlined above, the differential pressure may also be adjusted.

4. If the mixture is too lean (low calorific value) the differential pressure must be
increased to the LPG side.  If the mixture is too rich, it must be increased to
the airside.

5. To make the mixture richer, turn the differential pressure pilot (#11)
adjustment knob clockwise (in).  To make the mixture leaner, turn the
adjustment knob counter-clockwise (out).

NOTENOTENOTENOTE                                                                                                                                                                                                                                                                                                                                                                                                                                                    

Do not exceed 8 – 9" w.c.  for the normal adjustment.
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

The blender can be started after these procedures are completed.

STARTING THE BLENDER
With the air and the LPG systems operating, close both LPG and air inlet valves
to the Blender.  Close the LPG/air outlet valve at the blender.

STARTING THE SYSTEM EQUIPPED WITH MANUAL ADJUSTMENT

1. Apply power to the control panel.

2. Depress the START switch.

3. The solenoid valves will be actuated and the outlet pressure should increase
to operational pressure.

4. Open the manual valve.

5. Start the system on a FLARE STACK to dispose of the initial gas.
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6. As the system reaches a steady operating condition, check the differential
pressure gauge.  It should show a fluctuation less than + or – 3" w.c.  (Inches
of water).  If necessary, follow the adjustment procedures on the previous
pages.  Check all other pressure readings, and trim the corresponding
regulators as required.

NOTENOTENOTENOTE                                                                                                                                                                                                                                                                                                                                                                                                                                                    

If the start-up is done under cold conditions, and the vapor
temperature alarm comes on begin the process all over.  If liquid
has entered the system, do not restart until all liquid has been
removed.  If this condition exists, it is an indication that the system
needs adequate heat tracing.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

7. The outlet pressure can be trimmed by adjusting the air regulator pilot if
necessary.  (Do not change the output pressure from the design system
pressure without changing the safety set points to the corresponding values).

To restart the blender after a safety shutdown, determine and eliminate the
cause of failure and begin the start procedure over.

NOTENOTENOTENOTE                                                                                                                                                                                                                                                                                                                                                                                                                                                    

During initial start-up, the mixing ratio adjuster should be adjusted
to the approximate setting.  The scale is based on port areas, not
percent gas, as different gases have different flowing
characteristics.
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OperationOperationOperationOperation                                                                                                                                                    5555
SAFETY OPERATING GUIDELINES

The process control panel monitors the following safety functions:

1. Regulated air pressure at the inlet of the mixing valve.

2. Regulated vapor pressure at the inlet of the gas governor.

3. Vapor temperature at the gas governor inlet.

4. Differential pressure between the air and vapor inlets of the mixing valve.

5. Calorific value from a mixed gas quality indicator.

SHUTTING DOWN THE BLENDER

1. Put the PID loop controller in the stop mode (if equipped with automatic ratio
adjustment).

2. Close the outlet valve.

3. Press the STOP switch.

4. If the unit is to be serviced, close the air inlet isolation valve and the vapor
inlet isolation valve.

5. Do not disconnect power to the control panel.  The servo motor and control
panel on the Blendaire is equipped with a heating element and thermostat,
which are used to prevent corrosion of the components inside the
enclosures.  This circuit must always remain ON.
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Figure 5 – Blender Valve Drawing

                                                                                                                                                      
Blender Valve.wmf
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MaintenanceMaintenanceMaintenanceMaintenance                                                                                                                        6666
CAUTIONCAUTIONCAUTIONCAUTION                                                                                                                                                                                                                                                                                                                                                                                                                    

Turn off the LPG gas inlet valve to the mixer before performing any
maintenance or repairs.

CAUTIONCAUTIONCAUTIONCAUTION                                                                                                                                                                                                                                                                                                                                                                                                                    

Before performing any work on the blender, follow all safety
procedures for LPG gas; make sure there are no open flames or
electrical sparks, and wear appropriate clothing.  Turn off all
electrical power to the blender.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

Selas Blender ValveSelas Blender ValveSelas Blender ValveSelas Blender Valve
(See Figure 5)

DISASSEMBLY
Place the valve at 50% air / 50% gas before doing any maintenance on the valve.
Scribe a mark on the sleeve and body of the valve so they will be aligned when
re-assembled.  Mark and note the position of the adjustment screw.  All these
components must be re-installed in the same position they were in when
removed.

The blender sleeve and piston operate at close tolerances.  For proper operation
the piston must have free movement.  If the LPG gas entering the system is very
dirty or has heavy end products, the blender valve may have to be cleaned more
frequently.

PROCEDURE FOR CLEANING THE BLENDER VALVE
(See figure 5)

1. To expose the internal parts, remove the valve cover (#6).  Next, unscrew the
piston locknut (#13) from the diaphragm spindle (#14) and remove the piston
(#3).

NOTENOTENOTENOTE                                                                                                                                                                                                                                                                                                                                                                                                                                                    

For easier removal, coat the hex nuts of the valve cover and the
gasket with a light grease or anti-seize compound.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

2. Remove all debris that has accumulated in the valve.  Wipe clean all
accessible areas, using a cloth saturated with solvent.  Do not overlook the
orifice opening located in the valve body – they must be free of any
obstruction.

3. Remove loose grit and dirt from the piston (#3) and sleeve (#2) and carefully
inspect the surfaces for corrosion and abrasions.
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4. Remove hard deposits with a crocus cloth or steel wool dipped in a quick
evaporating solvent such as acetone or lacquer thinner.  Never use grit or
emery since metal removal can alter the fit of the components.  It is important
during this cleaning operation not to mar or deform in any way the sharp
metering edges of both the piston and sleeve ports.

5. Remove the balancing line tubing (#7) and clean by blowing high pressure air
through the tube.  (Make sure that both ends of the balancing lines are
disconnected).

6. A drain plug (#44) is located in the diaphragm cap (#16).  It should be
removed to drain excessive condensation from the mixing valve.

7. If the sleeve does not rotate easily in the valve body is also needs to be
cleaned.  For preventive maintenance the sleeve should also be cleaned
every year.

To clean the sleeve, remove the ratio adjustment assembly (#9) from the
adjustment pivot (#15).  Carefully lift the sleeve from the valve body, using a
steady vertical lift in order to prevent binding.  Clean it the same way the
piston is cleaned.

NOTENOTENOTENOTE                                                                                                                                                                                                                                                                                                                                                                                                                                                    

Never coat any part of the piston or inside of the sleeve with oil or
grease, as this will attract abrasive impurities from the gas or air
supply and may clog or restrict operation.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

Before re-assembling the sleeve in the valve body, coat the outside of the
sleeve and the inside of the valve body with a dry lubricant such as graphite.
Carefully replace all of the parts, making sure not to force them.  Wipe off all
excess lubricant from the port area.

8. Re-install the clean piston and line it up with the scribe marks that were
made before disassembly.

If no scribe marks were made, the indicator scale must be reset according to
the scribe marks on the piston and sleeve made at the factory.

9. Replace the ratio adjustment assembly and apply lithium grease to the
adjustment screw (#45).
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RESETTING OF SCALE
1. The scale assembly must be adjusted with the blender valve cover removed

so scribe marks on the piston and sleeve can be observed.

2. Scribe marks are put on the piston and sleeve at the factory to show their
relative alignment.  When these "Gas" port scribe marks are matched, they
indicate the position of 50% "Air" – "50"% Gas.

3. To correctly set the scale, the marks must match.  With the marks set, screw
the ratio adjuster motor into the adjustment pivot.  The 50% "Air" position on
the scale must be maintained for the system to be aligned.

4. When the motor assembly is flush with the valve body and the scribe marks
are aligned, secure the assembly.

5. Re-install the valve cover.

REPLACING THE DIAPHRAGMS
(See figure 5)

The elastomeric diaphragm (#19) requires little maintenance and only needs to
be replaced if it becomes brittle and/or is ruptured.  If either occurs, the
diaphragm can be replaced as follows:

1. Disconnect the tube fitting (#8), and remove the diaphragm cap.

2. Remove the valve cover (#6) and unscrew the piston lock nut (#13).

3. Unscrew the hex nut (#33), removing the diaphragm assembly (#17) and
diaphragm washers (#18).

4. The assembly and diaphragm spindle will drop out.

5. Clean the diaphragm spindle.

6. Replace the diaphragm spindle and re-assemble the piston lock nut.

7. Replace the defective diaphragm with a new one.

8. Reassemble the plates and washers.

9. Check for full diaphragm travel to assure the new diaphragm travels freely.

10. Lift the diaphragm cap into position and fasten it to the valve body with cap
screws.

NOTENOTENOTENOTE                                                                                                                                                                                                                                                                                                                                                                                                                                                    

Flat diaphragms require a pleating along the outer edge to provide
the slack, which will allow vertical movement.  To accomplish this,
evenly space the pleats between the bolt holes allowing no more
than one fold at any one point under the clamping surface.
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Figure 6 – FVO valve drawing

Fvoman1.wmf
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CAUTIONCAUTIONCAUTIONCAUTION                                                                                                                                                                                                                                                                                                                                                                                                                    

Turn off the LPG gas inlet valve and air inlet valve to the mixer
before performing any maintenance or repairs.

CAUTIONCAUTIONCAUTIONCAUTION                                                                                                                                                                                                                                                                                                                                                                                                                    

Before performing any work on the blender, follow all safety
procedures for LPG gas; make sure there are no open flames or
electrical sparks, and wear appropriate clothing.  Turn off all
electrical power to the blender.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

FVO Blender ValveFVO Blender ValveFVO Blender ValveFVO Blender Valve
(See Figure 6)

ASSEMBLY
Clean the blender valve as operating experience dictates.  The blender sleeve
and piston operate at close tolerances.  They must be clean for free movement.
If the LPG gas entering the system is very dirty or has heavy end products, the
blender valve may have to be cleaned more frequently.  Dirty air may also
require more frequent cleaning.

Place the valve back at 50% air / 50% gas before doing any maintenance on the
valve.  This will align all of the alignment marks in line with the discharge.

PROCEDURE FOR CLEANING THE BLENDER VALVE
(See figure 6)

1. To expose the internal parts, remove the valve cover.  Next, unscrew the
thumbscrew with the Travel Indicator Push Rod still attached from the Piston
Rod and the 4 allen head screws around the top of the piston.  Remove the
piston.

NOTENOTENOTENOTE                                                                                                                                                                                                                                                                                                                                                                                                                                                    

For easier removal, coat the hex nuts of the valve cover gasket with
a light grease or anti-seize compound.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

2. Remove all debris that has accumulated in the valve.  Wipe clean all
accessible areas, using a cloth saturated with solvent.  Do not overlook the
orifice opening located in the valve body – it must be free of any obstruction.

3. Remove loose grit and dirt from the piston and sleeve and carefully inspect
the surfaces for corrosion and abrasions.

4. Remove hard deposits from the piston with a crocus cloth or steel wool
dipped in a quick evaporating solvent such as acetone or lacquer thinner.  Do
not use any abrasives on the sleeve, it might remove the anodized surface.
Never use grit or emery since metal removal can alter the fit of the
components.  It is important during this cleaning operation not to mar or
deform in any way the sharp metering edges of both the piston and sleeve
ports.
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NOTENOTENOTENOTE                                                                                                                                                                                                                                                                                                                                                                                                                                                    

Never coat any part of the piston or inside of the sleeve with oil or
grease, as this will attract abrasive impurities from the gas or air
supply and may clog or restrict operation.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

5. Remove the balancing line tubing and clean by blowing high pressure air
through the tube.  (Make sure that both ends of the balancing lines are
disconnected).  This will drain any excessive condensation from the mixing
valve.

6. If the ratio adjustment assembly does not move easily it will also need to be
cleaned.  For preventive maintenance the ratio adjustment assembly may
need to be cleaned every year.

To clean the ratio adjustment assembly, remove the Piston Rod Clamp from
the Piston Rod.  Remove the bearing hold down plate.  Before removing the
bearing and adjuster sector gear scribe a mark on the gear and rack so that
they can be reassembled in the right orientation.  Loosen the 4 setscrews in
the bearing and lift the bearing and sector gear together.

When re-assembling the Adjuster Sector Gear on the Piston Rod, be careful
not to damage or lose the felt wipers in the top and bottom of the bearing.
Make sure to line up the scribe marks between the Adjuster Sector Gear and
the Adjuster Rack Gear.  Before re-tighten the set screws in the bearing
apply a low strength lock-tight to the threads to prevent them from backing
out.  Carefully replace all of the parts, making sure not to force them.  The
top of the Piston rod clamp should be flush with the top of the Piston Rod.
Wipe off all excess lubricant from the port area.

7. Re-install the clean piston by aligning the alignment mark with the mark on
the sleeve.

8. Replace the 4 Allen head screws and the thumbscrew with the travel
indicator push rod still attached.  Replace the lid and tighten bolts in a star
pattern.
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RESETTING OF SCALE
1. The scale assembly must be adjusted with the blender valve cover removed

so alignment marks on the piston, sleeve, and valve body can be observed.

2. Alignment marks are put on the piston, sleeve, and valve body at the factory
to show their relative alignment.  When these marks are matched, they
indicate the position of 50% "Air" – 50% “Gas”.

3. The ratio adjuster indicator should be installed at 50% “Air” – 50% “Gas”.

4. Stroke the servomotor in forced mode to 50% and re-install.

5. Re-install the valve cover and check for leaks.

REPLACING THE DIAPHRAGMS

The diaphragm supplied requires little maintenance and only needs to be
replaced if it becomes brittle and/or is ruptured.  If either occurs, the diaphragm
can be replaced as follows:

1. Remove the valve cover.

2. Support the piston from above in the full open position.

3. Disconnect the tube fitting, and remove the diaphragm cap.

4. Remove the old diaphragm.

5. Make sure the chamber that houses the diaphragm is clean and dry.

6. Apply talcum powder to both sides of the diaphragm.

7. Replace the defective diaphragm with the new one.

8. Check the spacers in the diaphragm cap (if equipped).  They should be
mounted firmly.  If they are loose they need to be glued down.

9. Check for full diaphragm travel to assure the new diaphragm travels freely.

10. Lift the diaphragm cap into position and retighten all fasteners.

11. Replace the valve cover and check for leaks.
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TEMPERATURE SENSOR
The temperature sensor on the LPG side of the Blendaire must be calibrated
once every year.  Perform the following procedures to calibrate the sensor.

1. Turn of the electricity to the system.

2. As previously described, shut down the system and bleed it down completely
so all pressures are zero.

3. Remove the wire connection and the temperature transmitter.

4. The accuracy of the temperature transmitter can be tested by measuring the
resistance across the two wires it while it is immersed in water of a known
temperature.  For example, if the temperature transmitter is immersed in a
container of ice water with the temperature 0° C, the resistance should be
100.000.  If it is placed in a container of boiling water, 100° C, the resistance
should be 138.500.  If the resistance is off by 2%, a new temperature
transmitter should be installed.  See the enclosed resistance/temperature
table for a reference.
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REPLACEMENT OF THE ROTARY ACTUATOR SERVO-MOTOR

1. Check all circuits for operation and functionality.

2. Make all necessary connections from the process control panel to the motor
on the Blendaire valve.

3. Remove the aluminum cover from the motor and switch assembly.

4. Remove motor from shaft.  Using the PID controller controls in manual, run
the motor to 50% gas.

5. Position the blender valve inner sleeve so that it is in the 50% gas position.
Re-install the motor at this time.

6. Slowly operate the motor to 70% gas using the PID controller.  Adjust the
outer limit switch to trip at this point.  Now operate the motor to 30% gas
using the PID controller.  Adjust the outer limit switch to trip at this point.

7. Run the motor slowly from 100% to 0% and back to double check the range
and limit switches.  Set the motor to 50%.

8. Check the heater for operation.  The aluminum body of the motor should be
warm to the touch.  (Do not touch the heating element directly because it is
very hot).

9. Apply a sealer to the locknuts of the limit switches to secure them.
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BLENDAIRE PLC CONTROLLERBLENDAIRE PLC CONTROLLERBLENDAIRE PLC CONTROLLERBLENDAIRE PLC CONTROLLER

The ASDI Blendaire PLC Controller is accessed by removing the cover.

NOTENOTENOTENOTE                                                                                                                                                                                                                                                                                                                                                                                                                                                    

Do not attempt to repair the PLC modules.  If the module is
defective, the entire module should be replaced.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

REPLACING ANALOG
INPUT MODULE
(SLOT 0):

! Turn off power at the disconnect.  MODULES must not be removed with
power applied to the PLC.

! Press the small tab on the right located under the cover and pull the cover
out from the bottom.

! Squeeze the tabs on the top and bottom of the terminal block and pull it out.

! Pull outward on the retaining clips, located at the top and bottom, to unlock
the module.

! Remove the module by grasping the top and bottom and sliding it outward.

! Replace the module by sliding it into the slot.  Align the PC board(s) on the
module with the grooves on the top and bottom of the base.  Push the
module straight into the base until it is firmly seated in the back-plane
connector.

! Once the module is inserted into the base, push the retaining clips located at
the top and bottom to firmly secure the module.

! Replace the terminal block. Replace the cover by inserting the tab in the top
and push in the cover.

Figure 7 – Replacing Analog Input Module Removal Drawing

                                                                                                                                                      
Analog Input Module Removal.wmf
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REPLACING AC
INPUT AND OUTPUT MODULES
(SLOT 1 AND 2):

! Turn off power at the disconnect.  Modules must not be removed with power
applied to the PLC.

! Squeeze the tabs on the top and bottom of the terminal block and pull it out.

! Pull outward on the retaining clips, located at the top and bottom, to unlock
the module.

! Remove the module by grasping the top and bottom and sliding it outward.

! Replace the module by sliding it into the slot.  Align the PC board(s) on the
module with the grooves on the top and bottom of the base.  Push the
module straight into the base until it is firmly seated in the back-plane
connector.

! Once the module is inserted into the base, push the retaining clips located at
the top and bottom to firmly secure the module.

! Replace the terminal block.

Figure 8 – Replacing AC Input and Output Modules

                                                                                                                                                      
Module Removal.wmf
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CONTROL BOX HEATER
The CONTROL BOX is equipped with a heater to prevent condensation and to
insure that all the electrical components operate within their allowed temperature
range.  The heater is mounted on the back side of the control panel and is not
visible.  The heater is controlled by two thermostats.  One thermostat (#1)
(heater operating thermostat) is mounted on the STOP Switch and the second
thermostat (#2) over temperature safety is mounted directly on the control panel.

TESTING THE
CONTROL BOX HEATER

If the heater is not on due to ambient temperature being higher than the
thermostat settings, the heater can be checked by the following procedure:

The operating thermostat is on at 45° F and off at 60° F. The high temperature
limit thermostat opens at 150° F.

! Turn off the control box power at the disconnect.

! Open the control box.

! Jumper the thermostat #1 mounted on the STOP Switch.

! Turn on the power at the disconnect.

! Monitor the control panel temperature to determine if it is heating up.

CAUTIONCAUTIONCAUTIONCAUTION                                                                                                                                                                                                                                                                                                                                                                                                                    

Control Panel will get hot!
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

! Turn off the control box power at the disconnect.

! Remove the thermostat jumpers.

! Put the cover on the control box .

! Turn on the power.
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Blendaire Maintenance ScheduleBlendaire Maintenance ScheduleBlendaire Maintenance ScheduleBlendaire Maintenance Schedule

DESCRIPTION FIRST MONTH EVERY MONTH EVERY
6 MONTHS EVERY YEAR EVERY

2 YEARS

Selas Mixing
Valve

Clean and
dry lube*.

Clean and
dry lube*.  (if
required)

Clean and dry
lube*(if required)
outer sleeve and
adjustment
screw.

Polish piston
and sleeve.

Replace
diaphragm.

FVO Mixing
Valve

Clean and dry
lube.

Clean and dry lube.
(if required)

Polish piston
and sleeve.

Replace
diaphragm.

Pilot Clean pilot filters
with solvent.

Clean pilot filters
with solvent.

Re-build pilot.

Replace pilot
filters.

Regulator Inspect and
clean lines. Clean upper body. Clean and

re-build.

Safety Valve Check.

Rebuild
actuator.

Replace main
valve seal.

Temperature
Transducers Re-calibrate. Re-calibrate or

replace.
PLC Controller
Circuits Check.

PLC Controller
Safeties Check. Check.

Solenoid Valves Check operation. Clean valve. Rebuild valve.
Differential
Pressure Switch
Check Points

Check

Control Lines Clean and purge.

* Only use dry lubricant on the outside of the sleeve and the inside of the valve body.
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TroubleshootingTroubleshootingTroubleshootingTroubleshooting                                                                                        7777
PROBLEM CAUSE SOLUTION

Alarm and Vaporizer Limits
sound immediately. Vaporizer not functioning normally. Vaporizer must be operating

correctly.
Air pressure regulator is set too high or
is malfunctioning.

Check air pressure regulator
operation.Alarm and High Pressure

sound after 15 seconds. High pressure gas is trapped in the
blender. Bleed the LPG gas line.

The first stage vapor regulator located
near the vaporizer is malfunctioning or
is misadjusted.

Check and repair the first stage
regulator.

The pump pressure to the vaporizer is
low.

Check pump operation and
incoming lines.

Safety solenoid valves malfunctioning. Repair solenoid valves.

Alarm and Low Vapor
Pressure sound after 15
seconds.

Vapor shut-off valve is closed. Open vapor shut-off valves.

Broken gas governor. Check the gas governor for
operation.

Faulty mixing valve diaphragm. Check the mixing valve for
ruptured diaphragm.

Improper air pressure. Check the high pressure air
supply.

Alarm and Differential
Pressure sound after 15
seconds.

Faulty solenoid valves. Check the safety solenoid
valves.

System not yet warmed up.

Re-start the blender at the
control panel and put a small
load on the system to warm up
the temperature switch.

The vaporizer is not set warm enough. Re-set the vaporizer.

Alarm and Low Vapor
Temperature come on after the
delay period.

The system load is too high for the
vaporizer.

Reduce the system load to
operating parameters.
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This manual covers all ranges of models;
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This page intentionally left blank.



- 1 -

_________________________________________________________________
                              User's Manual:  Series 340I

 Model 340I DC-Powered Input Isolator
_________________________________________________________________

Table of Contents Page

      Introduction.......................................................................................................................... 2
      Description ........................................................................................................................... 2
      Specifications........................................................................................................................ 3
      Installation............................................................................................................................ 5
      Calibration............................................................................................................................ 7
      General Maintenance............................................................................................................. 7

List of Drawings

      Electrical Connections: (No. 4501-261). ............................................................................... 8
      Dimensions: DIN Rail Mounting (No. 4501-262).................................................................. 9
      Electrical Connections: Power Supply Configurations (No. 4501-263) ................................ 10
      Load Resistance Versus Supply Voltage (No. 4501-265) .................................................... 11

=================================

IMPORTANT SAFETY CONSIDERATIONS

==================================

It is very important for the user to consider the possible adverse effects of power, wiring,
component, sensor, or software failures in designing any type of control or monitoring system.
This is especially important where economic property loss or human life is involved.  It is
important that the user employ satisfactory overall system design.  It is agreed between the Buyer
and Acromag, that this is the Buyer's responsibility.

Acromag, Inc. Tel: (248) 624-1541
30765 South Wixom Road FAX: (248) 624-9234
P.O. Box 437
Wixom, Michigan  48393-7037, USA

Copyright 1993 Acromag, Inc.  Printed in USA
Data and specifications subject to change without notice

8500-334-B93K008



Series 340I User's Manual Process Current Input Isolator
_________________________________________________________________
_____________

- 2 -

INSTRUCTIONS:  SERIES 340I
Process Current Input Isolator, DC Powered

INTRODUCTION:
These instructions cover the model types listed in Table 1 below.  Supplementary sheets

are attached for units with special options or features.

Table 1:
A.  Model Number Format :  340I-Input-Output-Mounting-Certification
B.  Typical Model Number:  340I-C1-Y-DIN-NCR

Series -Input -Output -Mounting -Certification

340I -C1 -Y -DIN -NCR
-Agency Approval 2

Notes (Table 1):
1.   All units are factory calibrated for 4 to 20mA DC input and 4  to 20mA DC output
      (no "-C" suffix needed).
2.   Consult the factory for current information on agency (e.g. Canadian Standards
      Association, etc.) approvals.

DESCRIPTION:
This DC powered input isolator accepts a 4 to 20mA DC input signal and provides an

isolated 4 to 20mA DC output signal.  The isolator operates from a wide supply range, has a low
input burden, is RFI and EMI protected, and operates over a large temperature range with
excellent temperature coefficients, which minimize effects from the harsh plant environment.

The Series 340I is a DIN-rail mounted, process current isolator, designed to be used as
another functional component to provide the user with a modular approach to the varied
applications in the field.  Unlike the Series 270I which is a two-wire loop-powered isolator, the
Series 340I is a three-wire isolator.  That is,  Series 340I Isolators require a separate power supply
connection, while the output signal and DC power share a common lead.  The small package size,
low power requirements, and wide supply range offers maximum flexibility to the user.  As a three-
wired DC powered device, it can also be used in critical applications that require the use of
redundant supplies.  The Series 340I includes reverse polarity protection, current limiting, and
operates from a single 10V to 36V DC supply.  In applications requiring only a single isolator, the
340I can use available DC power, or it can be wired to an optional Series 35PS power supply
module.  The Series 35PS power supply module receives it's power from either 115V AC or 230V
AC.  Applications requiring multiple isolators at a single location can more efficiently share a
single DC supply.  The modular approach of this design and companion Acromag flat-pack
modules allows additional transmitters, input modules, isolators, and alarms to be easily integrated,
as required.  See Drawing 4501-261 for a simplified Series 340I schematic.
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Input wiring is inserted in the bottom of the unit, while output and power wiring is inserted
at the top of the unit.  Screws to secure the wiring are located on the front panel.  Connectors are
screw-clamp type and accept wire size up to #14 AWG.

Key 340I Features:
* True Galvanic (Transformer) Isolation
* Wide Ambient Temperature Range
* 1-Inch Wide DIN Mounted Package
* DC Powered, Wide Supply Range
* Allows Use of Redundant Supplies

* Low Input Burden (less than 1.5V)
* Highly Accurate and Stable
* No Load Trimming Required
* Current Limiting Included
* 0-500 ohm Load Range (15V supply)

SPECIFICATIONS:
Function:  This DC powered isolator accepts a 4 to 20mA DC input, has input circuit isolation,
and provides a 4 to 20mA DC output.  The output and DC power share a common terminal (3-
Wire connection).  The Zero and Span trim adjustments utilize 15-turn potentiometers accessible
from the front of the unit.  This isolator is DIN-rail mounted.

MODEL/SERIES:  340I-  (Color coded with a white label)

INPUT:

-C1:  4 TO 20mA DC, with an input drop less than 1.5V at full-scale.
         IMPORTANT:  Input current must not exceed 100mA or damage to the unit
         could occur.

Isolation:  The input circuit is electrically isolated from the output and power circuits, allowing
the input to operate at up to 250V AC, or 354V DC off ground, on a continuous basis (will
withstand 1500V AC dielectric strength test for one minute without breakdown).  This
complies with test requirements outlined in ANSI/ISA-S82.01-1988 for the voltage rating
specified.

OUTPUT:

-Y:   4 to 20mA DC.  The output shares a common with the power supply.

NOTE:  A voltage output option is not available for the Series 340I.
             Instead, specify Model 350T-C1-Vx-NCR-C if this is a requirement
             of your application.

Load Resistance Range Equation:  The maximum load resistance is a function of available power
supply voltage as follows (refer to Drawing 4501-265):

R-Load (Maximum) = (Minimum VDC supply - 5.0V) / 0.02A

That is,  with a 10.0V DC supply, R-Load = 0 to 250 ohms
             with a 15.0V DC supply, R-Load = 0 to 500 ohms
             with a 24.0V DC supply, R-Load = 0 to 950 ohms
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Output Limiting:   Output current is limited to 27mA, nominal.

Output Ripple:   Less than +/-0.1% of the maximum output span.

Power:  10.0V to 36.0V DC, 27mA, nominal.  The external DC power supply is connected
between the output (P) and (-) terminals.  The output shares a common connection with
the power supply.  The current specified is for rated supply inputs and full-scale output.
Supply current is limited to 34mA, maximum.  Diode installed in isolator provides reverse
polarity protection.

IMPORTANT: Do not exceed 36V DC peak, to avoid damage to the isolator.

Power Supply Effect:

DC Volts: less than +/-0.001% of output span per volt DC change in supply.
60/120Hz Ripple:  less than +/-0.01% of span per volt peak-to-peak of power supply
ripple.

Reference Test Conditions:  Input/Output current: 4 to 20mA; output load 250 ohms; 77oF
(25oC); +15V DC supply.

Accuracy:  Better than +/-0.1% of output span.  This error includes the combined effects of
isolator repeatability, hysteresis, terminal point linearity and adjustment resolution.  Does
not include sensor error.

Ambient Temperature Range: -13oF to 185oF (-25oC to 85oC).

Ambient Temperature Effect:  Less than +/-0.003% of output span change per oF
(+/-0.005% per oC) over the ambient temperature range for reference test conditions.  This
specification includes the combined effects of zero and span over temperature.

Bandwidth:  -3dB at 50Hz, typical, with 500 ohm load.

Response Time:  For a step input, the output reaches 98% of output span in 25ms, typical, with
500 ohm load.

Noise Rejection:

Normal Mode:  -6dB at 60 Hz, typical, with 500 ohm load.

Common Mode: -95dB at 60Hz, typical, with 500 ohm load.

RFI Resistance:  Less than +/-0.5%, of output span with RFI field strengths of up to 10V/meter
at frequencies of 27, 151 and 467 MHz.

EMI Resistance: Less than +/-0.25% of output span effect with switching solenoids or
commutator motors.

Surge Withstand Capability (SWC):  Input/Output terminations rated per ANSI/IEEE C37.90-
1978.  Unit is tested to a standardized test waveform that is representative of surges (high
frequency transient electrical interference), observed in actual installations.
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Construction:

Printed Circuit Boards: Military grade FR-4 epoxy glass circuit board.
Terminals: Compression type, wire size 14 AWG maximum.
Case: Self-extinguishing NYLON Type 6.6 polyamide thermoplastic UL94V-2, color
black.  General Purpose, NEMA Type 1 enclosure.
Printed Circuit Board Coating:  Fungus resistant acrylic conformal coat.
Mounting Position:  Position insensitive.

MOUNTING:

-DIN:   General Purpose Housing, DIN-Rail Mount - "G" & "T" rails.  "G" Rail (32mm),
Type EN50035; "T" Rail (35mm), Type EN50022.  Refer to Drawing 4501-262 for outline
and clearance dimensions. Shipping Weight: 1 pound (0.45Kg) packed.

CERTIFICATION:   Consult the factory for current information on the availability of agency
(e.g. Canadian Standards Association, Factory Mutual, etc.) approvals.

-NCR: No Certification Required.

INSTALLATION:
The isolator is packaged in a general purpose type of enclosure.  Use an auxiliary enclosure

to protect against unfavorable environments and locations.  Maximum operating ambient
temperatures should be within -13 to 185oF (-25 to 85oC) for satisfactory performance.  If the has
been calibrated, it is ready for installation.  Connect as shown in the connection diagram of
Drawing 4501-261.  To verify calibration, refer to the "CALIBRATION" section.

Mounting:

Mount isolator assembly - refer to Drawing 4501-262 for DIN-rail mounting and clearance
dimensions.

DIN Rail Mounting:   Using suitable fastening hardware, secure the
          DIN rail to the designated mounting surface.  A transmitter, can be
          mounted to either the "T" or "G" Rail.  Installation of the
          transmitter to the rail depends on the type of DIN rail used.  Units
          can be mounted side by side on 1.0 inch centers, if required.

    "T" Rail (35mm), Type EN50022:  To attach a transmitter to this
          style of DIN rail, angle the top of the unit towards the rail and
          locate the top groove of the adapter over the upper lip of the rail.
          Firmly push the unit towards the rail until it snaps solidly into
          place.  To remove a transmitter, insert a screwdriver into the lower
          arm of the connector and pull downwards while applying outward
          pressure to the bottom of the unit.
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"G" Rail (32mm), Type EN50035:  To attach a transmitter to this style of DIN rail,
angle the unit so that the upper groove of the adapter hooks under the top lip of the rail.
Firmly push the unit towards the rail until it snaps solidly into place.  To remove a
transmitter, pull the lower part of the unit outwards until it releases from the rail, lift unit
from rail.

Electrical Connections:
The wire size used to connect the unit to the control system is not critical.  All terminal
strips can accommodate wire from 14-26 AWG.  Strip back the insulation 1/4 inch on each
lead before installing it into the terminal block.  Input wiring may be either shielded or
unshielded twisted pair.  Output wires should be twisted pair.  Since common mode
voltages can exist on signal wiring, adequate wire insulation should be used and proper
wiring practices followed.  It is recommended that output and power wiring be separated
from the signal wiring for safety, as well as for low noise pickup.

1. Power: Connect DC power supply per connection diagram, refer to Drawing 4501-
261.  This isolator operates from DC power supplies only.  Power supply voltage is not
critical and should normally be from 10 to 36V DC.  The supply voltage must not
exceed 36V, or damage to the unit may occur.  The power supply voltage must be
adequate to furnish full-scale current to the load(s).  Rated variations in power supply
voltage or load resistance have negligible effect on isolator accuracy.  Refer to "Power"
in the preceding "SPECFICATIONS" section for current requirements.  The minus (-)
power supply lead and the minus (-) output lead share a common terminal.  Power
connections are reverse polarity protected.  Refer to Drawing 4501-263 for other
power supply configurations.

Ripple and Noise:  Power supply ripple at 60Hz/120Hz is reduced at the load by the
isolator.  The ripple at the load will be less than +/-0.01% of span per volt peak-to-
peak of power supply ripple.

2. Output:  Connect output per connection diagram, refer to Drawing 4501-261.  Load
range is a function of the module's power supply voltage; refer to "Output" in the
preceding "SPECIFICATIONS" section (see Drawing 4501-265).  The output shares a
common with the power supply.

3. Grounding:   The transmitter housing is plastic and does not require an earth ground
connection.

4. Input:   Input is 4 to 20mA DC.  Connect input per connection diagram, observe
proper polarity.   NOTE: The input circuit is electrically isolated from the
output/power circuit allowing the input to operate up to 250V AC or 354V DC off
ground on a continuous basis.
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CALIBRATION:

All units are calibrated and checked for proper performance at the factory before they are
shipped.  The calibration example below is provided for reference.

Isolator - Adjustment Procedure:
Connect the isolator as shown in the recommended calibration connections of the

connection diagram (Drawing 4501-261).  The input current source must be adjustable over the
entire input range of the unit and settable to an accuracy of 0.05% or better for proper results.

The Zero and Span adjustments are accessible on the front panel of the isolator, see
Drawing 4501-261 for location.  The Zero and Span trim provided are not wide-range adjustable
and are suitable for fine tuning only.  The screwdriver blade used to adjust the potentiometers
should not be more than 0.1 inch (2.54mm) wide.

Isolator - Calibration Example:  MODEL : 340I-C1-Y-DIN-NCR
Input : 4 to 20mA DC
Output: 4 to 20mA DC

1. Set the input source to 4.000mA.  Adjust the Zero (Z) pot until the output reads
4.000mA DC (NOTE: If you have trouble reaching zero, you may have to first set the
span near 16.000mA).

2. Set the input source to 20.000mA.  Adjust the Span (S) pot until the output reads
20.000mA DC.

3. Repeat steps 1 and 2 until the readings converge.

4. Check the midpoint by setting the input source to 12.000mA.  The output should read
12.000mA +/-0.016mA DC.  The instrument is now calibrated.

GENERAL MAINTENANCE:
The isolator contains solid-state components and requires no maintenance except for periodic
cleaning and calibration verification.  When a failure is suspected, a convenient method for
identifying a faulty isolator is to exchange it with a known good unit.  It is highly recommended
that a non-functioning isolator be returned to Acromag for repair, since Acromag makes use of
tested and burned-in parts, and in some cases, parts that have been selected for characteristics
beyond that specified by the manufacturer.  Further, Acromag has automated test equipment that
thoroughly checks the performance of each isolator.
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Figure 1 shows a S90 Double Acting Actuator completing the Air Stroke Counterclockwise to the Open Position. When pressure is applied to 
the Left Input Port (A), the actuator will exhaust through the Right Input Port (B). The Pistons (C) will move away from each other, and the 
Output Shaft (D) will rotate in a counterclockwise direction when viewed from the top. The Pistons will move until they reach the adjustable 
Travel Stops (E). Adjustment of the Travel Stops will precisely regulate the rotation of the Output Shaft.  

Figure 2 shows a S90 Double Acting Actuator completing the Air Stroke Clockwise to the Close Position. When pressure is applied to the 
Right Input Port (B), the actuator will exhaust through the Left Input Port (A). The Pistons (C) will move toward each other, and the Output 
Shaft (D) will rotate in a clockwise direction when viewed from the top. The Pistons will move until they touch each other.  

 

Figure 3 shows a S91 Single Acting Actuator completing the Air Stroke Counterclockwise to the Open Position. When pressure is applied to 
the Left Input Port (A), the actuator will exhaust through the Right Input Port (B). This Pistons will move away from each other, compressing 
the spring cartridges, and the Output Shaft (D) will rotate in a counterclockwise direction when viewed from the top. The Pistons will move 
until they reach the adjustable Travel Stops (E). Adjustment to the Travel Stops will precisely regulate the rotation of the Output Shaft.  

Figure 4 shows a S91 Single Acting Actuator completing the Spring Stroke Clockwise to the Close Position. When no pressure is applied to 
the Input Ports (A and B), the springs will force the Pistons (C) toward each other, and the Output Shaft (D) will rotate in a clockwise 
direction when viewed from the top. The Pistons will move until they touch each other. Air will be drawn in through the Right Input Port (B) 
as the Pistons move together.  
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Installation, Maintenance, & Repair 
Specifications: Series 30/31/34 

Technical Bulletin No. 1071 
February 1993

I. Shipment & Storage
A. The seat, disc, stem, and bushing of the butterfly valve should be coated with silicone lubricant as 

recommended by Bray Technical Bulletin 1028.
B. The disc should be positioned at 10% open.
C. The faces of each valve should be covered with cardboard, plywood, plastic plates, etc. to prevent damage to 

the seat face, disc edge, or butterfly valve interior.
D. Valves should be stored indoors with face protectors intact. Temperature should preferably be 40°F to 85°F.
E. When valves are stored for a long time, open and close the valves once every 3 months.
F. Ship and store valves so that no heavy loads are applied to the bodies.

II. Installation Considerations - Piping and Valve Orientation and Placement
A. Piping and Flange Compatibilities - The Series 20/21 butterfly valves have been designed to be suitable for 

all types of ANSI 125/150 flanges, whether flat-faced, raised-face, slip-on, weld-neck, etc. (Type C stub-end 
flanges conform to no standard for the flange face and are not recommended for use with resilient-seated 
butterfly valves.)These valves have been engineered so that the critical disc chord dimension at the full open 
position will clear the adjacent inside diameter of most types of piping, including Schedule 40, lined pipe, 
heavy wall, etc. If in question, one should compare the minimum pipe I.D. with the published disc cord 
dimension at full open.

B. Valve Location and Orientation in Piping -
1. Valve Location - Butterfly valves should be installed if possible a minimum of 6 pipe diameters from other 

line elements, i.e., elbows, pumps, valves, etc. Of course, 6 pipe diameters is not always practical, but it is 
important to achieve as much distance as possible. Where the butterfly valve is connected to a check valve or 
pump, use an expansion joint between them to ensure the disc does not interfere with the adjacent 
equipment.

2. Valve Orientation -
a. In general, Bray recommends the valve be installed with the stem in the vertical position and the actuator 

mounted vertically directly above the valve,; however there are those applications as discussed below 
where the stem should be horizontal. The valve should not be installed upside down.

b. For slurries, sludge, mine tailings, pulp stock, dry cement, and any media with sediment or particles, Bray 
recommends the valve be installed with the stem in the horizontal position with the lower disc edge 
opening in the downstream direction.

c. For valve orientation downstream of pump, bend, etc., see Bray Technical Bulletin 1025.

III. Installation Procedure
A. General Installation

1. Make sure the pipeline and pipe flange faces are clean. Any foreign material such as pipe scale, metal chips, 
welding slag, welding rods, etc., can obstruct disc movement or damage the disc or seat.

2. The Bray elastomer seat has molded o-rings on the face of the seat. As a result, no gaskets are requiredas 
these o-rings serve the function of a gasket.

3. Align the piping and then spread the pipe flanges a distance apart so as to permit the valve body to be easily 
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dropped between the flanges without contacting the pipe flanges.
4. Check to see that the valve disc has been positioned to a partially open position, with the disc edge about 1/2" 

to 3/8" from the face of the seat (approximately 10 degrees open.)
5. Insert the valve between the flanges, taking care not to damage the seat faces. Always pick the valve up by 

the locating holes or by using a nylon sling on the neck of the body. Never pick up the valve by the actuator 
or operator mounted on top of the valve.

6. Place the valve between the flanges, center it, and then span the valve body with all flange bolts, but do not 
tighten the bolts. Carefully open the disc to the full open position, making sure the disc does not hit the 
adjacent pipe I.D. Now systematically remove jack bolts on the other flange spreaders, and hand-tighten the 
flange bolts. Very slowly close the valve disc to ensure disc edge clearance from the adjacent pipe flange I.D. 
Now open the disc to full open and tighten all flange bolts per specification. Finally repeat a full close to full 
open rotation of the disc to ensure proper clearances.

B. Installation with Flange Welding - When butterfly valves are to be installed between ANSI welding type 
flanges, care should be taken to abide by the following procedure to ensure no damage will occur to the seat:
1. Place the valve between the flanges with the flange bores and valve body bore aligned properly. The discs 

should be in the 10 degrees open position.
2. Span the body with the bolts.
3. Take this assembly of flange-body-flange and align it properly to the pipe.
4. Tack weld the flanges to the pipe.
5. When tack welding is complete, remove the bolts and the valve from the pipe flanges and complete the 

welding of the flanges. Be sure to let the pipe and flanges cool before installing the valve. 

NOTE: Never complete the welding process (after tacking) with the valve between pipe flanges. This causes 
severe seat damage due to heat transfer. 

IV. Maintenance and Repair
The many Bray features minimize wear and maintenance requirements. No routine lubrication is required. All 
components - stem, disc, seat, bushing, stem seal, etc., are field replaceable, no adjustment is required. If 
components require replacement, the valve may be removed from the line by placing the disc near the closed 
position, then supporting the valve and removing the flange bolts. No valve maintenance, including removal of 
manual or power actuators, should be performed until the piping system is completely de-pressurized.

V. Disassembly and Assembly
A. Disassembly - Remove handle, gear operator, or actuator from actuator mounting flange. Remove the 

"Spirolox" retaining ring and the two C-ring stem retainers from the stem hole, then remove the stem, bushing 
and seal. Remove the disc from the seat, protecting disc edge at all times. Push the seat into an oval shape, then 
remove the seat fromthe body.

B. Assembly - Push the valve seat into an oval and push it into the body with seat stem holes aligned to body stem 
holes. Insert stem seal and bushing. Push stem into the stem hole of body until the bottom of the stem is flush 
with the inner top edge of the seat. Install a light coating of silicone or grease on the I.D. of seat. Insert the disc 
into the seat by lining up the disc hole with the stem hole of the seat. NOTE: the braoched double "D" flats in 
the disc must be toward teh bottom of the valve body. With a downward pressure and rotating the stem back 
and forth, push the stem until the stem touches the bottom of the body stem hole. Make certain that when 
pushing stem through disc bottom, the broached flats of stem and disc are aligned. Replace the stem bushing 
and two stem retainers, then replace the "Spirolox" retaining ring back into position.
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APPLICATIONS
•

FREON® AND
AMMONIA

REFRIGERATION
•

PROCESS
CONTROL

•
FLOW

DETECTION
•

PNEUMATIC
SYSTEMS

•
WATER

RESOURCE
MANAGEMENT

•
LIQUID LEVEL

MEASUREMENT

• Low cost

• 1% accuracy

• All stainless steel

• Sealed, rugged package

• Savings for the OEM

• Useful for secondary process measurements

• Corrosion resistant

• Suited for industrial environments

XPRO® •

     The XPRO® pressure transmitter

provides both the instrument engineer and

OEM designer with a reliable and afford-

able measurement. The 4-20 mA output

signal is particularly suited for long cable

runs in electrically noisy environments.

     The XPRO’s silicon strain gages are

mounted on a beam coupled to a 300

series stainless steel diaphragm for

maximum isolation from thermal tran-

sients. The pressure cavity is a brazed

assembly of 300 series stainless steel

with no elastomer seals or adhesive

bonds to corrode or deteriorate.

     The XPRO is recognized by Underwrit-

ers Laboratories as an intrinsically safe*

device for use in hazardous locations.

LOW COST PRESSURE TRANSMITTER

*When used with approved barriers.
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TECHNICAL SPECIFICATIONS

• Hirschmann connector, including mate
• Absolute pressure version available in

0-15, 25, 50, 100 and 200 PSIA

XPRO with Hirschmann Connector

DIMENSIONS

XPRO® • LOW COST PRESSURE TRANSMITTER

    *  29.5 V max when used with energy barrier strip
    *  The minimum rated excitation voltage must be maintained at the transmitter. Therefore you must take
        into account voltage losses due to cable resistance when selecting a power supply.

Load resistance in current loop

0.38
(10)

0.75
(19)

1.88
(48)

1.56
(40)

xx.xx = inches
(xx.x) = mm

2 conductor
color coded

shielded cable
3 ft long (0.91 m)

+ Excitation: Red

– Excitation
(Return): Black

Bare
(case shield)

1/8-27 NPT
3/8-24 UNF (optional for 3K, 5K PSI)

1/2 Hex for 1/8-27 NPT port
9/16 Hex for 3/8-24 UNF port

xx.xx = inches
(xx.x) = mm

 Operating
  area
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Figure 1. Typical Regulator Constructions
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Introduction

Scope of Manual

This manual describes and provides instructions and parts list for
a Type 1098-EGR or 1098H-EGR regulator (figure 1) complete
with standard P590 Series filter and either a 6350 Series
regulator or a Type 61LD pilot. The Type 1806 relief valve also
is covered when a Type 61LD pilot is used. However, instructions
and parts lists for monitoring pilots and other equipment used
with this regulator are found in separate manuals.
Product Description

Type 1098-EGR and 1098H-EGR regulators provide economi-
cal, accurate pressure control in a wide variety of applications
2

such as gas distribution systems, heat-treating furnaces, and
boiler plants. They are also used in plant air service and in liquid
service where a slow stroking time (approximately 30 to 90
seconds) is desired on both opening and closing the main valve.
The Type 1098-EGR regulator is used with a Type 6351, 6352,
6353 or the 61 series pilot. The Type 1098H-EGR regulator is
used with a Type 6351, 6352, 6353, 6354H, 6354L, or 6354M
pilot.
Specifications

Table 1 lists specifications for various Type 1098-EGR and
1098H-EGR constructions. Specifications for a given regulator
as it originally comes from the factory are stamped on
nameplates (figure 2) located on the actuator and main valve
body, while the pilot control spring range appears on the pilot
spring case and the pilot restriction code is stamped on the pilot
body.
Table 1. Sp

BODY SIZES AND END
CONNECTION STYLES

Body Size,
Inch

Material End Connection
Style

Rating(1)

1, 2
Cast iron NPT screwed Class 250B

1, 2
WCB steel NPT screwed, butt-

welding, or socketwelding
Class 600

Cast iron
Flat-face flanged Class 125B

2, 3, 4, 6,

Cast iron
Raised-face flanged Class 250B

2, 3, 4, 6,
8 x 6

WCB steel
Raised-face flanged Class 150,

300, or 600WCB steel
Buttwelding Class 600

MAXIMUM MAIN 400 psig (28 bar) or body rating
VALVE INLET limit, whichever is lower, except
PRESSURE(1) 20 psig (1.4 bar) for boiler fuel

installations as shown in table 2

MAXIMUM PILOT 600 psig (41 bar)
SUPPLY
PRESSURE(1, 2)

PILOT RESTRICTION(3)

TYPE GAIN
RESTRICTION

TYPE
NUMBER

GAIN
Used Color Code Letter

Code

6351 Standard No None None

Standard Yes Green S

6352
through
6354M

Low for liquid service
and/or broader
proportional bands

No None L

6354M
High for narrower
proportional bands

Yes Red H
ecifications

OUTLET (CONTROL) Type 6351 Pilot:J 3 to 20 psig
PRESSURE RANGES(4) (0.21 to 1.4 bar) with green spring

J 5 to 35 psig (0.34 to 2.4 bar)
with cadmium spring orJ 35 to
100 psig (2.4 to 6.9 bar) with red
spring
Type 6352 Pilot:J 2 inch wc to
2 psig (5 to 140 mbar) with yellow
spring orJ 2 to 10 psig (140 to
690 mbar) with black spring
Type 6353 Pilot:J 3 to 40 psig
(0.21 to 2.8 bar) with yellow
spring orJ 35 to 125 psig (2.4 to
8.6 bar) with red spring
Type 6354L Pilot: 85 to 200 psig
(5.9 to 14 bar) with blue spring
and no diaphragm limiter
Type 6354M Pilot: 175 to 220
psig (12 to 15 bar) with blue spring
and diaphragm limiter
Type 6354H Pilot: 200 to 300 psig
(14 to 21 bar) with green spring
and diaphragm limiter
Type 61LD Pilot:J 0.25 to 2
psig (0.017-0.138 bar) with red
spring
J 1 to 5 psig (0.069-0.34 bar)
with yellow springJ 2 to 10 psig
(0.138-0.69 bar) with blue spring
J 5 to 15 psig (0.34-1.02 bar)
with brown springJ 10 to 20 psig
(0.69-1.4 bar) with green spring

MAXIMUM AND See table 2
MINIMUM
DIFFERENTIAL
PRESSURES



Types 1098-EGR & 1098H-EGR
Table 1. Specifica

ACTUATOR SIZES
AND MAXIMUM
ACTUATOR
PRESSURES(1)

ACTUATOR
SIZE

OUTLET (CONTROL)
PRESSURE

EMERGENCY
CASING PRESSURE

SIZE Psig Bar Psig Bar

Type 1098
30
40
70

100
75
50

6.9
5.2
3.4

115
82
65

7.9
5.7
4.5

Type 1098H 30 300 21 400 28

MAIN VALVE FLOW J Linear (standard) orJ quick-
CHARACTERISTIC opening

MAIN VALVE FLOW In through seat ring and out
DIRECTION through cage

MATERIAL Standard Elastomers: -20 to
TEMPERATURE 150_F (-29 to 66_C)
CAPABILITIES(1) High-Temperature Elastomers: 0

to 300_F (-18 to 149_C), except
0 to 180_F (-18 to 82_C) for
water service

1. The pressure/temperature limits in this manual, and any applicable standard
limitation should not be exceeded.

2. For stability or overpressure protection, a reducing regulator may be installed up-
APPROXIMATE
WEIGHTS (WITH
STANDARD SINGLE-
PILOT
CONSTRUCTION)

tions (Continued)

PORT DIAMETERS
AND TRAVELS

PORT TRAVEL

BODY SIZE
INCH

PORT
DIAMETER Standard Restricted CapacityBODY SIZE

INCH
Inch mm Inch mm Percentage of

Flow Capacity
Inch mm

1 1-5/16 33.3 3/4 19 - - - - - -

2 2-3/8 60.3 1-1/8 29
30 3/8 10

2 2-3/8 60.3 1-1/8 29
70 5/8 16

3 3-3/8 85.7 1-1/2 38 40 7/8 22

4 4-3/8 111.1
2 51 40 1 25

6 & 8 X 6 7-3/16 182.6
2 51 40 1 25

ACTUATOR BODY SIZE, INCHACTUATOR
SIZE 1 2 3 4 6

Lb

Type 1098
30
40
70

55
65

140

75
85

160

115
125
200

165
175
250

350
360
435

Type 1098H 30 80 100 140 190 375

Kg

Type 1098
30
40
70

25
29
64

34
39
73

52
57
91

75
79

113

159
163
197

Type 1098H 30 36 45 64 86 170

stream of the pilot according to the installation section.
3. Restriction part numbers are given in the parts list.
4. Pilot control spring part numbers are given in the parts list.
Installation and Startup

WARNING

Personal injury, equipment damage, or leak-
age due to escaping accumulated gas or
bursting of pressure-containing parts may
result if this regulator is overpressured or is
installed where service conditions could ex-
ceed the limits given in tables 1 and 2 and on
the appropriate nameplate, or where condi-
tions exceed any ratings of the adjacent pip-
ing or piping connections. To avoid such in-
jury or damage, provide pressure-relieving
or pressure-limiting devices (as required by
Title 49, Part 192, of the U.S. Code of Federal
Regulations, by the National Fuel Gas Code
Title 54 of the National Fire Codes of the Na-
tional Fire Protection Association, or by oth-
er applicable codes) to prevent service
conditions from exceeding those limits.

Additionally, physical damage to the regulator
could results in personal injury and property
damage due to escaping accumulated gas. To
avoid such injury and damage, install the
regulator in a safe location.

Standard Single-Pilot Regulator

Installations
A Type 1098-EGR or 1098H-EGR regulator bleeds no gas
to atmosphere, making it suitable for installation in pits and
other enclosed locations without elaborate venting
systems. This regulator also can be installed in pits subject
to flooding, by installing a special antiflood breather vent or
by venting the pilot spring case above the expected flood
level so that the pilot diaphragm can be referenced to
atmospheric pressure.

Note

On the Design EGR main valve, normal
pressure drop assists shutoff. Therefore,
leakage may result during any reverse
pressure drop condition.

1. Use qualified personnel when installing, operating, and
maintaining regulators. Before installing, inspect the main
valve, pilot, and tubing for any shipment damage or foreign
material that may have collected during crating and
shipment. Make certain the body interior is clean and the
pipelines are free of foreign material. Apply pipe compound
3
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only to the male pipe threads with a screwed body, or use
suitable line gaskets and good bolting practices with a
flanged body.

With a weld end body, be sure to remove the trim package,
including the gasket (key 4, figure 11), according to the
Maintenance section before welding the body into the line.
Do not install the trim package until any post-weld heat
treatment is completed. If heat treating, prevent scale
4

buildup on all machined guiding and sealing surfaces inside
the body and at the bonnet flange/body joint.

Note

All Type 1098-EGR and 1098H-EGR regula-
tors should be installed so that flow through
the main valve matches the flow arrow
attached to the valve body.
Table 2. Maximum and Minimum Differential Pressure

CONSTRUCTION

Low-differential boiler
fuel installation Type
1098-EGR requiring
quick-opening cage
and limited to 20
psig (1.4 bar) max
inlet pressure

MAXIMUM ALLOWABLE
DIFFERENTIAL PRESSURE

20 psig (1.4 bar)

Size 40 Actuator Not available

1 Inch Body Size 30 Actuator Not available1 Inch Body
Size 70 Actuator 1.0 psi (0.069 bar)

Size 40 Actuator Not available

2 Inch Body Size 30 Actuator Not available

MINIMUM

2 Inch Body
Size 70 Actuator 1.0 psi (0.069 bar)

MINIMUM
DIFFERENTIAL Size 40 Actuator Not availableDIFFERENTIAL

PRESSURE
REQUIRED FOR

3 Inch Body Size 30 Actuator Not availablePRESSURE
REQUIRED FOR
FULL STROKE

3 Inch Body
Size 70 Actuator 1.0 psi (0.069 bar)

FULL STROKE Size 40 Actuator Not available

4 Inch Body Size 30 Actuator Not available4 Inch Body
Size 70 Actuator 1.3 psi (0.090 bar)

Size 40 Actuator Not available

6, 8 x 6 Inch Body Size 30 Actuator Not available6, 8 x 6 Inch Body
Size 70 Actuator 2.2 psi (0.15 bar)

MAIN VALVE SPRING COLOR CODE (2) Yellow, except green
for 1 inch body

1. Requires special 6350 Series pilot construction with Type 1806H relief valve.
2. Spring part numbers are given in the parts list.
s for Main Valve Spring Selection

All Other Constructions

60 psi (4.1 bar) 125 psi (8.6 bar)
400 psig (28 bar)
or body rating limit,
whichever is lower

2.5 psi (0.17 bar) 4 psi (0.28 bar) 5 psi (0.34 bar)

3.5 psi (0.24 bar) 5 psi (0.34 bar) 7 psi (0.48 bar)

1 psi (0.069 bar) 1.5 psi (0.10 bar) 2.5 psi (0.17 bar)

3 psi (0.21 bar) 5 psi (0.34 bar) 10 psi (0.69 bar)

4 psi (0.28 bar) 6 psi (0.42 bar) 11 psi (0.76 bar)

1.5 psi (0.10 bar) 2 psi (0.14 bar) 3 psi (0.21 bar)

4 psi (0.28 bar) 6 psi (0.41 bar) 11 psi (0.76 bar)

5 psi (0.34 bar) 8 psi (0.55 bar) 14 psi (0.97 bar)

2 psi (0.14 bar) 2.5 psi (0.17 bar) 4 psi (0.28 bar)

5 psi (0.34 bar) 8 psi (0.55 bar) 13 psi (0.90 bar)

10 psi (0.69 bar) 13 psi (0.90 bar) 22 psi (1.5 bar)

2.5 psi (0.17 bar) 3 psi (0.21 bar) 5 psi (0.34 bar)

9.5 psi (0.66 bar) 14 psi (0.97 bar) 19 psi (1.3 bar)

13 psi (0.90 bar) 19 psi (1.3 bar) 28 psi (1.9 bar)(1)

4 psi (0.28 bar) 6 psi (0.42 bar) 8 psi (0.55 bar)

Green Blue Red
Figure 2. Regulator Nameplates

24A5704-B Sht 2

13A2353-A
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2. Install a three-valve bypass around the regulator if
continuous operation is necessary during maintenance or
inspection.

The standard pilot mounting position is shown in figure 1, the pilot
may be field-changed to the opposite-side mounting position by
swapping the pilot pipe nipple to the opposite bonnet tapping.

WARNING

A regulator may vent some gas to the
atmosphere. In hazardous or flammable gas
service, vented gas may accumulate, and cause
personal injury, death, or property damage due
to fire or explosion. Vent a regulator in
hazardous gas service toa remote, safe location
away from air intakes or any hazardous
location. The vent line or stack opening must be
protected against condensation or clogging.

3. To keep the pilot spring case vent from being plugged or the
spring case from collecting moisture, corrosive chemicals, or
other foreign material, point the vent down or otherwise protect
it. Vent orientation may be changed by removing the spring case
and remounting it on the pilot body or on a standard Type 6352
through 6354M pilot, by twisting the vent (key 35, figure 13, or
key 13, figure 14) in the spring case. To remotely vent a standard
Type 6352 through 6354M pilot, remove the vent and install
obstruction-free tubing or piping
into the 1/4-inch NPT vent tapping. The Type 61LD pilot is vented
by installing the vent piping in place of the pipe plug (key 22,
figure 18). Then remove the closing cap assembly (key 5,
figure 18) in order to remove the machine screw from inside the
closing cap and tightly install it in the vent hole in the center of
the closing cap. Provide protection on a remote vent by installing
a screened vent cap into the remote end of the vent pipe.

4. Run a 3/8-inch outer diameter or larger pilot supply line from
the upstream pipeline to the filter inlet as shown in figure 3,
bushing the line down to fit the 1/4-inch NPT filter connection. Do
not make the upstream pipeline connection in a turbulent area,
such as near a nipple, swage, or elbow. If the maximum pilot inlet
pressure could exceed the pilot rating, install a separate reducing
regulator in the pilot supply line. Install a hand valve in the pilot
supply line, and provide vent valves to properly isolate and
relieve the pressure from the regulator.

5. Attach a 1/2-inch NPT downstream pressure control line
downstream of the regulator in a straight run of pipe as shown
in figure 3. Connect the other end of the control line to the bonnet
connection. Do not make the tap near any elbow, swage, or
nipple that might cause turbulence. Install a hand valve in the
control line to shut off the control pressure when the bypass is
in use.
Figure 3. Standard Single-Pilot Installation

48A6566-A
B1622
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6. If a quick acting solenoid is to be installed downstream
of a regulator, the regulator and solenoid should be located
as far apart as practical. This will maximize the gas piping
volume between the regulator and solenoid and improve
the regulator response to quick changing flow rates.

7. Consult the appropriate instruction manual for
installation of an optional pneumatic or electric remote
control drive unit. For optional remote pneumatic loading of
a 6350 Series or 61LD pilot, make the loading piping
connections to the 1/4-inch NPT vent connection.
Prestartup Considerations

Before beginning the startup procedures in this section,
make sure the following conditions are in effect:

D Block valves isolate the regulator.

D Vent valves are closed.

D Hand valves are closed.

CAUTION

Introduce pilot supply pressure into the reg-
ulator before introducing any downstream
pressure, or internal damage may occur due
to reverse pressurization of the pilot and
main valve components.

Always use pressure gauges to monitor
downstream pressure during startup. Pro-
cedures used in putting this regulator into
operation must be planned accordingly if
the downstream system is pressurized by
another regulator or by a manual bypass.

Note

For proper operation, pilot supply pressure
must exceed control pressure by the
minimum amount specified on the actuator
nameplate as minimum differential pres-
sure.

The only adjustment necessary on a Type 1098-EGR or
1098H-EGR regulator is the pressure setting of the pilot
control spring. Turning the adjusting screw clockwise into
the spring case increases the spring compression and
pressure setting. Turning the adjusting screw counterclock-
wise decreases the spring compression and pressure
setting.
6

Pilot Adjustment
To adjust standard 6350 Series pilots: loosen the locknut
(key 11, figure 13, or key 10, figure 14), and turn the
adjusting screw (key 10, figure 13, or key 9, figure 14). Then
tighten the locknut to maintain the adjustment position. On
a standard Type 6352 through 6354M pilot, a closing cap
(key 28, figure 14) must be removed before adjustment and
replaced afterward.

WARNING

To avoid possible personal injury from a
pressure-loaded Type 61LD pilot, carefully
vent the spring case before removing the
closing cap. Otherwise, trapped loading
pressure could forcefully eject the freed
closing cap.

To adjust the Type 61LD pilot: remove the closing cap
(key 5, figure 18) and turn the adjusting screw (key 6, figure
18). Any adjustments made should set the controlled
pressure within the appropriate spring range shown in the
Specifications table.
Startup
1. Slowly open the hand valve in the pilot supply line.

2. Slowly open the upstream block valve, and partially
open the downstream block valve for minimum flow.

3. Slowly open the hand valve in the control line.

4. Adjust the pilot setting if necessary.

5. Completely open the downstream block valve.

6. Slowly close the bypass valve, if any.
Dual-Pilot Boiler Fuel Control Regulator

Installation
1. Perform the Standard Single-Pilot Regulator Installa-

tion section through step 3, making sure that the regulator
is installed in a horizontal pipeline with the actuator below
the main valve as shown in figure 4.

2. Run a 1/2-inch outer diameter or larger pilot supply line
from the upstream pipeline to the 1/2-inch NPT supply
connection in the pipe tee as shown in figure 4. Do not make
the connection in a turbulent area, such as near a nipple,
swage, or elbow. If the maximum pilot inlet pressure could
exceed the pilot rating, install a separate reducing regulator
in the pilot line. Install a hand valve in the pilot supply line,
and provide vent valves so that pressure can be properly
isolated and relieved from the regulator.



Types 1098-EGR & 1098H-EGR
3. Attach a 1/2-inch NPT downstream pressure control
line ten pipe diameters downstream of the regulator in a
straight run of pipe. Connect the other end of the control line
to the 1/4-inch NPT connection in the control line pipe tee
as shown in figure 4. Do not make the tap near any elbow,
swage, or nipple which might cause turbulence. Install a
hand valve in the control line to shut off the control pressure
when the bypass is in use. Also use the hand valve to
dampen out pulsations which may cause instability or
cycling of the regulator.

4. Consult the appropriate instruction manual for
installation of an optional pneumatic or electric remote
control drive unit. For optional remote pneumatic loading of
a 6350 Series or Type 61LD pilot, make the loading piping
connections to the 1/4-inch NPT vent connection.
48A6564-B
B1654-1

Figure 4. Typical Dual-Pilot Boiler Fuel Installation
Prestart Considerations

Before beginning the startup procedures in this section,
make sure the following conditions are in effect:

D Block valves isolate the regulator.

D Vent valves are closed.

D Hand valves are closed.
CAUTION

Introduce pilot supply pressure into the reg-
ulator before introducing any downstream
pressure, or internal damage may occur due
to reverse pressurization of the pilot and
main valve components.

Always use pressure gauges to monitor
downstream pressure during startup. Pro-
cedures used in putting this regulator into
operation must be planned accordingly if
the downstream system is pressurized by
another regulator or by a manual bypass.

Note

For proper operation, pilot supply pressure
must exceed control pressure by the
minimum amount specified on the actuator
nameplate as minimum differential pres-
sure.

The only adjustment necessary on a Type 1098-EGR or
1098H-EGR regulator is the pressure setting of the pilot
control spring. Turning the adjusting screw clockwise into
7
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the spring case increases the spring compression and
pressure setting. Turning the adjusting screw counterclock-
wise decreases the spring compression and pressure
setting.
Pilot Adjustment
To adjust standard 6350 Series pilots: loosen the locknut
(key 11, figure 13, or key 10, figure 14), and turn the
adjusting screw (key 10, figure 13, or key 9, figure 14). Then
tighten the locknut to maintain the adjustment position. On
a standard Type 6352 through 6354M pilot, a closing cap
(key 28, figure 14) must be removed before adjustment and
replaced afterward.

WARNING

To avoid possible personal injury from a
pressure-loaded Type 61LD pilot, carefully
vent the spring case before removing the
closing cap. Otherwise, trapped loading
pressure could forcefully eject the freed
closing cap.

To adjust the Type 61LD pilot: remove the closing cap
(key 5, figure 18) and turn the adjusting screw (key 6, figure
18). Any adjustments made should set the controlled
pressure within the appropriate spring range shown in the
Specifications table.
Startup
1. Slowly open the hand valve in the pilot supply line.

2. Slowly open the upstream block valve, and partially
open the downstream block valve for minimum flow.

3. Slowly open the hand valve in the control line and make
sure that the standby pilot is set far enough below the
working pilot so that the standby pilot remains closed during
normal operation. For example, with final desired settings
of 11 inches wc (27 mbar) for the working pilot and 10 inches
wc (25 mbar) for the standby pilot, begin by reducing the
working pilot setting far enough below 10 inches wc (25
mbar) for the working pilot to shut off. Then set the standby
pilot for an outlet pressure of 10 inches wc (25 mbar).
Finally, set the working pilot for an outlet pressure of 11
inches wc (27 mbar).

Table 3 shows how close the standby pilot can be set to the
working pilot setting.

4. Completely open the downstream block valve.

5. Slowly close the bypass valve, if any.
8

Working Monitor

Installation
1. For both the working monitor regulator and the working

regulator, perform the Standard Single-Pilot Regulator
Installation section through step 6.

2. Connect another downstream pressure control line and
hand valve (figure 5) to the monitoring pilot according to the
monitoring pilot instruction manual. Attach a 1/2-inch NPT
intermediate pressure control line and hand valve from the
intermediate pressure pipeline to the working monitor
regulator. Pipe supply pressure between the monitoring
pilot and the working monitor regulator according to the
monitoring pilot manual.

For two typical monitoring pilots, table 4 gives the spread
between normal distribution pressure and the minimum
pressure at which the working monitor regulator can be set
to take over if the working regulator fails open.
Prestartup Considerations

Before beginning the startup procedures in this section,
make sure the following conditions are in effect:

D Block valves isolate the regulator.

D Vent valves are closed.

D Hand valves are closed.

CAUTION

Introduce pilot supply pressure into the reg-
ulator before introducing any downstream
pressure, or internal damage may occur due
to reverse pressurization of the pilot and
main valve components.

Always use pressure gauges to monitor
downstream pressure during startup. Pro-
cedures used in putting this regulator into
operation must be planned accordingly if
the downstream system is pressurized by
another regulator or by a manual bypass.

Note

For proper operation, pilot supply pressure
must exceed control pressure by the
minimum amount specified on the actuator
nameplate as minimum differential pres-
sure.
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Table 3. Standby Pilots for Boiler Fuel Control Ap

STANDBY PILOT INFORMATION

Construction Spring Range

Type Y600P with
3/8 inch (9.5 mm) port diameter

3 to 8 inch wc (8 to 20 mbar)(1)

5 to 15 inch wc (12 to 38 mbar)(1)

11 to 28 inch wc (27 to 68 mbar)(1)3/8 inch (9.5 mm) port diameter
and 150 psig (10 bar)
maximum allowable pilot inlet

1 to 2-1/2 psig (0.069 to 0.17 bar)(2)

2-1/4 to 4-1/2 psig (0.16 to 0.31 bar)(2)

4-1/2 to 7 psig (0.31 to 0.48 bar)(2)

Type 621-107 with 3/8 inch (9.5 mm)
port diameter and 150 psig (10 bar)
maximum allowable pilot inlet for cast iron body
or 750 psig (52 bar) maximum allowable pilot
inlet for malleable iron or steel body

5 to 10 psig (0.34 to 0.69 bar)

1. With standard diaphragm plate.

2. With heavy diaphragm plate.

1. With large diaphragm plate.
2. With small diaphragm plate.

Figure 5. Typical Working Monitor Installati
plications
MINIMUM PRESSURE AT
WHICH STANDBY PILOT

Spring Part Number
WHICH STANDBY PILOT

CAN BE SET

1B6358 27052(1)

1B6539 27022(1)

1B5370 27052(1)

1 inch wc (2.5 mbar)
under working pilot set point

1B5371 27022(2)

1B5372 27022(2)

1B5373 27052(2)

0.2 psig (14 mbar)
under working pilot set point

1D8923 27022 0.3 psig (21 mbar)
under working pilot set point
Table 4. Working Monitor Performan

MONITORING PILOT INFORMATION

Construction Spring Range

Type Y600M with
1/8 inch (3.2 mm) port diameter

5 to 15 inch wc (12 to 38 mbar)
11 to 28 inch wc (27 to 68 mbar)

1/8 inch (3.2 mm) port diameter
and 150 psig (10 bar)
maximum allowable pilot inlet

1 to 2-1/2 psig (0.069 to 0.17 bar)
2-1/4 to 4-1/2 psig (0.16 to 0.31 bar)
4-1/2 to 7 psig (0.31 to 0.48 bar)

Type 621-109 with 1/8 inch (3.2 mm)
port diameter and 150 psig (10 bar)
maximum allowable pilot inlet for cast iron body
or 750 psig (52 bar) maximum allowable pilot

5 to 15 psig (0.34 to 1.0 bar)
10 to 25 psig (1.0 to 1.7 bar)
20 to 35 psig (1.4 to 2.4 bar)
25 to 60 psig (1.7 to 4.1 bar)maximum allowable pilot inlet for cast iron body

or 750 psig (52 bar) maximum allowable pilot
inlet for malleable iron or steel body

40 to 80 psig (2.8 to 5.5 bar)
80 to 150 psig (5.5 to 10 bar)
130 to 200 psig (9.0 to 14 bar)
ce
MINIMUM PRESSURE AT

WHICH WORKING MONITOR
Spring Part Number

WHICH WORKING MONITOR
REGULATOR CAN BE SET

1B6539 27022
1B5370 27052

3 inch wc (7 mbar)
over normal distribution pressure

1B5371 27022
1B5372 27022
1B5373 27052

0.5 psig (0.034 bar)
over normal distribution pressure

1D8923 27022
1D7515 27022
1D6659 27022
1D7555 27142

30 psig (0.21 bar)
over normal distribution pressure

1E5436 27142
1P9013 27142(1)

1P9013 27142(2)

5.0 psig (0.34 bar)
over normal distribution pressure
26A4298-A
A2118-2
9
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The only adjustment necessary on a Type 1098-EGR or
1098H-EGR regulator is the pressure setting of the pilot
control spring. Turning the adjusting screw clockwise into
the spring case increases the spring compression and
pressure setting. Turning the adjusting screw counterclock-
wise decreases the spring compression and pressure
setting.
Pilot Adjustment
To adjust all standard 6350 Series pilots: loosen the
locknut (key 11, figure 13, or key 10, figure 14), and turn the
adjusting screw (key 10, figure 13, or key 9, figure 14). Then
tighten the locknut to maintain the adjustment position. On
a standard Type 6352 through 6354M pilot, a closing cap
(key 28, figure 14) must be removed before adjustment and
replaced afterward.

WARNING

To avoid possible personal injury from a
pressure-loaded Type 61LD pilot, carefully
vent the spring case before removing the
closing cap. Otherwise, trapped loading
pressure could forcefully eject the freed
closing cap.

To adjust the Type 61LD pilot: remove the closing cap
(key 5, figure 18) and turn the adjusting screw (key 6, figure
18). Any adjustments made should set the controlled
pressure within the appropriate spring range shown in the
Specifications table.
Startup
On a working monitor installation (figure 5), be sure that the
second-stage working regulator is set to operate at a
pressure lower than the Type 1098-EGR or 1098H-EGR
working monitor regulator. To do this, increase the setting
of the monitoring pilot until the working pilot is in control of
the intermediate pressure and the second-stage working
regulator is in control of the downstream pressure. If this is
not done, the monitoring pilot tries to take control of the
downstream pressure.

1. Slowly open the upstream block valve and the hand
valves in both pilot supply lines. This energizes both pilots
so that their setpoints can be adjusted. Partially open the
downstream block valve for minimum flow.

2. To enable intermediate pressure adjustment with the
working monitor regulator, slowly open the hand valve in the
intermediate pressure control line.

3. To enable downstream pressure adjustment with the
second-stage working regulator, slowly open the hand
valve in the control line to this regulator.
10
4. Adjust the setting of the monitoring pilot to establish the
desired emergency downstream pressure, which is to be
maintained in the event of open failure of the second-stage
working regulator. The emergency downstream pressure
should exceed the desired downstream pressure by at least
the amount listed in table 4. The steps followed to set the
monitoring pilot may vary with each piping situation;
however, the basic method remains the same. The
following substeps a and b may be used as examples for
setting the monitoring pilot:

a. Increase the outlet pressure setting of the
second-stage working regulator until the monitoring pilot
takes control of the downstream pressure. Adjust the
monitoring pilot setting until the desired emergency
downstream pressure is achieved. Then readjust the
second-stage working regulator to establish the desired
downstream pressure.

b. Install special piping (not shown in figure 5) so that
the monitoring pilot senses the intermediate pressure. The
intermediate pressure then appears to the monitoring pilot
as if it were increased downstream pressure, and the
monitoring pilot controls and reduces the intermediate
pressure. Adjust the monitoring pilot setting until the
desired emergency downstream pressure is achieved at
the intermediate pressure stage. Then slowly close the
special piping, and open up the monitoring downstream
control line for normal service.

5. Slowly open the downstream block valve.

6. Slowly close the bypass valve, if any.
Wide-Open Monitor

Installation

1. For both the wide-open monitoring regulator and the
working regulator, perform the Standard Single-Pilot
Regulator Installation section through step 6.

2. Connect the control line of a wide-open monitoring
regulator (figure 6) to downstream piping near the working
regulator control line connection. During normal operation
the wide-open monitoring regulator stands wide open with
the pressure reduction being taken across the working
regulator. Only in case of working regulator failure does the
wide-open monitoring regulator take control at its slightly
higher setting.
Prestartup Considerations

Before beginning the startup procedures in this section,
make sure the following conditions are in effect:
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Figure 6. Typical Wide-Open Monitor Installations
D Block valves isolate the regulator.

D Vent valves are closed.

D Hand valves are closed.

CAUTION

Introduce pilot supply pressure into the reg-
ulator before introducing any downstream
pressure, or internal damage may occur due
to reverse pressurization of the pilot and
main valve components.

Always use pressure gauges to monitor
downstream pressure during startup. Pro-
cedures used in putting this regulator into
operation must be planned accordingly if
the downstream system is pressurized by
another regulator or by a manual bypass.

Note

For proper operation, pilot supply pressure
must exceed control pressure by the
minimum amount specified on the actuator
nameplate as minimum differential pres-
sure.

The only adjustment necessary on a Type 1098-EGR or
1098H-EGR regulator is the pressure setting of the pilot
control spring. Turning the adjusting screw clockwise into
the spring case increases the spring compression and
pressure setting. Turning the adjusting screw counterclock-
wise decreases the spring compression and pressure
setting.
6A4296-A
 16A4297-A
Pilot Adjustment
To adjust all standard 6350 Series pilots: loosen the
locknut (key 11, figure 13, or key 10, figure 14), and turn the
adjusting screw (key 10, figure 13, or key 9, figure 14). Then
tighten the locknut to maintain the adjustment position. On
a standard Type 6352 through 6354M pilot, a closing cap
(key 28, figure 14) must be removed before adjustment and
replaced afterward.

WARNING

To avoid possible personal injury from a
pressure-loaded Type 61LD pilot, carefully
vent the spring case before removing the
closing cap. Otherwise, trapped loading
pressure could forcefully eject the freed
closing cap.

To adjust the Type 61LD pilot: remove the closing cap
(key 5, figure 18) and turn the adjusting screw (key 6, figure
18). Any adjustments made should set the controlled
pressure within the appropriate spring range shown in the
Specifications table.
Startup
Repeat this procedure in turn for each regulator in the
installation.

1. Slowly open the hand valve in the pilot supply line.

2. Slowly open the upstream block valve, and partially
open the downstream block valve for minimum flow.

3. Slowly open the hand valve in the control line and adjust
the pilot setting if necessary. Set the monitoring regulator at
a slightly higher control pressure than the working regulator.

4. Completely open the downstream block valve.

5. Slowly close the bypass valve, if any.
11
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Shutdown
Installation arrangements vary, but in any installation it is
important that the valves be opened or closed slowly and
that the outlet pressure be vented before venting inlet
pressure to prevent damage caused by reverse pressuriza-
tion of the pilot or main valve. The following steps apply to
the typical installation as indicated.
Single-Pilot, Dual-Pilot Regulator or
Wide-Open Monitor

As well as applying to a single-pilot regulator (figure 3), the
steps in this procedure also are valid for a dual-pilot
regulator (figure 4) or a wide-open monitoring installation
(figure 6) and just need to be repeated for each regulator in
such an installation.

1. Slowly close the downstream block valve. If the control
line is downstream of the block valve, also close the hand
valve in the control line.

2. Slowly close the upstream block valve and the hand
valve in the pilot supply line.

3. Slowly open the vent valve in the downstream pipeline.
If the control line is downstream of the block valve, also
open the vent valve in the control line. Permit all pressure
to bleed out.

4. Slowly open the vent valve in the upstream pipeline.
Permit all pressure to bleed out of both the piping and the
pilot.
Working Monitor

1. Slowly close the downstream block valve and the hand
valve in the downstream pressure control line.

2. Slowly close the upstream block valve and the hand
valves in both pilot supply lines.

3. Slowly open all vent valves and permit all pressures to
bleed out of the piping and regulators.
Principle of Operation
The pilot-operated Type 1098-EGR and Type 1098H-EGR
regulators both use inlet pressure as the operating medium,
which is reduced through pilot operation to load the actuator
diaphragm. Outlet or downstream pressure opposes
loading pressure in the actuator and also opposes the pilot
control spring. The operation of each regulator is the same,
and the Type 1098-EGR regulator operation schematic is
shown in figure 7.
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In operation, assume that outlet pressure is below the pilot
control setting. Control spring force on the pilot diaphragm
thus opens the pilot valve plug (Type 6351 pilot) or relay
orifice (Type 61LD pilot), providing additional loading
pressure to the actuator diaphragm. This diaphragm
loading pressure opens the main valve plug, supplying the
required gas to the downstream system.

When downstream demand has been satisfied, outlet
pressure tends to increase, acting on the pilot and actuator
diaphragms. This pressure exceeds the pilot control spring
setting, moving the pilot diaphragm away and letting the
valve plug spring (Type 6351 or Type 61LD pilots) or
bellows (Type 6352 through 6354M pilot) close the pilot
valve plug (unbalanced in the Type 6351 or Type 61LD
pilots but balanced in the Type 6352 through 6354M pilot).
Excess loading pressure on the actuator diaphragm
escapes downstream through the bleed hole (Type 6351
pilot), bleed orifice (Type 61LD pilot), or restriction (Type
6352 through 6354M pilot).

Reduced actuator loading pressure permits the main valve
to close. The combination of main valve spring force and
valve plug unbalance provides positive shutoff of the valve
plug against the port and upper seals.

To protect the Type 1098 or 1098H actuator diaphragm from
excessive differential pressure, all 6300 series and 61LD
pilots have a relief valve that allows loading pressure to
bleed downstream at approximately 25 psi (1.7 bar)
differential across the actuator diaphragm.

A dual-pilot regulator (figure 7) also operates similarly to a
single-pilot regulator. In addition, the large ports of the
standby pilot open to quickly supply additional loading
pressure to the Type 1098 diaphragm. This extra loading
pressure strokes the main valve quickly in order to satisfy
rapid load changes in the boiler system.

A working monitor system (figure 5) reduces pressure and
throttles while the working monitor regulator is in operation.
If the working regulator fails open, the working monitor
regulator takes over the entire pressure reduction function.
The working monitor concept allows observation of the
performance of the first-stage regulator at all times.

As long as the second-stage working regulator maintains
normal downstream pressure, the monitoring pilot stays
wide open. This permits inlet pressure to go straight through
to the working monitor pilot for reduction to actuator loading
pressure.

Downstream pressure is piped back to the monitoring
pilot. As long as the downstream pressure is less than
the monitoring pilot setting, the working pilot controls
the actuator to maintain intermediate pressure. If the
second-stage working regulator fails open, the
downstream pressure increases to the setting of the
monitoring pilot (slightly higher than the original down-
stream pressure). The monitoring pilot takes control and the
working monitor pilot throttles down the loading pressure to
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16A4297-A
17A9161-A
B1617

Figure 7. Principle of Operation Schematics
the working monitor regulator actuator. This actuator will
move the valve plug and control the downstream pressure
at the emergency level. Thus, downstream equipment is
protected against a major overpressure condition without
disrupting service or venting gas to the atmosphere.
Maintenance

Regulator parts are subject to normal wear and must be
inspected and replaced as necessary. The frequency of
inspection and replacement of parts depends upon the
severity of service conditions or the requirements of local,
state, and federal regulations. Due to the care Fisher takes
in meeting all manufacturing requirements (heat treating,
dimensional tolerances, etc.), use only replacement parts
manufactured or furnished by Fisher. The stem O-rings on
the Type 1098 or 1098H actuator can be lubricated
annually, using the grease fitting (key 28, figure 20). Stem
O-rings can be checked for damage during normal
operation by line pressure leakage or unexpected grease
extrusion from the actuator vent (key 27, figure 20). All
O-rings, gaskets, and seals should be lubricated with a
good grade of general-purpose grease and installed gently
rather than forced into position. Be certain that the
nameplates are updated to accurately indicate any field
changes in equipment, materials, service conditions, or
pressure settings.

WARNING

To avoid personal injury resulting from sud-
den release of pressure, isolate the regula-
tor from all pressure and cautiously release
trapped pressure from the regulator before
attempting disassembly.
13
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Figure 8. Trim Package Removal
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Figure 9. Exploded View of Full-Capacit
Trim Package Assembly
Design EGR Main Valve

Replacing Quick-Change Trim Package
Perform this procedure if the entire trim package (figure 8)
is replaced. Key numbers for both the complete main valve
and its trim package are referenced in figure 11. Some
replacement trim package assembly numbers are listed in
a table in the parts list.

Note

All disassembly, trim change, and reas-
sembly steps in this section may be
performed with the regulator in the main line
and without disconnecting pilot supply or
control lines.

1. Remove the cap screws (key 3) with a cast iron body,
or remove the stud bolt nuts (key 29, not shown) with a steel
body. Pry the body flange (key 2) loose from the valve body
(key 1), and lift out the trim package.

2. Perform any required inspection, cleaning, or mainte-
nance on the exposed surfaces of the valve body or trim
package. Replace the gasket (key 4) or cage O-ring (key
17) as necessary.

3. On a pre-built replacement trim package, check
indicator zeroing by unscrewing the indicator protector (key
19) and seeing if the flange of the indicator nut (key 22) lines
up evenly with the bottom marking on the indicator scale
(key 18). If not, remove the indicator scale and separate the
indicator nut and hex nut (key 8). Hold the indicator scale
against the indicator fitting (key 5) with the scale base
resting against the shoulder of the fitting, and turn the
indicator nut until its flange is aligned with the bottom scale
marking. Then lock both nuts against each other, and install
the indicator scale and protector.
4. Coat the cage seating surfaces of the valve body web
and the body flange seating surfaces of the valve body neck
with a good grade of general-purpose grease. Install the
trim package, and secure it evenly with the cap screws or
stud bolt nuts. No particular trim package orientation in the
body is required.
Replacing Trim Parts

Perform this procedure if inspecting, cleaning, or replacing
individual parts in a trim package. Key numbers are
referenced in figure 11. An exploded view of a standard
full-capacity trim package only is shown in figure 9.

Note

Access to the spring (key 9), flange O-ring
(key 21), travel indicator parts, or optional
travel stop (key 32) in step 1 can be gained
without removing the body flange (key 2).
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1. Remove the indicator fitting (key 5) and attached parts.
Proceed to step 5 if only maintenance on the fitting or
attached parts is performed.

2. Remove the cap screws (key 3) with a cast iron body,
or remove the stud bolt nuts (key 29, not shown) with a steel
body, and pry the body flange loose from the valve body
(key 1).

3. Use the valve body as a holding fixture if desired. Flip
the body flange over, and anchor it on the valve body as
shown in figure 10, removing the pipe plug (key 31) first if
necessary.

4. To gain access to the port seal (key 12), upper seal (key
15), or valve plug parts, unscrew the seat ring (key 13) from
the cage (key 11) and the cage from the body flange. For
leverage, a wrench handle or similar tool may be inserted
into the seat ring slots (figure 10) and a strap wrench may
be wrapped around a standard or a Whisper TrimR cage,
or a soft bar may be inserted through the windows of a
standard cage. To remove the piston ring (key 14) and/or
plug O-ring (key 20), remove the valve plug (key 16) from
the body flange, insert a screwdriver into the precut foldover
area of the piston ring, and unfold the piston ring. Proceed
to step 6 if no further maintenance is necessary.

5. To replace the body flange or gain access to the spring,
indicator stem (key 10), stem O-ring (key 7), spring seat
(key 28), E-ring (key 23), or optional travel stop, remove the
indicator protector (key 19) and indicator scale (key 18).
Since some compression is left in the spring, carefully
remove the flanged nut (key 22) and hex nut (key 8). A
screwdriver may be inserted through the press-fit bushing
(key 6) to remove the stem O-ring without removing the
bushing. If necessary, unscrew the travel stop (if used), and
unclip the E-ring from the indicator stem.

6. Replace and lubricate parts such as the gasket (key 4)
and cage O-ring (key 17) as necessary, making sure that if
the port and upper seals were removed they are installed in
their retaining slots with the grooved sides facing out. Also
lubricate any other surfaces as necessary for ease of
installation. No further main valve maintenance is
necessary if just the indicator fitting and attached parts were
removed.

7. Install the plug O-ring (key 20) and piston ring (key 14)
onto the valve plug. Insert the valve plug into the body
flange, install the cage plus upper seal and O-ring into the
body flange, and then install the seat ring plus port seal into
the cage. Use the valve body as a holding fixture during this
step as shown in figure 10, and insert a wrench handle or
similar tool into the seat ring slots for leverage when
tightening the seat ring and cage.

8. Remove the upside-down body flange if it was
anchored on the body. Coat the cage seating surfaces of the
valve body web and the body flange seating surfaces of the
valve body neck with a good grade of general-purpose
grease. Install the body flange on the body, and secure it
evenly with the cap screws or stud bolt nuts. Except on the
1-inch body, which does not use it, the pipe plug (key 31)
must be installed in the side tapping of the flange for proper
operation.

9. Make sure that the flange and stem O-rings and the
bushings are installed in the indicator fitting. Orient the
spring seat as shown in figure 11, and attach it with the
E-ring to the slotted end of the indicator stem. Install a travel
stop (if it is used) on the spring seat, and then install the
spring.

10. Being careful not to cut the stem O-ring with the stem
threads, install the indicator fitting down over the indicator
stem until resting on the spring. Install the hex nut and then
the flanged indicator nut on the indicator stem, pushing on
the fitting if necessary to provide sufficient stem thread
exposure. To maintain clearance for indicator part
installation, draw up the spring seat by turning the hex nut
down on the stem until the threads bottom.

11. Install the indicator fitting with attached parts into the
body flange. Back the hex nut off until the spring completely
closes the valve plug against the port and upper seals, as
indicated by stem threads showing between this nut and the
fitting. Hold the indicator scale against the fitting with the
scale base resting against the shoulder of the fitting, and
turn the indicator nut until its flange is aligned with the
bottom scale marking. Then lock both nuts against each
other, and install the indicator scale and protector.
Figure 10. Seat Ring/Cage Removal or Installation
Using Body as Holding Fixture

W2772-1
P590 Series Filter

Perform this procedure to clean or replace filter parts in a
standard Type P593-1 or P594-1 filter assembly. Remove
the following as shown in figure 12: filter body (key 1),
machine screw (key 4), gasket (key 7), two flat washers
(key 5), and filter element (key 2).
15
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Upon reassembly, one of the flat washers must go between
the filter element and filter head (key 3) and the other must
go between the filter element and gasket. Use a good grade
of pipe thread sealant on the filter head pipe threads as
shown by L.S. in figure 12.
Type 6351 Pilot

Perform this procedure if changing the control spring for one
of a different range, or if inspecting, cleaning, or replacing
any other pilot parts. Pilot key numbers are referenced in
figure 13 and mounting key numbers in figure 15, 16, or 17.

Note

The body assembly (key 1) may remain on
the pipe nipple (key 23, figure 15, or key 39,
figure 16) unless the entire pilot is replaced.
The optional spring case (key 2) for a Type
661 electric remote control drive unit may
remain installed during maintenance.

1. To gain access to the diaphragm assembly (key 7),
control spring (key 9), or spring seat (key 8), loosen the
locknut (key 11, not used with Type 661 mounting), and turn
the adjustment screw (key 10) out until compression is
removed from the spring. Remove the machine screws (key
12), and separate the body assembly from the spring case.

2. Inspect the removed parts, and replace as necessary.
Make sure the registration and bleed holes in the pilot body
are free from debris. After assembly, make sure of the
proper control spring setting according to the Startup
section, and re-mark the spring case if necessary.

3. To replace the valve plug (key 4), remove the body plug
(key 3) and body plug gasket (key 23). Be careful to keep
the valve plug spring (key 6) and valve plug spring seat (key
5) from falling out and possibly getting lost while removing
the valve plug. Inspect the removed parts, and replace as
necessary. Make sure the valve plug seating surfaces are
free from debris.
Type 6352 Through 6354M Pilots

Perform this procedure if changing the control spring for one
of a different range, or if inspecting, cleaning, or replacing
any other pilot parts. Pilot part key numbers are referenced
in figure 14. Mounting key numbers are referenced in figure
15 for single-pilot constructions and in figure 16 or 17 for
dual-pilot constructions.
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Note

The body (key 1) may remain on the pipe
nipple (key 23, figure 15 or key 39, figure 16)
unless the entire pilot is replaced.

1. To gain access to the diaphragm assembly (key 5),
diaphragm limiter (key 23) if used, control spring (key 6),
restriction (key 22), stem guide (key 8), or spring seat (key
7), remove the closing cap (key 11), loosen the locknut (key
10), and turn the adjusting screw (key 9) counterclockwise
until compression is removed from the spring. Remove the
machine screws (key 14), and separate the body from the
spring case (key 2).

2. Inspect the removed parts, and replace as necessary.
Make sure the restriction and the registration hole in the
body are free from debris. After assembly, make sure of the
proper control spring setting according to the Startup
section, and re-mark the spring case if necessary.

3. To replace the valve plug (key 4) or bellows O-ring (key
17), remove the body plug (key 3) and body plug gasket
(key 12). Be careful to keep the bellows assembly (key 16)
from falling out and possibly getting lost while removing the
valve plug. Inspect the removed parts, and replace as
necessary. Make sure the valve plug seating surfaces are
free from debris.
Type 61LD Pilot and Type 1806 Relief
Valve
Perform this procedure if changing the control spring for one
of a different range, or if inspecting, cleaning, or replacing
relief valve or any other pilot parts. Pilot part key numbers
are referenced in figure 18 and mounting part and relief
valve key numbers in figure 19.

1. Remove the pilot from the pipe nipple (key 14) unless
just the control spring is to be changed.

2. To gain access to the control spring or other internal
parts, remove the closing cap assembly (key 5) and relieve
control spring (key 7) compression by turning the adjusting
screw (key 6) counterclockwise. Change the control spring
and install the adjusting screw and closing cap assembly if
no other maintenance will be performed. Make sure of the
proper control spring setting according to the Installation
and Startup section, and restamp the nameplate if
necessary.

3. For any other internal maintenance, relieve control
spring compression according to step 2. Then remove the
cap screw (key 20) and separate the pilot into three
sections; spring case (key 1), body (key 2), and diaphragm
case (key 3).
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4. To inspect the two diaphragm (keys 14 and 15)
thoroughly, remove the diaphragm nut (key 11), hex nut (key
19), and the upper and lower diaphragm plates (key 16 and
17). The projecting prong in the body may be used as the
restraining member to keep the yoke from turning while
removing the nuts. Also inspect the O-ring (key 12), and
replace any parts as necessary.

5. Take the yoke (key 4) and attached parts out of the body
to examine the disk holder assembly (key 9). Remove the
relay orifice (key 8) to check for clogging and replace if
necessary.

6. To replace the disk holder assembly, first unscrew the
bleed orifice (key 10). Remove it and the associated parts.
Then unscrew the disk holder assembly from the bleed
valve (key 26) to gain access to the relay spring (key 13).
Clean or replace any parts as necessary before
reassembling.

7. Upon reassembly, pay particular attention to the
following assembly suggestions.

a. Before replacing the diaphragm case or spring
case, be sure the yoke assembly is positioned so that it will
not bind or rub on the prong in the relay body.

b. Avoid wrinkling the diaphragms when replacing the
diaphragm case and spring case.

c. Replace the diaphragm case, carefully working the
upper diaphragm (key 14) into the recess in the diaphragm
case. If the diaphragm case rocks with respect to the pilot
body, the diaphragm is probably wrinkled.

d. Replace the spring case, using care to smooth the
lower diaphragm (key 15) evenly into the recess in the pilot
body.

e. Install the eight cap screws, tightening them down
evenly in a crisscross pattern to avoid crushing the
diaphragm. Recommended final torque on these cap
screws in 10 to 12 foot pounds (14 to 16 NSm).

8. After assembly, make sure of the proper control spring
setting according to the Installation and Startup section,
and restamp the nameplate (key 27) if necessary.

9. To gain access to the Type 1806 relief valve (key 17),
disconnect the relief tubing at the connector fitting (key 21)
and unscrew the relief valve. Make sure the spring closes
the ball, or replace the relief valve if necessary. Install the
relief valve back in the pipe tee (key 16) and reconnect the
relief tubing (key 18) and connector fitting.
Type 1098 and 1098H Actuator and Pilot
Mounting Parts
Perform this procedure if changing the actuator or
inspecting, cleaning, or replacing actuator and/or pilot
mounting parts. Actuator part key numbers are referenced
in figure 20, and mounting part key numbers in figure 15, 16,
or 17 unless otherwise indicated.

1. The actuator and pilot(s) may be removed and replaced
as a unit by disconnecting the control line and pilot supply
line.

2. Access to all internal parts except the stem O-rings (key
6) may be gained without removing the bonnet (key 3) or
upper diaphragm case (key 2) from the main valve or the
pilot(s) from the bonnet pipe nipple (key 23, figure 15, or
keys 37 and 39, figure 16). Disconnect the loading tubing
(key 24, figure 15, 16, or 17) from the actuator elbow fitting
(key 25, figure 15, or key 41, figure 16), and with a Type
61LD pilot also disconnect the relief tubing (key 18, figure
19) from the fitting tee.

3. Remove the cap screws (key 10), nuts (key 11), lower
diaphragm case (key 1), diaphragm (key 7), and diaphragm
plate (key 8). To separate the stem (key 12) from the
diaphragm plate (key 8), remove the stem cap screw (key
9).

4. To remove the Type 1098 case O-ring (key 5),
unscrew the four case cap screws (key 4), remove the
upper diaphragm case (key 2), and remove the case O-ring.

To remove the Type 1098 and Type 1098H stem O-rings
(key 6), remove the pilot(s) and pipe nipple(s) if necessary.
Unscrew either the Type 1098 bonnet (key 3) or the Type
1098H upper diaphragm case (key 2), and remove the
O-rings.

5. Lubricate both stem O-rings (key 6) with grease, and
install them in either the Type 1098 bonnet (key 3) or in the
Type 1098H upper diaphragm case (key 2).

For the Type 1098H actuator, thread the upper diaphragm
casing into the main valve body.

For the Type 1098 actuator, lubricate the case O-ring (key
5), and install it in the bonnet (key 3). Line up the holes in
the upper diaphragm casing and the bonnet; insert and
tighten the four case cap screws to secure the parts
together. Thread the bonnet into the main valve body.

6. Secure the diaphragm plate to the stem with the stem
cap screw (key 9). Lay the entire diaphragm, diaphragm
plate, and stem assembly into the lower diaphragm case so
the diaphragm convolution laps up over the diaphragm
plate according to figure 20. Then install the stem slowly up
17
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into the bonnet to prevent stem or O-ring damage, and
secure the lower diaphragm case to the upper diaphragm
case with the cap screws and nuts. Tighten the cap screws
and nuts evenly in a crisscross pattern to avoid crushing the
diaphragm.

7. Grease the stem O-rings through the grease fitting (key
28) until excess grease starts coming out the vent (key 27).

8. Install the pipe nipple(s) and pilot(s) if they were
removed during maintenance. Connect the actuator
loading tubing if it was disconnected.
18
Parts Ordering

Each Type 1098-EGR or 1098H-EGR regulator is assigned
a serial number or F.S. number which can be found on the
nameplates (figure 2). Refer to this number when
contacting your Fisher sales office or sales representative
for assistance, or when ordering replacement parts.

When ordering a replacement part, be sure to include the
complete 11-character part number from the following parts
list. Some commonly used trim packages can be ordered
according to the 11-character assembly number given in the
parts kits listed in the parts list.
Parts List
Note

Except where indicated, sizes shown are valve body
sizes.

Design EGR Main Valve (figure 11)
Key Description Part Number

Parts kit (included are: gasket, key 4; stem O-ring, key 7; port seal,
key 12; piston ring, key 14; upper seal, key 15; cage O-ring, key
17; plug O-ring, key 20; and indicator fitting O-ring, key 21)
2-inch R63EG X00022
3-inch R63EG X00032
4-inch R63EG X00042
6-inch R63EG X00062

Parts kit, Quick Change Trim Assembly (included are: body flange,
key 2; linear cage, key 11; spring, key 9; valve plug, key 16; seat
ring, key 13; travel indicator, key 10; and standard elastomers)
60 Psi (4.1 bar) spring color green

Cast Iron Body Flange
1-inch 25A3170 X012
2-inch 25A3170 X102
3-inch 25A3170 X152
4-inch 25A3170 X222
6-inch 25A3170 X272

Steel Body Flange
1-inch 25A3170 X422
2-inch 25A3170 X452
3-inch 25A3170 X372
4-inch 25A3170 X482
6-inch 25A3170 X512

125 Psi (8.6 bar) spring color blue
Cast Iron Body Flange
1-inch 25A3170 X032
2-inch 25A3170 X082
3-inch 25A3170 X142
4-inch 25A3170 X192
6-inch 25A3170 X282

Steel Body Flange
1-inch 25A3170 X432
2-inch 25A3170 X382
3-inch 25A3170 X462
4-inch 25A3170 X492
6-inch 25A3170 X342

400 Psi (28 bar) spring color red
Cast Iron Body Flange
1-inch 25A3170 X052
2-inch 25A3170 X112
3-inch 25A3170 X172
4-inch 25A3170 X242
6-inch 25A3170 X312

Steel Body Flange
1-inch 25A3170 X442
2-inch 25A3170 X332
3-inch 25A3170 X472
4-inch 25A3170 X502
6-inch 25A3170 X522
Key Description Part Number

1 Valve Body
Cast Iron
NPT screwed
1 inch 34A6351 X012
2 inch 34A6763 X012

Class 125B FF
1 inch 34A6353 X012
2 inch 34A5694 X012
3 inch 34A5695 X012
4 inch 34A5703 X012
6 & 8 x 6 inch 34A6999 X012

Class 250B RF
1 inch 34A6354 X012
2 inch 34A5672 X012
3 inch 34A5657 X012
4 inch 34A5642 X012
6 & 8 x 6 inch 34A7000 X012

WCB steel, heat-treated
NPT screwed
1 inch 34A6352 X012
2 inch 34A6764 X012
2 inch (NACE)(1) 34A6764 X022

Class 150 RF
1 inch 34A6355 X012
1 inch (NACE) 34A6355 X042
2 inch 34A6765 X012
2 inch (NACE) 34A6765 X022
3 inch 34A6773 X012
3 inch (NACE) 34A6773 X032
4 inch 34A6776 X012
4 inch (NACE) 34A6776 X032
6 inch 34A6998 X012
6 inch (NACE) 34A6998 X032
8 x 6 inch 38A4214 X012
8 x 6 inch (NACE) 38A4214 X022

Class 300 RF
1 inch 34A6754 X012
2 inch 34A6766 X012
2 inch (NACE) 34A6766 X032
3 inch 34A6774 X012
3 inch (NACE) 34A6774 X022
4 inch 34A6777 X012
4 inch (NACE) 34A6777 X032
6 inch 34A6993 X012
6 inch (NACE) 34A6993 X022
8 x 6 inch 38A5825 X012
8 x 6 inch (NACE) 38A5825 X032

Class 600 RF
1 inch 34A6755 X012
2 inch 34A6767 X012
2 inch (NACE) 34A6767 X032
3 inch 34A6775 X012
3 inch (NACE) 34A6775 X022
4 inch 34A6778 X012
4 inch (NACE) 34A6778 X022
1. National Association of Corrosion Engineers (NACE) standard MR-01-75.
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Figure 11. Design EGR Main Valve
Key Description Part Number

1 Valve Body (Continued)
Class 600 RF
6 inch 34A6997 X012
6 inch (NACE) 34A6997 X022
8 x 6 inch 39A7068 X012
8 x 6 inch (NACE) 39A7068 X022

Socket weld
1 inch 36A3941 X012
2 inch 36A3945 X012

Schedule 40 butt weld
1 inch 36A3942 X012
2 inch 36A3944 X012
3 inch 36A3947 X012
4 inch 36A3949 X012
6 & 8 x 6 inch 36A3952 X012

Schedule 80 butt weld
1 inch 36A3943 X012
2 inch 36A3946 X012
3 inch 36A3948 X012
4 inch 36A3950 X012
6 & 8 x 6 inch 36A3951 X012
Key Description Part Number

2 Body Flange
Cast iron, ENC(2)

1 inch 24A6761 X012
2 inch 25A3168 X012
3 inch 24A9034 X012
4 inch 25A2309 X012
6 & 8 x 6 inch 34A8172 X012

WCB steel, ENC, heat-treated
1 inch 24A6779 X012
1 inch (NACE) 24A6779 X032
2 inch 25A2254 X012
2 inch (NACE) 25A2254 X022
3 inch 25A2300 X012
3 inch (NACE) 25A2300 X022
4 inch 24A9032 X012
4 inch (NACE) 24A9032 X022
6 & 8 x 6 inch 34A7152 X012
6 & 8 x 6 inch (NACE) 34A7152 X022
25A3170-C
26A3800-A
35A3167-D
19
*Recommended spare part.
2. Part included in trim package assembly can be ordered according to the parts

kit trim package.
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Key Description Part Number

3 Cap Screw, zn pl steel (use w/cast iron body)
1 inch (4 req’d) 1R2811 24052
2 inch (8 req’d) 1A4533 24052
3 inch (8 req’d) 1A4541 24052
4 inch (8 req’d) 1A4857 24052
6 & 8 x 6 inch (12 req’d) 1U5131 24052

3 Stud Bolt, steel (use w/steel body) (not shown)
1 inch (4 req’d) 1R2848 31012
2 inch (8 req’d) 1K2429 31012
3 inch (8 req’d) 1A3781 31012
4 inch (8 req’d) 1R3690 31012
6 & 8 x 6 inch (12 req’d) 1A3656 31012

4*(2) Gasket, composition
1 inch 14A6785 X012
2 inch 14A5685 X012
3 inch 14A5665 X012
4 inch 14A5650 X012
6 & 8 x 6 inch 14A6984 X012

5(2) Indicator Fitting, pl steel
1 inch 14A6758 X012
1 inch (NACE) 14A6758 X022
2, 3, & 4 inch 14A9689 X012
2, 3, & 4 inch (NACE) 14A9689 X042
6 & 8 x 6 inch 24A8183 X012
6 & 8 x 6 inch (NACE) 24A8183 X022

6(2) Bushing
416 stainless steel 14A5677 X012
410 stainless steel (NACE) 14A5677 X022

7* Stem O-Ring
Nitrile(2) 1D6875 06992
Fluoroelastomer 1N4304 06382

8(2) Hex Nut, pl steel 1A6622 28992
9(2) Spring, steel

20 psi (1.4 bar) maximum drop yellow
2 inch 14A6768 X012
3 inch 14A6771 X012
4 inch 14A6770 X012
6 & 8 x 6 inch 15A2253 X012

60 psi (4.1 bar) maximum drop green
1 inch 14A9687 X012
2 inch 14A6626 X012
2 inch (NACE) 16A5501 X012
3 inch 14A6629 X012
3 inch (NACE) 16A5503 X012
4 inch 14A6632 X012
4 inch (NACE) 16A5506 X012
6 & 8 x 6 inch 14A9686 X012
6 & 8 x 6 inch (NACE) 16A5510 X012

125 psi (8.6 bar) maximum drop blue
1 inch 14A9680 X012
1 inch (NACE) 10B1882 X012
2 inch 14A6627 X012
2 inch (NACE) 16A5995 X012
3 inch 14A6630 X012
3 inch (NACE) 16A5996 X012
4 inch 14A6633 X012
4 inch (NACE) 16A5997 X012
6 & 8 x 6 inch 14A9685 X012
6 & 8 x 6 inch (NACE) 16A5999 X012

400 psi (28 bar) maximum drop red
1 inch 14A9679 X012
2 inch 14A6628 X012
2 inch (NACE) 16A5499 X012
3 inch 14A6631 X012
3 inch (NACE) 16A5500 X012
4 inch 14A6634 X012
4 inch (NACE) 16A5998 X012
6 & 8 x 6 inch 15A2615 X012
6 & 8 x 6 inch (NACE) 16A6000 X012

10(2) Indicator Stem
Stainless steel
1 inch 14A6756 X012
2 inch 14A6994 X012
3 inch 14A6995 X012
4 inch 14A8179 X012
6 & 8 x 6 inch 14A6986 X012
20
Key Description Part Number

10(2) Indicator Stem (Continued)
316 stainless steel (NACE)
1 inch (NACE) 14A6756 X022
2 inch (NACE) 14A6994 X022
3 inch (NACE) 14A6995 X022
4 inch (NACE) 14A8179 X022
6 & 8 x 6 inch (NACE) 14A6986 X022

11 Cage
Linear
Cast iron, ENC(2)

1 inch 24A6783 X012
2 inch 24A5669 X012
3 inch 24A5654 X012
4 inch 24A5639 X012
6 & 8 x 6 inch 24A6990 X012

WCB steel, ENC, heat-treated
1 inch 24A6783 X022
1 inch (NACE) 24A6783 X032
2 inch 24A5669 X022
2 inch (NACE) 24A5669 X032
3 inch 24A5654 X022
3 inch (NACE) 24A5654 X042
4 inch 24A5639 X022
4 inch (NACE) 24A5639 X032
6 inch 24A6990 X022
6 & 8 x 6 inch (NACE) 24A6990 X032

Whisper Trim
416 stainless steel
1 inch 24A2043 X012
2 inch 24A5707 X012
3 inch 24A5708 X012
4 inch 24A5709 X012
6 & 8 x 6 inch 24A8174 X012

316 stainless steel (NACE)
2 inch (NACE) 24A5707 X022
3 inch (NACE) 24A5708 X032
4 inch (NACE) 24A5709 X022
6 & 8 x 6 inch (NACE) 24A8174 X022

Quick Opening, cast iron, ENC
1 inch 37A7211 X012
2 inch 37A7212 X012
3 inch 37A7213 X012
4 inch 37A7214 X012
6 & 8 x 6 inch 37A7215 X012

12* Port Seal
Nitrile(2) standard
1 inch 14A6788 X012
2 inch 24A5673 X012
3 inch 24A5658 X012
4 inch 24A5643 X012
6 & 8 x 6 inch 14A8175 X012

Fluoroelastomer
1 inch 14A8186 X012
2 inch 25A7412 X012
3 inch 25A7375 X012
4 inch 25A7469 X012
6 & 8 x 6 inch 14A6996 X012

13*(2) Seat Ring
416 stainless steel
1 inch, 1-5/16 inch (33 mm) port 24A6781 X012
2 inch, 2-3/8 inch (60 mm) port 24A5670 X012
3 inch, 3-3/8 inch (86 mm) port 24A5655 X012
4 inch, 4-3/8 inch (111 mm) port 24A5640 X012
6 inch, 7-3/16 inch (183 mm) port 24A6989 X012
8 x 6 inch 7-3/16 inch (183 mm) port 38A4216 X012

316 stainless steel (NACE)
1 inch, 1-5/16 inch (33 mm) port (NACE) 24A6781 X022
2 inch, 2-3/8 inch (60 mm) port (NACE) 24A5670 X022
3 inch, 3-3/8 inch (86 mm) port (NACE) 24A5655 X022
4 inch, 4-3/8 inch (111 mm) port (NACE) 24A5640 X022
6 inch, 7-3/16 inch (183 mm) port (NACE) 24A6989 X022
8 x 6 inch 7-3/16 inch (183 mm) port (NACE) 38A4216 X022

14*(2) Piston Ring
1 inch, TFE (clear) 14A6786 X012
2 inch, TFE (clear) 14A5675 X012
3 inch, TFE (clear) 14A5660 X012
4 inch, TFE (clear) 14A5645 X012
6 & 8 x 6 inch, glass-filled TFE (yellow) 14A6985 X022

*Recommended spare part
2. Part included in trim package assembly which can be ordered according to the parts

kit trim package.
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Key Description Part Number

15* Upper Seal
Nitrile(2) (standard)
1 inch 14A6789 X012
2 inch 24A5674 X012
3 inch 24A5659 X012
4 inch 24A5644 X012
6 & 8 x 6 inch 14A8176 X012

Fluoroelastomer
1 inch 14A8187 X012
2 inch 25A7413 X012
3 inch 25A7376 X012
4 inch 25A7468 X012
6 & 8 x 6 inch 14A8185 X012

16*(2) Valve Plug, heat-treated
416 stainless steel
1 inch 14A6780 X012
2 inch 24A6772 X012
3 inch 24A9421 X012
4 inch 24A8182 X012
6 & 8 x 6 inch 24A6992 X012

316 stainless steel (NACE)
1 inch (NACE) 14A6780 X022
2 inch (NACE) 24A6772 X032
3 inch (NACE) 24A9421 X022
4 inch (NACE) 24A8182 X022
6 & 8 x 6 inch (NACE) 24A6992 X022

17* Cage O-Ring
Nitrile(2) (standard)
1 inch 10A7777 X012
2 inch 10A7779 X012
3 inch 14A5688 X012
4 inch 10A3481 X012
6 & 8 x 6 inch 18A2556 X022

Fluoroelastomer
1 inch 10A7778 X012
2 inch 10A7779 X022
3 inch 10A3441 X012
4 inch 10A3483 X012
6 & 8 x 6 inch 18A2556 X032

18 Indicator Scale, plastic
1 inch(2) 14A6759 X012
2 inch(2) 14A5678 X012
3 inch(2) 14A5662 X012
4 inch
w/2 inch (51 mm) travel(2) 14A5647 X012
w/1-1/2 inch (38 mm) travel 14A5662 X012

6 & 8 x 6 inch(2) 14A5647 X012
19 Indicator Protector

Zn pl steel
1 & 2 inch(2) 14A8180 X012
3, 6 & 8 x 6 inch(2) 14A6769 X012
4 inch(2) w/2 inch (51 mm) travel 14A6769 X012

Pl steel
4 inch w/1-1/2 inch (38 mm) travel 14A5664 X012

20* Plug O-Ring
Nitrile(2) (standard)
1 inch 14A6981 X012
2 inch 14A5686 X012
3 inch 1V3269 06562
4 inch 14A5688 X012
6 & 8 x 6 inch 1K8793 06992

Fluoroelastomer
1 inch 14A8188 X012
2 inch 14A5686 X022
3 inch 1V3269 X0042
4 inch 10A3441 X012
6 & 8 x 6 inch 1V5476 06382

21* Indicator Fitting O-Ring
Nitrile(2)

1 inch 10A8931 X012
2, 3, & 4 inch 10A3800 X012
6 & 8 x 6 inch 1F2629 06992

Fluoroelastomer
1 inch 10A0811 X012
2, 3, & 4 inch 1R7276 06382
6 & 8 x 6 inch 1P4877 06382

*Recommended spare part
2. Part included in trim package assembly which can be ordered according to the parts

kit trim package.
Key Description Part Number

22(2) Flange Nut, pl steel 14A5693 X012
23(2) E-Ring

stainless steel 14A8181 X012
1577 steel, heat treated (NACE) 14A8181 X022

24 Drive Screw, stainless steel (4 req’d) 1A3682 28982
25 Flow Arrow, stainless steel 1V1059 38982
26 Body Rating Plate, stainless steel (not shown) 13A2353 X012
28 Spring Seat

Full capacity trim(2)

zinc plated steel
1 inch 14A6982 X012
2, 3, & 4 inch 15A2206 X012
6 & 8 x 6 inch 14A8177 X012

Heat-treated wrought steel (NACE)
1 inch (NACE) 14A6982 X022
2 inch, 3 inch, 4 inch (NACE) 15A2206 X022
6 & 8 x 6 inch (NACE) 14A8177 X022

Restricted capacity trim, heat-treated,
416 stainless steel
2, 3, & 4 inch 14A9678 X012
6 inch 14A9688 X012
2, 3, & 4 inch (NACE) 14A9678 X012
6 & 8 x 6 inch (NACE) 14A9688 X012

29 Hex Nut Steel (use w/steel body)
(not shown)
1 inch (4 req’d) 1C3306 24072
2 inch (8 req’d) 1A3772 24072
3 inch (8 req’d) 1A3760 24072
4 inch (8 req’d) 1A3520 24072
6 & 8 x 6 inch (12 req’d) 1A4409 24072

31(2) Pipe Plug
zinc plated steel 1A7675 24662
steel (NACE)
2, 3, or 4 inch (NACE) 1A7675 24012
6 or 8 x 6 inch (NACE) 1B5731 X0012

32 Travel Stop, galvanized zn pl steel (not used w/full capacity trim)
2 inch
30% capacity 14A9677 X012
70% capacity 14A9676 X012

3 inch,
40% capacity 14A9671 X012

4 inch,
40% capacity 14A9670 X012

6 inch,
40% capacity 14A9682 X012

33 NACE Tag (not shown) (NACE)
18-8 stainless steel (NACE) 19A6034 X012

34 Tag Wire (not shown) (NACE)
304 stainless steel (NACE) 1U7581 X0022
Figure 12. Standard P590 Series Filter Assembly

AJ5004-B
A2135-1
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32A6985-A
2

Figure 13. Type
34A6635-B
6351 Pilot Assembly
Key Description Part Number

Standard P590 Series
Filter (figure 12)
1 Filter Body

Type P594-1, brass 1E3124 14012
Type P593-1,
aluminum 1E3124 09012
aluminum (NACE) 1E3124 09012

2* Filter Element,
cellulose 1E3126 06992
cellulose (NACE) 1E3126 06992

3 Filter Head
Type P594-1, brass 1E3125 14012
Type P593-1,
aluminum 1E3125 09012
aluminum (NACE) 1E3125 09012

4 Machine Screw
Type P594-1, brass 1J5002 18992
Type P593-1,
aluminum 1J5002 09012
aluminum (NACE) 1J5002 09012

5 Washer (2 req’d)
Type P594-1, brass 1J5000 18992
Type P593-1,
aluminum 1J5000 10062
aluminum (NACE) 1J5000 10062

7* Gasket, composition 1F8268 04022
11 NACE Tag (Type P593-1 only) (NACE)

18-8 stainless steel (not shown) 19A6034 X012
12 Tag Wire (Type P593-1 only) (NACE)

303 stainless steel (NACE) 1U7581 X0022
Type 6351 Pilot
(figure 13)

Parts kit (included are: valve plug, key 4;
valve spring, key 6; diaphragm assembly, key 7;
body plug gasket, key 23 and for the P590 Series Filter,
filter element, key 2; and gasket, key 7) R6351 X00012

1 Body Assembly
Aluminum w/brass bushing 1B7971 X0092
Aluminum w/315 stainles steel bushing (NACE) 1B7971 X0232
Brass w/brass bushing 1B7971 X0112
316 stainless steel w/303 stainless steel bushing 1B7971 X0122

2 Spring Case, aluminum
w/untapped vent (standard) 2B7974 08012
w/1/4 inch NPT tapped vent
(for use w/Type 661 mtg) 13A0166 X012
Key Description Part Number

3 Body Plug
Aluminum 1B7975 09032
Brass 1B7975 14012
316 Stainless steel 1B7975 35072
Stainless steel (NACE) 1B7975 09032

4* Valve Plug
Nitrile w/brass stem 1D5604 000A2
Nitrile w/stainless steel stem 1D5604 000B2
Fluoroelastomer w/brass stem 1N3798 71662
Fluoroelastomer w/stainless steel stem 1N3798 000C2

4 Inner Valve, 304 stainless steel/nitrile (NACE) 1D5604 000B2
5 Valve Plug Spring Seat

Aluminum (use w/brass stem) 1E5322 11032
316 stainless steel (use w/stainless steel stem) 1L2511 35072
316 stainless steel (NACE) 1L2511 35072

6 Valve Plug Spring,
stainless steel 1B7979 37022
heat-treated alloy 600 (UNS N07750) 19A2860 X012

7* Diaphragm Assembly (includes zn pl steel diaphragm plate)
Nitrile w/aluminum pusher post 1B7980 000B2
Fluoroelastomer w/aluminum pusher post 1B7980 000C2
Nitrile w/stainless steel post 1B7980 X00A2
Nitrile diaphragm w/stainless steel pusher post &
diaphragm plate (NACE) 1B7980 X0112

8 Upper Spring Seat, zn pl steel 1B7985 25062
9 Control Spring, Cd pl steel

3 to 20 psig (0.21 to 1.4 bar) range, green 1B9860 27212
5 to 35 psig (0.34 to 2.4 bar) range,cadmium 1B7883 27022
35 to 100 psig (2.4 to 6.9 bar) range, red 1K7485 27202

10 Adjusting Screw, pl steel (not used
w/Type 661 mtg) 10A2099 X012

11 Locknut, zn pl steel (not used w/Type 661 mtg) 1A9463 24122
12 Machine Screw, pl steel (6 req’d) 1B7839 28982
22 Body Inlet Pipe Nipple,

galvanized zn pl steel (use w/P590 Series filter) 1C4882 26232
steel (NACE) 1C4882 X0032

22 Spring Case Vent Pipe Nipple,
galvanized zn pl steel (use w/Type 661 mtg) 1C6789 26232

23* Body Plug Gasket, composition 1C4957 04022
24 P590 Series Filter (parts listed under separate heading)

Type P594-1, brass & cellulose (standard) AJ5004 000A2
Type P593-1, aluminum & cellulose AJ5004 T0012

25 Sealant Loctite N. 516 (one pint can, not supplied) 1M1137 X0012
35 Type Y602-13 Vent Assembly, zinc

w/stainless steel screen (use w/Type 661 mtg) 17A6572 X042
42 Relief Valve Assembly Aluminum/stainless steel

25 psi (1.7 bar differential) 16A5929 X022
42 Aluminum/302 stainless steel (NACE)

25 psi (1.7 bar differential) 16A5929 X042
*Recommended spare part



Types 1098-EGR & 1098H-EGR
35A6235-A
B1403
Figure 14. Type 6352 Through 6354M Pilot Assemb

*Recommended spare part
35A8889-A
A2950
lies
Key Description Part Number

Type 6352 Through
6354M Pilot (figure 14)

Parts kit (included are: valve plug, key 4;
diaphragm assembly, key 5; body plug gasket, key 12;
bellows O-ring, key 17; closing cap gasket, key 20;
and for the P590 Series Filter, filter element, key 2;
and gasket, key 7)
Type 6352 R6352 X00012
Type 6353 R6353 X00012
Type 6354 R6354 X00012

1 Body
Aluminum 35A6228 X012
Brass 35A6224 X012
Steel 35A6226 X012
316 stainless steel 39A5971 X012
Aluminum (NACE) 35A6228 X012
316 stainless steel (NACE) 39A5971 X012

2 Spring Case
Aluminum
Use w/closing cap 25A6220 X012
Use w/o closing cap 15A1581 X012
Use w/Type 661 mtg 26A6790 X012

Brass 25A6790 X012
Steel 25A6223 X012
316 Stainless steel 28A9277 X012
Aluminum (NACE) 25A6220 X012
316 stainless steel (NACE) 28A9277 X012

3 Body Plug
Aluminum 15A6221 X012
Brass 15A6221 X022
Steel 15A6221 X032
316 stainless steel 15A6221 X042
Aluminum (NACE) 15A6221 X012
316 stainless steel (NACE) 15A6221 X042

4* Valve Plug & Stem Assembly,
nitrile disk w/stainless steel stem 15A6207 X012
316 stainless steel stem (NACE) 15A6207 X052

5* Diaphragm Assembly
Type 6352 w/natural rubber diaphragm 15A6216 X012
Fluoroelastomer diaphragm (NACE) 15A6216 X132
Type 6353 w/nitrile diaphragm 15A6216 X022
Type 6354L, 6354M, or 6354H w/neoprene
diaphragm 15A6216 X032
Key Description Part Number

6 Control Spring
Zn pl steel
Type 6352
2 inch wc to 2 psig (5 to 140 mbar), yellow 14A9672 X012

Type 6352
2 to 10 psig (0.14 to 0.69 bar), black 14A9673 X012
2 inch wc to 2 psig (5 to 140 mbar),
yellow (NACE) 14A9672 X012

2 inch wc to 2 psig (5 to 140 mbar),
black (NACE) 14A9673 X012

Type 6353
3 to 40 psig (0.21 to 2.8 bar), yellow 1E3925 27022
35 to 125 psig (2.4 to 6.9 bar), red 1K7485 27202

Type 6354L
85 to 200 psig (5.9 to 14 bar), blue 1L3461 27142

Type 6354M
175 to 220 psig (12 to 15 bar), blue 1L3461 27142

17-4PH stainless steel
Type 6354H
200 to 300 psig (14 to 21 bar), green 15A9258 X012

7 Spring Seat
Zn pl steel (for Types 6352 & 6353) 1B7985 25062
Pl steel (for Type 6354L, 6354M, or 6354H) 1K1558 28982

8 Stem Guide
416 stainless steel, heat-treated 15A6222 X012
410 stainless steel (NACE) 15A6222 X022

9 Adjusting Screw
Zn pl steel (for Types 6352 & 6353) 1H3050 28982
Pl steel (for aluminum spring case w/closing cap &
Type 6354L, 6354M, or 6354H) 1B7986 28982

10 Locknut, zn pl steel 1A9463 24122
11 Closing Cap

Aluminum 1H2369 X0012
Brass 1H2369 14012
Steel 1H2369 X0022
316 stainless steel 1H2369 X0032

12* Body Plug Gasket
Composition 1C4957 04022
Composition (NACE) 1C4957 04022

13 Type Y602-12 Vent Assembly, plastic
w/stainless steel screen 27A5516 X012

14 Machine Screw (6 req’d)
Steel 1H4217 28992
Pl steel
For aluminum spring case w/o closing cap 1H2676 28982
For Type 661 mtg 1E9752 28982
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Key Description Part Number

15 Relief Valve Assembly
Aluminum/stainless steel
25 psi (1.7 bar) differential 16A5929 X052

Aluminum/302 stainless
steel for 25 psi (1.7 bar) differential (NACE) 16A5929 X042

16 Bellows Assembly, stainless steel/ nickel 15A6202 X012
17* Bellows O-Ring, nitrile 1D6825 06992
19 P590 Series filter (parts listed under separate heading)

Type P594-1, brass & cellulose (standard) AJ5004 000A2
Type 593-1, aluminum & cellulose AJ5004 T0012

20* Closing Cap Gasket, composition 15A6218 X012
21 Pipe Nipple

Galvanized zn pl steel 1C4882 26232
Noncorrosive, NACE steel (NACE) 1C4882 X0032
Corrosive, 316 stainless steel (NACE) 1C4882 X0042

22 Restriction, pl steel (not used for low-gain construction)
Standard gain (indicated by S stamped on pilot body),
No. 51 drill size or 0.067 inch (1.7 mm)
diameter, green 17A2030 X012

High gain for narrower proportional bands (indicated by
H stamped on pilot body), No. 57 drill size or
0.043 inch (1.09 mm) diameter, red 17A2029 X012

22 Restriction, NACE construction 316 stainless steel (not used for
low-gain construction) Standard gain (indicated by S stamped on
pilot body), No. 51 drill size or 0.067 inch (1.7 mm) diameter,
green color code 17A2030 X022

High gain for narrower proportional bands (indicated by
H stamped on pilot body), No. 57 drill size or 0.043 inch
(1.09 mm) diameter, red color code 17A2029 X022

23 Diaphragm Limiter, aluminum (for Types 6354H or
6354M) 15A9259 X012

26 NACE Tag (Type 6352 only), NACE
18-8 stainless steel not shown) 19A6034 X012

27 Tag Wire (Type 6352 only), NACE
303 stainless steel (not shown) 1U7581 X0022
Type 61LD Pilot
(figure 18)

Parts kit (included are: relay orifice, key 8; disk holder assembly,
key 9; bleed orifice, key 10; O-ring, key 12 relay spring, key 13;
upper relay diaphragm, key 14; lower relay diaphragm, key 15;
bleed valve, key 26; and
closing cap gasket, key 28) R61LD X00012

1 Spring Case, cast iron 1B9839 19012
2 Body, cast iron 2J5819 19012
3 Diaphragm Case, Cast iron 2C5186 19012
4 Yoke

Zinc 1D6625 44012
Cast iron 1B9840 19012

5 Closing Cap Assembly (includes keys
5a, 5b, 5c and 5d) AD5586 000A2

5A Screen, stainless steel (not used with
Type 661 mtg) 1B6335 38392

5B Snap Ring, stainless steel (not used
with Type 661 mtg) 1B6336 38992

5C Machine Screw, steel (not used with
Type 661 mtg) 1D5589 28992

5D Closing Cap, zinc (not used with
Type 661 mtg) 2D3715 44012

6 Adjusting Screw, zinc (not used with
Type 661 mtg) 1B5379 44012

7 Control Spring, steel pl
1/4-2 psig (0.017-0.138 bar) range, red spring 1B8863 27022
1-5 psig (0.069-0.34 bar) range, yellow spring 1J8578 27022
2-10 psig (0.138-0.69 bar) range, blue spring 1B8864 27022
5-15 psig (0.34-1.02 bar) range, brown spring 1J8579 27142
10-20 psig (0.69-1.4 bar) range, green spring 1B8865 27022

8 Relay Orifice, stainless steel 1C5201 35032
9 Disk Holder Assembly

Brass/nitrile (standard) 1B8868 000A2
Stainless steel/nitrile (corrosive) 1B8868 000B2

10 Bleed Orifice, stainless steel 1B8873 35032
11 Diaphragm Nut

Brass 1B9895 14012
Stainless Steel 1B9895 35072
24
Key Description Part Number

12* O-ring, nitrile 1B8855 06992
13 Relay Spring, 302 stainless steel 1E6436 37022
14* Upper Diaphragm, Nitrile 1B8852 02052
15* Lower Diaphragm, Nitrile 1B8860 02052
16 Upper Diaphragm Plate, Steel 1B9893 25072
17 Lower Diaphragm Plate, Steel 1B9894 25072
18 Spring Seat, steel, cd pl 1B8862 25072
19 Hex Nut, steel, cd pl 1A3403 24122
20 Cap Screw, steel, (8 req’d) 1B9896 24052
22 Pipe Plug, steel (not used with Type 661 mtg) 1A6495 28992
23 Vent Screen, alloy 400 (used only with

Type 661 mtg) 0L0783 43062
24 Pipe Nipple, steel zinc pl 1C4882 26232
25 P590 Series filter (parts listed under separate heading)

Type P594-1, brass & cellulose (standard) AJ5004 000A2
Type 593-1, aluminum & cellulose AJ5004 T0012

26 Bleed Valve, 416 stainless steel 1H9516 35132
27 Nameplate, aluminum 14A1711 X012
28* Gasket, neoprene 1P7533 06992
30 Pipe Plug, cast iron (2 req’d) 1A3619 19012
35 Spring Seat, steel (used only with Type 661 mtg) 1J4284 24092
50 Drive Screw, steel, pl (2 req’d) 1E9530 28982
Figure 15. Single-Pilot Mounting Parts

14A5706-A
A2124-1
Standard Single-Pilot
Mounting Parts
(figures 15 & 19)

Note

Key numbers 14 through 22 are only for mounting a Type
61LD pilot.

14 Pipe Nipple, galvanized zn pl steel 1F7315 26012
15 Pipe Nipple, galvanized zn pl steel 1F7302 26012
16 Pipe Tee, Malleable iron 1A4736 21992
17 Type 1806 Relief Valve, SST ball and spring

Brass body and spring seat AF5001 X00A2
Aluminum body and spring seat AF5001 X0012
Stainless steel body and spring seat AF5001 X0022

18 Relief Tubing
Copper 14A9457 X012
Aluminum 14A9457 X032
Steel 14A9457 X022
Stainless steel 14A9457 X042
*Recommended spare part
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47A7118-B
Figure 16. Dual-Pilot Mounting Parts for Boiler Fuel Installations

47A7119-A
C0513
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Key Description Part Number

19 Tee Fitting
Brass 14A9056 X012
Steel 14A9056 X032
Stainless steel 14A9056 X042

20 Loading Tubing
Copper 24A9459 X012
Aluminum 24A9459 X032
Steel 24A9459 X022
Stainless steel 24A9459 X042

21 Connector Fitting
Brass 1H8682 18992
Aluminum 1J9886 11992
Steel 1J1395 28992
Stainless steel 1L9272 38992

22 Elbow Fitting
Brass 1L2497 18992
Aluminum 1K5654 11992
Steel 1J1396 28992
Stainless steel 1N6856 38992

23 Pipe Nipple, galvanized zn pl steel
Size 30 or 40 actuator 1C2100 26232
Size 70 actuator 19A7858 X012

Pipe Nipple, NACE construction
Size 30 or 40 actuator
Aluminum 1C2100 X0022
316 stainless steel 1C2100 X0012

Size 70 actuator
Aluminum 19A7858 X022
316 stainless steel 19A7858 X032

24 Loading Tubing
Steel (standard)
Size 30 or 40 actuator 14A9458 X022
Size 70 actuator 050021 2401W

Stainless steel
Size 30 or 40 actuator 14A9458 X042
Size 70 actuator 050198 3807W
26
Key Description Part Number

24 Loading Tube (Continued)
Copper
Size 30 or 40 actuator 14A9458 X012
Size 70 actuator 050021 1701W

Aluminum
Size 30 or 40 actuator 14A9458 X032
Size 70 actuator 050021 1107W

NACE construction
Size 30 or 40 actuator
Aluminum 14A9458 X032
304 stainless steel 14A9458 X042

Size 70 actuator (specify main valve type number and body size)
Aluminum 050021 1107W
304 stainless steel 050198 3807W

25 Elbow Fitting (2 req’d)
Pl steel (standard) 15A6002 X472
Stainless steel 15A6002 X612
Brass 15A6002 X162
Aluminum 15A6002 X402
Aluminum (NACE) 15A6002 X402
316 stainless steel (NACE) 15A6002 XC72

26 Pipe Bushing
Malleable iron 1B2928 21992
Steel (NACE) 1B2928 X0032
Figure 17. Dual-Mounting Parts for Working Monitor Regulator

37A0565-C
A2949-1
Boiler Fuel Installation
Dual-Pilot Mounting
Parts (figure 16)
16 Pipe Tee, galvanized malleable iron (4 req’d) 1A4736 21992
21 Tubing Connector, pl steel (3 req’d) 15A6002 X462
24 Tubing, steel 050021 2401W
30 Mounting Bracket, steel (for Type 621-107) 1H3504 X0012
31 Cap Screw, zn pl steel (2 req’d)

(for Type 621-107) 1A5828 24052
32 Cap Screw, zn pl steel (2 req’d)

(for Type 621-107) 1K7646 24052
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Key Description Part Number

37 Pipe Nipple, galvanized zn pl steel 1F7315 26012
38 Pipe Nipple, galvanized zn pl steel

(5 req’d for Type Y600P; 4 req’d for
Type 621-107) 1K2015 26022

39 Pipe Nipple, galvanized zn pl steel 1C5599 26232
41 Tubing Elbow pl steel (3 req’d for Type

Y600P; 5 req’d for Type 621-107) 15A6002 X472
43 Pipe Bushing, pl steel (4 req’d) 1C3790 26232
44 Pipe Bushing, steel 1A3424 28992
45 Pipe Bushing, galvanized zn pl steel 1K2895 28992
47 Female Union, malleable iron 1B5405 21992
48 Pipe Plug, steel 1A3692 24492
49 Led-Plate(3) No. 250 Sealant, 5 lb (2.3 kg) can

(not furnished w/regulator) 1M5240 06992
Working Monitor Dual-
Pilot Mounting Parts
(figure 17)
22 Tubing Elbow, pl steel 15A6002 X472
24 Tubing, steel 050021 2401W
30 Mounting Bracket, steel 1H3504 X0012
31 Cap Screw, zn pl steel (2 req’d) 1A5828 24052
32 Cap Screw, zn pl steel (2 req’d) 1K7646 24052
34 Flared Nut, zn pl steel 1D6921 24272
35 Tubing Connector, brass 1D6922 14012
36 Pipe Bushing, steel (2 req’d) 1A3424 28992
Type 1098 and 1098H
Actuators (figure 20)

Parts kit (included are: casing O-ring, key 5; stem O-ring,
key 6; and diaphragm, key 7)
Size 30 R1098 X00302
Size 40 (standard) R1098 X00402
Size 70 R1098 X00702

1 Lower Diaphragm Case
Type 1098
Size 30, zn pl steel 2E8007 28992
Size 40, steel 24A7155 X012
Size 70, zn pl steel 2N1266 28992

Type 1098H
Size 30, WCB steel 36A8537 X012

NACE Construction
Type 1098
Size 30, heat-treated zinc plated steel (NACE) 2E8007 X0022
Size 40, NACE steel 24A7155 X032
Size 70, NACE steel 2N1266 X0022

Type 1098H (size 30 only), heat-treated
WCB steel (NACE) 36A8537 X022

2 Upper Diaphragm Case
Type 1098
Size 30
Steel 25A7340 X012
Wrought steel (NACE) 25A7340 X022

Size 40
zinc plated steel 24A5680 X012
Wrought steel (NACE) 24A5680 X022

Size 70
zinc plated steel 25A2607 X012
Wrought steel (NACE) 25A2607 X022

Type 1098H
Size 30
WCB steel 36A8535 X012
Heat-treated WCB steel (NACE) 36A8535 X022

3 Bonnet (for Type 1098 only)
Steel 24A5681 X012
Wrought steel (NACE) 24A5681 X022
*Recommended spare part
3. Trademark of Armite Laboratories.
Key Description Part Number

4 Cap Screw (for Type 1098 only)
Zinc plated steel 1D5287 24952
B7M zinc plated steel (NACE) 1D5298 X0012

5* Casing O-Ring
Nitrile (not req’d for Type 1098H) 1F9141 06992
Fluoroelastomer 1F9141 X0012

6* Stem O-Ring (2 req’d)
Nitrile 1C7822 06992
Fluoroelastomer 1K7561 06382

7* Diaphragm, nitrile
Size 30 2E7919 02202
Size 40 2E6700 02202
Size 70 2N1269 02202

8 Diaphragm Plate
Cast iron
Size 30 15A7339 X012
Size 40 14A5682 X012
Size 70 15A2606 X012

Heat-treated WCB steel (NACE)
Type 1098
Size 30 19A7317 X012
Size 40 19A7318 X012
Size 70 19A7319 X012

Type 1098H (size 30 only) 19A7317 X012
9 Stem Cap Screw

Plated steel
Size 30 or 40 1L5454 28982
Size 70 11B1768 X012

Grade 8 black steel (NACE)
Type 1098 (NACE)
Size 30 or 40 (NACE) 1L5454 X0012
Size 70 (NACE) 11B1768 X022

Type 1098H (size 30 only) (NACE) 1L5454 X0012
10 Cap Screw, zn pl steel

Type 1098
Size 30 (12 req’d) 1E7603 24052
Size 40 (16 req’d) 1E7603 24052
Size 70 (28 req’d) 1A5828 24052

Type 1098H
Size 30 (12 req’d) 1A9155 24052

11 Hex Nut, zn pl steel
Type 1098
Size 30 (12 req’d) 1A3465 24122
Size 40 (16 req’d) 1A3465 24122
Size 70 (28 req’d) 1A3465 24122

Type 1098H
Size 30 (12 req’d) 1A3403 24122

12 Stem
17-4PH stainless steel
1 inch 14A6757 X012
2 inch 14A5683 X012
3 inch 14A5663 X012
4 inch 14A5648 X012
6 inch 14A6987 X012
8 x 6 inch 18A4217 X012

316 stainless steel (NACE)
1 inch main valve body (NACE) 14A6757 X022
2 inch main valve body (NACE) 14A5683 X022
3 inch main valve body (NACE) 14A5663 X022
4 inch main valve body (NACE) 14A5648 X022
6 inch main valve body (NACE) 14A6987 X022
8 x 6 inch main valve body (NACE) 18A4217 X022

13 Nameplate, stainless steel (not shown)
Size 30 25A8373 X012
Size 40 24A5704 X012
Size 70 25A8374 X012

26 NACE Tag, 18-8 stainless steel (not shown) 19A6034 X012
27 Type Y602-12 Vent Assembly 27A5516 X012
27 Tag Wire, 303 stainless steel

(not shown) (NACE) 1U7581 X0022
28 Grease Fitting, steel 1L8478 28992
27
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Errata Sheet
for

Type 1098-EGR & 1098H-EGR Pilot-Operated Regulators,
Form 5084, May 1987
This errata sheet covers updated information on the Type 1098-EGR Pilot Operated Regulators. Each bullet
on this errata sheet refers to the Type 1098 and 1098H Actuator and Pilot Mounting Parts section on page 17
and figure 20 on page 28 of the Type 1098-EGR & 1098H-EGR Pilot-Operated Regulators instruction manual
Form 5084.

The Type 1098 bonnet has been redesigned to incorporate a wiper ring, bearings and larger casing O-ring. This
redesign effects all body sizes and actuator sizes (size 30, 40, 70 and 30H) for the Type 1098.

When doing maintenance on the Type 1098 original bonnet design and the bonnet redesign, the repair kits
R1098X00302, R1098X00402 and R1098X00702 will include all the necessary parts to repair both designs.
When repairing the original design, key numbers 56 (bearings) and 57 (wiper ring) will not be needed (refer to
figure 20).

D Replace the steps in the section “Type 1098 and 1098H Actuator and Pilot Mounting Parts” on page 17 with
the following steps.

2. Access to all internal parts except the stem O-rings, bearings and wiper (keys 6, 56, 57) may be gained without
removing the bonnet (key 3) or upper diaphragm case (key 2) from the main valve or the pilot(s) from the bonnet
pipe nipple (key 23, figure 15, or keys 37 and 39, figure 16). Disconnect the loading tubing (key 24, figure 15, 16,
or 17) from the actuator elbow fitting (key 25, figure 15, or key 41, figure 16), and with a Type 61LD pilot also dis-
connect the relief tubing (key 18, figure 19) from the fitting tee.

Second paragraph of step 4.

To remove the Type 1098 and Type 1098H stem O-rings (key 6), remove the pilot(s) and pipe nipple(s) if nec-
essary. Unscrew either the Type 1098 bonnet (key 3) or the Type 1098H upper diaphragm case (key 2), and re-
move the wiper ring, bearings and O-rings.

5. Lubricate both stem O-rings (key 6), and wiper ring (key 57) and install them with the stem bearings (key 56) in
either the Type 1098 bonnet (key 3) or in the Type 1098H upper diaphragm case (key 2).

D Add the diagram on the following page to figure 20 on page 28 of the instruction manual.
trols:
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Types 1098-EGR & 1098H-EGR
TYPE 1098 ORIGINAL DESIGN

A6968
Key Description Part Number

3 Bonnet, Steel 24A5681X012
5 Casing O-ring, Nitrile 1F914106992
6 Stem O-ring (2 req’d)

Nitrile 1C782206992
Fluoroelastomer 1K756106382
Figure 20. Type 1098 and 1
TYPE 1098 REDESIGN
Key Description Part Number

3 Bonnet, Steel 33B0301X012
5 Casing O-ring, Nitrile 1F358106992
6 Stem O-ring (2 req’d)

Nitrile 1C782206992
Fluoroelastomer 1K756106382

56 Bearing, Nylon (2 req’d) 17A7112X012
57 Wiper Ring 15A6002XN12
2

098H Actuator Assemblies
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Errata Sheet
for

Types 1 098-EGR & 1 098H-EGR Pilot-Operated Regulators
Form 5084, May 1987

The body plug on the Type 6351 pilot has been redesigned. The body plug gasket and body plug previously used
on the Type 6351 pilot have been replaced with a new body plug assembly. The body plug assembly includes the
body plug and the body plug O-ring. Replace or add the following information on the Types 1 098-EGR & 1098H-
EGR Instruction Manual, form 5084.

.Replace step 3 of the Type 6351 Pilot section on page 16 with the following:

3. To replace the valve plug (key 4), remove body plug (key 3 or 3A) to let the plug spring (key 6) and plug/stem
assembly (key 4) drop freely from the body (key 1). Inspect the removed parts, replace if neccessary. Make sure
the plug seating surfaces are free from debris. Inspect body plug O-ring (key 38), replace if necessary. Type 6351
pilots manufactured before May 1999 need to have the body plug gasket (key 23) and the body plug (key 3)
replaced with a new body plug assembly (key 3), which includes the body plug (key 3A) and the body plug O-ring
(key 38). Install the body plug O-ring (key 38) over the body plug (key 3A). Stack the plug spring (key 6) and the
plug/stem assembly on the body plug assembly (key 3), and install the body plug assembly with stacked parts
into the body (key 1 ).

.Replace the following Parts List information beginning on page 21 with the information below:

Part Number

Type 6351 Pilot (figure 13)

R6351XOOO12

3

18B6542XO22
18B6542XO42

1886542XO52
1886542XO62

Body Plug Assembly (includes body plug
and O-ring)
Aluminum body plug
with nitrile O-ring
with fluoroelastomer O-ring

Stainless steel body plug
with nitrile O-ring
with fluoroelastomer O-ring

.Delete the following Parts List information on page 22:

Key Description Part Number

23. Body Plug Gasket, composite 1 C495704022

Fisher, Fisher-Rosemount, and Managing The Process Better are marks owned by Fisher Controls International, Inc or Fisher-Rosemount Systems, Inc
All other marks are the property of their respective owners.
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Key Description

Parts Kit (includes keys 3, 4, 6, 7, and
P590 Series filter, key 2)



.Replace theType 63511nterior Assembly in figure 13 on page 22 with the figure below:

NEW TYPE 67 OR 67R ASSEMBLY DRAWING

SHOWING NEW BODY PLUG AND BODY PLUG GASKET

OLD TYPE 67 OR 67R ASSEMBLY DRAWING

SHOWING OLD BODY PLUG AND BODY PLUG GASKET

2
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Errata Sheet
for

Type 1098-EGR and 1098H-EGR Pilot-Operated Regulators
Form 5084, May 1987

This errata sheet covers the redesign of the Type 1098-EGR and 1098H-EGR travel indicator assemblies.  This
redesign has been incorporated into all body sizes, regardless of actuator size.  The Type 1098-EGR and 1098H-
EGR travel indicator assemblies now incorporate a redesigned O-ring retainer (key 6), TFE back-up rings (key 36),
and an additional indicator fitting (key 35).

When performing maintenance on the original Type 1098-EGR or 1098H-EGR body flange, travel indicator replace-
ment is recommended.  The redesigned travel indicator assembly is incorporated into all Quick-Change Trim kits
(e.g. 25A3170X012) and on the Travel Indicator Kits (see table by size).  The elastomer repair kits contain the
components for the redesigned travel indicator assembly.

See the drawings below for old versus new design.

TYPE 1098 ORIGINAL DESIGN (PRIOR TO SPRING 2002) TYPE 1098 REDESIGN (10C1212 KIT)

Type 1098-EGR and 1098H-EGR Travel Indicator Assemblies
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• Insert the following steps after “Replacing Quick-Change Trim Package” section on page 14.

Replacing Travel Indicator Assembly

1. Remove the travel indicator assembly by removing lower indicator fitting (key 5) from body flange (key 2).

2. Coat the threads of the lower indicator fitting (key 5) with a good grade of general-purpose grease.

3. Install travel indicator assembly (10C1212), torque to 40 inch-pounds.

4. Check indicator zeroing by unscrewing the indicator protector (key 19) and seeing if the flange of the indicator nut
(key 22) lines up evenly with the bottom marking on the indicator scale (key 18).  If not, remove the indicator scale
and separate the indicator nut and hex nut (key 8).  Hold the indicator scale against the indicator fitting (key 5) with
the scale base resting against the shoulder of the fitting, and turn the indicator nut until its flange is aligned with the
bottom scale marking.  Then lock both nuts against each other, and install the indicator scale and protector.

• Insert the following parts kit list after “Quick Change
Trim Assembly” on page 18

Key Description Part Number

Parts kit, QuickChange Travel Indicator Kit
(included are: indicator stem, key 10;O-ring
retainer, key 6; indicator fitting, key 35; lower
indicator fitting, key 5; mach hex nut, key 8;
nitrile O-ring, key 7; back-up scarf ring, key 36,
2 required; nitrile o-ring, key 21; indicator cover,
key 18; flange nut, key 22; E-ring, key 23; nitrile
O-ring, key 37; adjusting screw cap, key 19;
spring seat, key 28; spring, key 9)

Note:  Indicator zeroing of key 8, 12 and 18
may be needed.  See Step 4 above.

60 Psi (4,1 bar) spring color green
1-inch 10C1212X042
2-inch 10C1212X012
3-inch 10C1212X022
4-inch 10C1212X032
6-inch 10C1212X052

125 Psi (8.6 bar) spring color blue
1-inch 10C1212X092
2-inch 10C1212X062
3-inch 10C1212X072
4-inch 10C1212X082
6-inch 10C1212X102

400 Psi (28 bar) spring color red
1-inch 10C1212X142
2-inch 10C1212X112
3-inch 10C1212X122
4-inch 10C1212X132
6-inch 10C1212X152

• Insert “1098 Redesign” into figure 11, page 19.

Travel Indicator Assembly
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Figure 1. Type 99 Regulator With Type 61H (high pressure) Pilot

PILOT
INTEGRALLY
MOUNTED TO
ACTUATOR
CASING

STANDARD
DOWNSTREAM
CONTROL LINE
CONNECTION

OUTLET PIPE

INLET PIPE

W6528/IL
Figure 2. Type 99 Regulator With Type VSX Safety
Shut-off Module

W6553/IL
IntrIntroductionoduction

Scope of Manual

This manual describes and provides instructions and
parts lists for Type 99 and Type 99VSX regulators
complete with standard P590 Series integral filter.
However, complete instructions and parts listing for
the Type 1301F pilot supply regulator, and other Fish-
er equipment such as monitoring pilots will be found in
separate instruction manuals.
Description

The Type 99 gas regulators provide a broad capacity
for controlled pressure ranges and capacities in a wide
variety of distribution, industrial, and commercial ap-
plications.

A Type 99 regulator has a Type 61L (low pressure),
Type 61H (high pressure), or a Type 61HP (extra high
pressure) pilot integrally mounted to the actuator cas-
ing as shown in figure 1. The Type 99 regulator can
handle up to 1000 psig (69 bar) inlet pressures (the
1000 psig (69 bar) regulator requires a Type 1301F
pilot supply regulator and a Type H110 pop relief
valve). The pilot supply regulator reduces inlet pres-
sure to a usable 200 psig (14 bar) for the extra high
pressure pilot. This regulator comes standard with O-
ring seals on the guide bushing and valve carrier (key
26, figure 6) to keep main valve body outlet pressure
from interfering with outlet pressure in the lower casing
assembly (key 29, figure 9).

The Type VSX module on the Type 99 regulator is a
safety shut-off valve which provides overpressure or
overpressure and underpressure protection by com-
pletely shutting off the flow of gas to the downstream
system. The safety shut-off module’s actions are inde-
pendent of the Type 99 regulator and of variations to
the inlet pressure. The Type VSX has external regis-
tration requiring a downstream sensing line.
Instruction Manual
Form 589Type 99



Type 99
cifications
Specifications

WARNING

Since a pilot-operated regulator is
constructed of both a pilot and a main
valve, care should be used not to ex-
ceed the maximum inlet pressure shown
on the nameplate of either unit.
2

When inlet pressure exceeds the pilot
limitation, a pilot supply reducing regu-
lator and/or relief valve will be required.

Table 1 lists specifications for various Type 99
constructions. Some specifications for a given regula-
tor as it originally comes from the factory are stamped
on nameplates located on the pilot and actuator spring
cases. A tag (key 159, parts list) additionally may be
installed on the pilot to indicate a regulator with O-ring
stem seal. These regulators and their installations
should be checked for compliance with applicable
codes.
Table 1. Spe

Body Size

J 2-inch

End Connection Styles

J 2-inch NPT screwed, or
J ANSI Class 125, 150, 250, or 300 flanged
J Swedged or Buttweld

Maximum Allowable Inlet Pressure(1)

150 psig (10 bar): Type 99VSX inlet pressure,
limited by Type VSX pressure rating

400 psig (28 bar): When using Types 61L and
61H pilots

600 psig (41 bar): Type 61HP pilot (5/8-inch
orifice maximum)

1000 psig (69 bar): Type 61HP pilot, along
with Type 1301F pilot supply regulator and Type
H110 relief valve (1/2-inch orifice only)

Maximum Pilot Spring Case Pressure For
Pressure Loading(1,2)

Types 61L, 61LD(3) And 61LE(4): 50 psi
(3.5 bar) with special steel closing cap

Types 61H And 61HP: 100 psi (7 bar)

Outlet (Control) Pressure Ranges

See Table 2

Maximum Outlet Pressure for Type 99VSX

5 psig (300 mbar)
1. The pressure/temperature limits in this bulletin and any applicable stan-
dard or code limitation should not be exceeded.
2 . For stability or overpressure protection, a pilot supply regulator may be
installed in the pilot supply tubing between the main valve and pilot.
Minimum and Maximum Trip Pressure Ranges for
Type 99VSX

See Table 6

Approximate Proportional Bands
See Table 3

Maximum Allowable Pressure Drop(1)

See Table 4

Minimum Differential Pressure Required For Full
Stroke

See Table 4

Maximum Actuator Pressures(1)

Operating: 100 psig (6.9 bar)
Emergency: 110 psig (7.6 bar)

Flow Coefficients And Orifice Diameters

See Table 5

Maximum Rated Travel
1/4-inch (6.4 mm)

Material Temperature Capabilities(1)

Type 99 Standard Elastomers: -20_ to 180_F
(-29_ to 82_C)
Type 99 High Temperature Elastomers: 0_ to
300_F (-18_ to 149_C)
Type 99VSX: -20_ to 140_F (-29_ to 60_C)

3. Type 61LD construction has narrower proportional band than does the
standard Type 61L pilot.
4. Type 61LE construction has broader proportional band than does the
standard Type 61L pilot.
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Table 2. Outlet Pr

PILOT
MAXIMUM

PILOT OUTLET (CONTROL)PILOT
TYPE

PILOT
SUPPLY

PRESSURE

OUTLET (CONTROL)
PRESSURE RANGES

61L 400 Psig (28 bar) 2 to 4 inches w.c. (5 to 10 mbar)
3 to 12 inches w.c. (7 to 30 mbar)
0.25 to 2 psig (17 to 138 mbar)

61LD(1) 160 Psig (11 bar)

3 to 12 inches w.c. (7 to 30 mbar)
0.25 to 2 psig (17 to 138 mbar)
1 to 5 psig (0.069 to 0.34 bar)

2 to 10 psig (0.14 to 0.69 bar)
61LE(2) 400 Psig (28 bar)

2 to 10 psig (0.14 to 0.69 bar)
5 to 15 psig (0.34 to 1.0 bar)
10 to 20 psig (0.69 to 1.4 bar)

61H 400 Psig (28 bar) 10 to 65 psig (0.69 to 4.5 bar)

61HP 600 Psig (41 bar) 35 to 100 psig (2.4 to 6.9 bar)

1. Type 61LD construction has narrower proportional band than does the standar
2. Type 61LE construction has broader proportional band than does the standard
essure Ranges

PILOT CONTROL SPRING

Part
Number

Color Code Wire Diameter
Inches (cm)

Free Length
Inches (cm)

1B558527052
1C680627222
1B886327022

Orange
Cadmium
Red

.075 (0.19)

.080 (0.20)

.109 (0.28)

4-1/8 (10.5)
3-1/4 (8.3)
2-3/4 (7.0)

1C680627222
1B886327022
1J857827022

1B886427022

Cadmium
Red
Yellow

Blue

.080 (0.20)

.109 (0.28)

.142 (0.36)

.172 (0.44)

3-1/4 (8.3)
2-3/4 (7.0)
2-3/4 (7.0)

2-7/8 (7.3)1B886427022
1J857927142
1B886527022

Blue
Brown
Green

.172 (0.44)

.187 (0.47)

.207 (0.53)

2-7/8 (7.3)

3-1/8 (7.9)

0Y0664000A2 Green Stripe .363 (0.92) 6 (15.2)

1D387227022 Blue .200 (0.51) 1-11/16 (4.3)

d Type 61L pilot.
Type 61L pilot
Table 3. Approximate Prop

PILOT
PILOT CONTROL SPRING

PILOT
TYPE NUMBER Part Number Color Code Wire Diameter

Inch (cm)

61LD
1B558527052 Orange .075 (0.19)

61LD
1C680627222 Cadmium .080 (0.20)

61L 1B886327022 Red .109 (0.28)

61LD 1B886327022 Red .109 (0.28)

61LE 1B886327022 Red .109 (0.28)

61L,
1B886527022 Green .207 (0.53)

61L,
61LD, &

1J857927142 Brown .187 (0.47)61L,
61LD, &

61LE 1B886427022 Blue .172 (0.44)61LE
1J857827022 Yellow .142 (0.36)

61H 0Y0664000A2 Green Stripe .363 (0.92)

61HP 1D387227022 Blue .200 (0.51)
ortional Bands

APPROXIMATE PROPORTIONAL BANDSFree Length
Inch (cm)

APPROXIMATE PROPORTIONAL BANDS

4-1/8 (10.5)
0.1 to 0.5 inches w.c. (0.25 to 1.2 mbar)

3-1/4 (8.3)
0.1 to 0.5 inches w.c. (0.25 to 1.2 mbar)

2-3/4 (7.0) 1 to 2 inches w.c. (2.5 to 5 mbar)

2-3/4 (7.0) 0.25 to 1 inches w.c. (0.62 to 2.5 mbar)

2-3/4 (7.0) 5 to 8 inches w.c. (12 to 20 mbar)

3-1/8 (7.9)

0.1 to 0.3 psi (6.9 to 21 mbar)
2-7/8 (7.3)

0.1 to 0.3 psi (6.9 to 21 mbar)

2-3/4 (7.3)

6 (15.2) 0.1 to 0.3 psi (6.9 to 21 mbar)

1-11/16 (4.3) 1 to 2 psi (69 to 138 mbar)
Table 4. Maximum Allowable Drop and Minim

MAXIMUM
ALLOWABLE

MAIN VALVE SPRING MINIMUM
DIFFERENTIAL

ALLOWABLE
DROP Wire Free

DIFFERENTIAL
PRESSURE FOR
FULL STROKEDROP

PSIG (BAR) Part Number
Wire

Diameter
Inch (cm)

Free
Length

Inch (cm)

PRESSURE FOR
FULL STROKE

PSI (BAR)

25 (1.7) 1C277127022 .148 (0.38) 6 (15.2) 0.75 (0.052)

50 (3.4) 1N801927022 .156 (0.40) 7-1/8 (18.1) 1.5 (0.10)

150 (10) 1B883327022 .187 (0.47) 6-5/8 (17.0) 3 (0.21)

175 (12) 1B883327022 .187 (0.47) 6-5/8 (17.0) 3 (0.21)

250 (17)
1B883327022 .187 (0.47) 6-5/8 (17.0) 3 (.021)

250 (17)
0W019127022 .281 (0.71) 6 (15.2) 10 (.069)

300 (21) 0W019127022 .281 (0.71) 6 (15.2) 10 (.069)

400 (28) 0W019127022 .281 (0.71) 6 (15.2) 10 (.069)

600 (41) 0W019127022 .281 (0.71) 6 (15.2) 10 (.069)

1000 (69) 0W019127022 .281 (0.71) 6 (15.2) 10 (.069)

1. Can use all orifices up to maximum size listed.
2. 1/2 inch (12.7 mm) is the only orifice size available for 1000 psig (69 bar) maximum inle
3. Class 125 flanged body only.
4.O-ring seat only
um Differential Pressures

MAXIMUM ORIFICE
SIZE(1)

SEAT MATERIAL
SIZE(1)

SEAT MATERIAL

Inch mm

Nitrile, Neoprene, Fluoroelastomer 1-1/8 28.6

Nitrile, Neoprene, Fluoroelastomer 1-1/8 28.6

Nitrile, Neoprene, Fluoroelastomer 1-1/8 28.6

Nitrile, Neoprene, Fluoroelastomer(3) 7/8 22.2

Nitrile, Fluoroelastomer 7/8 22.2

Nitrile, Fluoroelastomer,(4) 1-1/8 28.6

Nylon 1-1/8 28.6

Nylon 7/8 22.2

Nylon 5/8 15.9

Nylon 1/2(2) 12.7

t pressure regulator.
3
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Table 5. Flow Coefficients and Orifice Diameter

TRIM CONSTRUCTION
ORIFICE DIAMETER

TRIM CONSTRUCTION
Inch mm

Restricted Capacity Trim,
Straight Bore —

Composition Or Nylon Disk Seat Only

3/8
1/2(1)

9/16
5/8
3/4

9.5
12.7
14.3
15.9
19.1

Restricted Capacity Trim,
Stepped Bore —

Composition Or Nylon Disk Seat Only

7/8 X 3/8
7/8 X 1/2
7/8 X 5/8

22.2 X 9.5
22.2 X 12.7
22.2 X 15.9

Full Capacity Trim —
Composition Or Nylon Disk

Or O-Ring Seat

7/8
1

1-1/8

22.2
25.4
28.6

1. 1/2 inch (12.7 mm) is the only orifice size available for 1000 psig (69 bar) maximum inlet regulator.
4

s
FOR RELIEF SIZING

WIDE OPEN
REGULATING

CWIDE OPEN
Cg

REGULATING
Cg

115
200
235
300
425

90
155
188
216
330

115
200
300

110
190
280

550
680
850

408
550
680
InstallationInstallation

WARNING

D Personal injury, equipment dam-
age, or leakage due to escaping gas or
bursting of pressure-containing parts
might result if this regulator is overpres-
sured or is installed where service
conditions could exceed the limits for
which the regulator was designed, or
where conditions exceed any ratings of
the adjacent piping or piping connec-
tions. To avoid such injury or damage,
provide pressure-relieving or pressure-
limiting devices (as required by the ap-
propriate code, regulation, or standard)
to prevent service conditions from ex-
ceeding those limits.

D A regulator may vent some gas to
the atmosphere in hazardous or flam-
mable gas service, vented gas might ac-
cumulate and cause personal injury,
death or property damage due to fire or
explosion. Vent a regulator in hazardous
gas service to a remote, safe location
away from air intakes or any hazardous
location. The vent line or stack opening
must be protected against condensation
or clogging.

Like most regulators, the Type 99 regulator has a out-
let pressure rating lower than its inlet pressure rating.
Complete downstream overpressure protection is
needed if the actual inlet pressure can exceed the reg-
ulator outlet pressure rating or the pressure ratings of
any downstream equipment. Although the Type H110
relief valve provides sufficient relief capacity to protect
the extra high pressure pilot of the 1000 psig (69 bar)
maximum inlet regulator in case the Type 1301F sup-
ply regulator fails open, this protection is insufficient if
the main valve body fails open. Regulator operation
within ratings does not preclude the possibility of dam-
age from external sources or from debris in the lines.
A regulator should be inspected for damage periodical-
ly and after any overpressure condition.

WARNING

The 1000 psig (69 bar) maximum inlet
regulator must not be used on hazard-
ous gas service unless the Type H110
relief valve can be vented into a safe
area. If vented gas can accumulate and
become a hazard in enclosed conditions
such as in a pit, underground, or in-
doors, the relief valve must be repiped
to carry the gas to a safe location.

A repiped vent line or stack must be
located to avoid venting gas near
buildings, air intakes, or any hazardous
location. The line or stack opening must
be protected against condensation,
freezing, and clogging.

Clean out all pipelines before installation and check to
be sure the regulator has not been damaged or col-
lected foreign material during shipping.

Apply pipe compound to the male pipe threads only
with a screwed body, or use suitable line gaskets and
good bolting practices with a flanged body. This regu-
lator may be installed in any position desired as long
as the flow through the body is in the direction indi-
cated by the arrow on the body. Install a three-valve
bypass around the regulator if continuous operation is
necessary during maintenance or inspection.

Although the standard orientation of the actuator and
pilot to the main valve body is as shown in figure 1,
this orientation may be changed as far as the inlet tub-
ing (key 24, figure 9, or 11) will permit by loosening the
union nut (key 14, figure 9), rotating the actuator lower
casing (key 29, figure 9) as desired, and tightening the
union nut. To keep the pilot spring case from being
plugged or the spring case from collecting moisture,
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corrosive chemicals, or other foreign material, the vent
must be pointed down, oriented to the lowest possible
point on the spring case, or otherwise protected. Vent
orientation may be changed by rotating the spring
case with respect to the pilot body, or on the extra high
pressure pilot with optional tapped spring case by ro-
tating the vent with respect to the spring case.

To remotely vent a low pressure pilot, install the vent
line in place of the pressed-in vent assembly (key 60,
figure 9). Install obstruction-free tubing or piping into
the 1/4-inch vent tapping. Provide protection on a re-
mote vent by installing a screened vent cap into the
remote end of the vent pipe.

To remotely vent a high pressure pilot, or an extra high
pressure pilot with optional tapped spring case, re-
move the screwed-in vent assembly (key 72, figure 9)
from the high pressure pilot spring case or the
pressed-in vent assembly from the extra high pressure
pilot spring case and install obstruction-free tubing or
piping into the 1/4-inch vent tapping. Provide protec-
tion on a remote vent by installing a screened vent cap
into the remote end of the vent pipe.
An upstream pilot supply line is not required because
of the integral pilot supply tubing (key 24, figure 9, or
11). However, as long as the 1/4-inch NPT tapping in
the main valve body is plugged, this tubing may be
disconnected from both the main valve and filter as-
sembly (key 75, figure 9) in order to install a pilot sup-
ply line from a desired remote location into the filter.

If the maximum pilot inlet pressure will be exceeded by
main valve pressure, install a separate reducing regu-
lator (if not already provided) in the pilot supply line.

A Type 99 regulator has two 1/2-inch 14 NPT control
line pressure taps on opposite sides of the lower cas-
ing (key 29, figure 9). The regulator normally comes
from the factory with the tap closest to the regulator
outlet left unplugged for the downstream control line
as shown in figure 1, and with opposite tap plugged.

Attach the control line from the unplugged tap two to
three feet (0.6 to 0.9 meter) downstream of the regula-
tor in a straight run of pipe. If impossible to comply
with this recommendation due to the pipe arrange-
ment, it may be better to make the control line tap
nearer the regulator outlet rather than downstream of
a block valve. Do not make the tap near any elbow,
swage, or nipple which might cause turbulence.

In many instances, it will be necessary to enlarge the
downstream piping to keep flow velocities within good
engineering practices. Expand the piping as close to
the regulator outlet as possible.
WARNING

Adjustment of the pilot control spring to
produce an outlet pressure higher than
the upper limit of the outlet pressure
range for that particular spring can
cause personal injury or equipment
damage due to bursting of pressure-
containing parts or the dangerous accu-
mulation of gases if the maximum actua-
tor emergency casing pressure in
table 1 is exceeded. If the desired outlet
pressure is not within the range of the
pilot control spring, install a spring of
the proper range according to the Main-
tenance section.

Each regulator is factory-set for the pressure setting
specified on the order. If no setting was specified, out-
let pressure was factory-set at the midrange of the
pilot control spring. In all cases, check the control
spring setting to make sure it is correct for the applica-
tion.
StarStartuptup
Key numbers are referenced in figure 9 for a low or
high pressure pilot and in figure 12 for an extra high
pressure pilot.

With proper installation completed and downstream
equipment properly adjusted, perform the following
procedure while using pressure gauges to monitor
pressure.

1. Very slowly open the upstream block valve.

2. Slowly open the hand valve (if used) in the control
line. The unit will control downstream pressure at the
pilot control spring setting. See the adjustment para-
graph following these numbered steps if changes in
the setting are necessary during the startup proce-
dure.

3. Slowly open the downstream block valve.

4. Slowly close the bypass valve, if any.

5. Check all connections for leaks.

The only adjustment on the regulator is the reduced
pressure setting affected by the pilot control spring
(key 43, figure 9 or 11). Remove the closing cap as-
sembly (key 46, figure 9) and turn the adjusting screw
(key 45, figure 9 or 11). Turning the adjusting screw
clockwise into the spring case increases the controlled
or reduced pressure setting. Turning the screw coun-
terclockwise decreases the reduced pressure setting.
Always replace the closing cap, if used, after making
the adjustment.
5
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ShutdownShutdown
Isolate the regulator from the system. Vent the down-
stream pressure first; then vent inlet pressure to re-
lease any remaining pressure in the regulator.
PrinciplePrinciple ofof OperationOperation

Type 99
The regulator (figure 3) is pilot-loaded and the up-
stream or inlet pressure is utilized as the operating
medium, which is reduced through pilot operation to
load the main diaphragm chamber. Tubing connects
the inlet pressure to the pilot through a filter assembly.

Downstream pressure registers underneath main dia-
phragm (E) through the downstream control line (not
shown).

In operation, assume the downstream pressure is less
than the setting of the pilot valve spring (A). The top
side of pilot diaphragm assembly (F) will have a lower
pressure than the setting of spring (A). Spring (A)
forces the diaphragm head assembly upward, opening
relay orifice (C). Additional loading pressure is sup-
plied to the pilot body and to the top side of main dia-
phragm.

This creates a higher pressure on the top side of main
diaphragm (E) than on the bottom side, forcing the
6

diaphragm downward. This motion is transmitted
through a lever, which pulls the valve disk open, allow-
ing more gas to flow through the valve.

When the gas demand in the downstream system has
been satisfied, the downstream pressure increases.
The increased pressure is transmitted through the
downstream control line and acts on top of the pilot
diaphragm head assembly (F). This pressure exceeds
the pilot spring setting and forces the head assembly
down, closing relay orifice (C). The loading pressure
acting on the main diaphragm (E) bleeds through a
small slot provided in the pilot bleed valve seat to the
downstream system. When rapid main valve closure is
required by unusual control conditions, bleed valve (D)
opens for increased bleed rate.

With a decrease in loading pressure on top of main
diaphragm (E), main spring (B) exerts an upward force
on the diaphragm rod connected to main diaphragm
(E), pulling it upward. This moves the main valve to-
ward its seat, decreasing flow to the downstream sys-
tem.

Diaphragm (G) in the pilot valve acts as a sealing
member for the loading chamber and as a balanced
member to diaphragm (F). These two diaphragms are
connected by a yoke so that any pressure change in
the pilot chamber has little effect on the positioning of
the pilot valve. Therefore the active diaphragm in the
pilot is (F) and the pressure on the top side of this dia-
phragm opposes the force of pilot adjusting spring (A).
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Figure 3. Operational Schematic of Type 99 Regulator With a Type 61L (low pressure) Pilot
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Figure 4. Operational Schematic of Type 99VSX
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Type 99VSX

The safety shut-off disk of the 99VSX module (figure
4) is held in the open position (reset position) by a
small ball holding the disk stem. In the open (or reset)
position the travel indicator is visible through the clear
reset button. If the pressure below the diaphragm in-
creases (or decreases) reaching the Type VSX set-
point, the diaphragm will travel upwards (or down-
wards) operating a lever which in turn releases the
ball.

Once the ball is released, the spring force on the stem
will push the stem and disk to the closed position
against the seat shutting off all gas flow. The pilot sup-
ply pressure is also shut off when the Type VSX is
closed. In the closed position, the travel indicator is no
longer visible through the reset button. The manual
reset has an internal bypass to equalize the reset
pressure on either side on the shut-off disk.
7
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Table 6. Type VSX Trip Pressure Ranges

TYPE VSX WITH HIGH PRESSURE TRIP O

Minimum To Maximum Trip Pressure
Inches of W.C. or Psig (mbar)

Minimum To Maximum Trip Pressure
Inches of W.C. or Psig (mbar)

8 to 13 in. w.c. (19 to 33 mbar)

9 to 20 in. w.c. (22 to 49 mbar)

High Pressure 12 in. w.c. to 1.5 psig (29 to102 mbar)High Pressure
Set Point Ranges 20 in. w.c. to 2.5 psig (50 to172 mbar)Set Point Ranges

26 in. w.c. to 3.3 psig (64 to 230 mbar)

1.5 to 5.7 psig (104 to 390 mbar)

TYPE VSX WITH HIGH AND LOW PRESSUR

Minimum To Maximum Trip Pressure
Inches of W.C. or Psig (mbar)

Minimum To Maximum Trip Pressure
Inches of W.C. or Psig (mbar)

14 to 20 in. w.c. (34 to 50 mbar)

20 in. w.c. to 1.3 psig (50 to 90 mbar)

High Pressure 1.3 to 2.4 psig (90 to 165 mbar)High Pressure
Set Point Ranges 2.2 to 3.3 psig (150 to 225 mbar)Set Point Ranges

3.3 to 5.4 psig (225 to 370 mbar)

4.4 to 8.0 psig (300 to 550 mbar)

2 to 9 in. w.c. (6 to 23 mbar)

Low Pressure 4 to 24 in. w.c. (10 to 60 mbar)Low Pressure
Set Point Ranges 19 in. w.c. to 2.3 psig (48 to 160 mbar)Set Point Ranges

24 in. w.c. to 4.6 psig (60 to 320 mbar)
8
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Part Number

Spring
Part Number
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MaintenanceMaintenance

Regulator parts are subject to normal wear and must
be inspected and replaced as necessary. The frequen-
cy of inspection and replacement of parts depends on
the severity of service conditions or the requirements
of local, state, and federal rules and regulations.

WARNING

Avoid personal injury or damage to
property from sudden release of pres-
sure or uncontrolled gas or other pro-
cess fluid. Before starting to disas-
semble, isolate the pilot or regulator
from all pressure and cautiously release
trapped pressure from the pilot or regu-
lator. Use gauges to monitor inlet, load-
ing, and outlet pressures while releas-
ing these pressures.

On reassembly of the regulator, it is recommended
that a pipe thread sealant be applied to pressure con-
nections and fittings as indicated by PTS in figures 6
and 9, that Molykote(1) No. M88, Molylube(2) No. 80,
or equivalent lubricants be applied to sliding and bear-
ing surfaces as indicated by M.K. or M.L. in figures 6
and 9, and that an anti-seize compound be applied to
adjusting screw threads and other areas indicated by
A.S. in figures 9 and 11.
Actuator and Standard P590 Series Filter
This procedure is to be performed if changing the main
spring and spring seat for those of a different range, or
if inspecting, cleaning, or replacing any other parts.
Unless otherwise indicated, part key numbers for a
Type 99 regulator with low or high pressure pilot and
disk or O-ring seat are referenced in figure 9, part key
numbers unique to the 1000 psig (69 bar) maximum
inlet regulator are referenced in figure 11, and part key
numbers for a Type 61HP (extra high pressure) pilot is
referenced in figure 12.

1. Access to all internal actuator parts can be gained
without removing the main valve body from the line.
Disconnect the loading tubing from the upper casing.

CAUTION

If the regulator has an indicator assem-
bly, perform the following step carefully
to avoid bending the travel indicator
stem (key 103, figure 5).

Note

The O-rings and gaskets (keys 111 and
108, figure 5) in the indicator assembly
are static seals and need not be dis-
turbed, unless they are leaking.

2. Remove the four cap screws (key 58, figure 9) and
lift off the spring case (key 1, figure 9). Remove the
travel indicator stem, if any, by unscrewing the indica-
tor stem adapter (key 101, figure 5).
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3. Remove the main spring seat (key 2, figure 9) and
main spring (key 3, figure 9).

4. Remove the twelve cap screws (key 12, figure 9)
and hex nuts (key 13, figure 9), and lift off the upper
casing.

5. Remove the diaphragm (key 11, figure 9) and dia-
phragm plate (key 10, figure 9) by tipping it so that the
lever (key 9, figure 9) slips out of the pusher post (key
8, figure 9).

6. Separate the diaphragm and diaphragm plate by
unscrewing the diaphragm rod (key 4, figure 9) from
the pusher post. Inspect the diaphragm (key 11, figure
9) and pusher post gasket (key 7, figure 9). Either part
must be replaced if it is damaged or no longer pliable.

7. If the unit has a stem seal O-ring (key 64, figure 6
or 11), this O-ring may be replaced by removing the
retaining ring or cotter pin (key 28, figure 9) and dis-
connecting the lever from the valve carrier (key 26,
figure 9 or 11), unscrewing the union nut (key 14, fig-
ure 9 or 11), disconnecting the pilot supply tubing (key
24, figure 9 or 11), and sliding the lower casing (key
29, figure 9) away from the valve body (key 17, figure
9), with a disk or O-ring seat, the valve carrier must be
pulled out of the lower casing to gain access to the
O-ring. Another O-ring, held captive by the pressed-in
bushing, is part of the lower casing assembly on a
stem seal unit and normally does not require replace-
ment.
8. If clogging is suspected in the upstream regulator
passages, disconnect the pilot supply tubing (key 24,
figure 9 or 11), remove the filter assembly (key 75,
figure 9), and blow through it to check for filter clog-
ging. If necessary, to clean or replace filter parts in a
standard P590 Series filter assembly, remove the fol-
lowing as shown in figure 7: filter body (key 1), ma-
chine screw (key 4), spring washer (key 6), gasket
(key 7), washer (key 5), and filter element (key 2).
Upon reassembly, one of the flat washers must go be-
tween the filter element and filter head (key 3) and the
other must go between the filter element and gasket.

9. If the lower casing was removed, install a new body
gasket (key 16, figure 9) and, with a disk or O-ring
seat, slide the valve carrier into the casing. Then slide
the entire assembly into the valve body (disk or O-ring
seat) and secure with the union nut. Secure the lever
to the valve carrier with the retaining ring or cotter pin.

10. Loosely reassemble the diaphragm and dia-
phragm plate so that the bolt holes and loading con-
nection hole in the diaphragm can be properly aligned
with the corresponding holes in the casing when the
lever is fitted properly into the pusher post. When this
orientation is made, install the collar (key 6, figure 9)
and tighten the diaphragm rod into the pusher post
(key 8, figure 9).
11. In order for the regulator to operate properly, the
assembled collar, diaphragm, diaphragm plate, pusher
post, and diaphragm rod must be mounted on the ball
of the lever so that the pusher post (key 8, figure 9)
orientation is as shown in figure 9.

12. Install the upper casing and secure it to the lower
casing with the twelve cap screws and hex nuts. Put
lower casing back on body and install union nut.

CAUTION

To avoid part damage due to overcom-
pressing the main spring seat, always
use main spring seat 1E242724092 with
main spring OW019127022.

13. Install the main spring and main spring seat, turn-
ing the main spring seat until its bottom shoulder is
even with the bottom thread of the diaphragm rod.

14. Install a new spring case gasket (key 57, figure 9),
the spring case, and the four cap screws, making sure
the indicator stem, O-ring, and gaskets (keys 103, 111,
and 108, figure 5) are installed if used.

15. Connect the loading tubing, then refer to the Start-
up section for putting the regulator into operation.
Types 61L, 61LD, 61LE (low) or 61H (high
pressure) Pilots
This procedure is to be performed if changing the con-
trol spring for one of a different range, or if inspecting,
cleaning or replacing any other pilot parts. Key num-
bers are referenced in figure 9.

1. Remove the closing cap (key 46) if used and un-
screw the adjusting screw (key 45) to relieve control
spring compression.

2. Disconnect the loading tubing (key 53) and pilot
supply tubing (key 24).

3. Unscrew the eight cap screws (key 47) and remove
the pilot assembly from the lower casing (key 29).

4. Use the projecting prong in the relay valve body
(key 39) as the restraining member and remove the
diaphragm nuts (key 13 and 51). Separate the parts
and inspect the diaphragms (key 30 and 40) and O-
ring seal (key 33). Replace if worn or damaged.

5. Unscrew the bleed orifice (key 52) from the yoke
(key 37). Also removed with the bleed orifice are the
relay disk assembly (key 48) and bleed valve (key 50).
These parts can be unscrewed for inspection and re-
placement, if necessary.

6. When reassembling the pilot, the relay disk holder
assembly and both diaphragms should be tightened on
the yoke after it is placed in the body.
9
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Note

Before putting the relay spring case
over the diaphragm, make certain the
yoke is square with respect to the prong
in the relay body. (The yoke can bind on
the prong if it is not square.)

7. Use care in reassembly to be sure the edges of the
diaphragms slip properly into the recess on the lower
casing and relay valve body. With the pilot in place,
check to see if it can be rocked. If it does not rock, it is
in place and the diaphragm is free of wrinkles. With
both diaphragms firmly in place, the eight cap screws
can be installed. Draw them up evenly using a criss-
cross pattern to avoid placing a strain on the unit,
tightening to a final bolt torque of about 12.5 foot-
pounds (17 N⋅m) to avoid crushing the diaphragm. Set
the pilot control spring (key 43) according to the ad-
justment information in the Startup section.

8. Reinstall the closing cap (key 46, if used). If you
have a plastic closing cap, be sure that you have a
vent (key 60) inplace of the pipe plug installed in the
low pressure pilot spring case.
Type 61HP (extra high pressure) Pilot
This procedure is to be performed if changing the con-
trol spring for one of a different range, or if inspecting,
cleaning, or replacing any other pilot parts. Key num-
bers are referenced in figure 12.

1. Unscrew the adjusting screw (key 45) to relieve
control spring compression.

2. Disconnect the loading tubing and pilot supply
tubing.

3. Remove the six cap screws (key 123) which fasten
the spring case (key 44) spring seat (key 68) and con-
trol spring (key 43) to the pilot body.

4. Unscrew the diaphragm nut (key 128) and remove
a diaphragm plate (key 41), diaphragm (key 40), and
another diaphragm plate.

5. Unscrew the eight cap screws and remove the pilot
body (key 39) and gasket. Remove six cap screws,
seal washers and the flange adapter.

6. Unscrew the relief valve body (key 119) and re-
move a diaphragm plate, diaphragm, and another dia-
phragm plate. Inspect the diaphragm inserts (key 150)
and both diaphragms. Replace if worn or damaged.

7. The relief valve assembly can be further disas-
sembled for inspection by unscrewing the relief valve
cap (key 118).

8. Four machine screws (key 130) hold both yoke
caps (key 37 and 116) to the yoke legs (key 31). Sep-
arate these parts to expose the pilot valve.
10
9. Unscrew the inlet orifice (key 38) to inspect its
seat, the inlet valve plug (key 117), and valve spring
(key 124).

Note

Make certain that the yoke assembly is
square with respect to the cross mem-
ber of the body casting so that it will not
bind on the body.

10. When reassembling, screw in the inlet orifice all
the way and secure the yoke caps to the yoke legs.
Replace two diaphragm plates, the diaphragms, and
inserts, two more diaphragm plates, the hex nut, and
the relief valve assembly.

11. Assemble the control spring and spring seat into
the body and spring case, being careful that the dia-
phragms are free of wrinkles and properly in place,
and evenly installing the six cap screws in a crisscross
pattern to avoid placing a strain on the unit. Install the
body flange adapter with six seal washers and cap
screws. Install a new gasket and secure the pilot to
the lower casing with eight cap screws. Set the control
spring according to the adjustment information in the
Startup section.
Converting the Pilot

Note

A complete pilot assembly rather than
individual parts may be ordered for the
following conversion procedure. When
a low pressure pilot is ordered for field
conversion of a high pressure pilot or
vice versa, the replacement pilot assem-
bly comes complete with a pilot cover
(key 132, figure 9). Remove this cover
before installing replacement pilot on
the existing regulator. The cover can
then be installed on the removed pilot to
form a complete Type 61 (low or high
pressure) pilot for use elsewhere.

When changing one pilot construction (low pressure,
high pressure, or extra high pressure) for another, all
parts attached to the lower casing (key 29, figure 9)
may need to be replaced with those appropriate for the
desired construction. At the very least, when changing
from a low to high pressure pilot or vice versa, every-
thing below the lower pilot diaphragm (key 40, figure
9) except the cap screws and the hex nut (key 47 and
13, figure 9) will need to be replaced. Actuator and
main valve parts may remain unchanged unless a
change in service conditions requires a change in seat
construction, main spring, or main spring seat. See the
Parts List sections for obtaining the appropriate con-
version parts.
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Main Valve Trim with Disk or
O-Ring Seat
This procedure is to be performed if inspecting, clean-
ing, or replacing trim parts. Part key numbers for a
Type 99 regulator with disk or O-ring seat are refer-
enced in figure 9, and part key numbers for the disk
seat unique to the 1000 psig (69 bar) maximum inlet
regulator are referenced in figure 11.

Note

All trim maintenance may be performed
with the valve body (key 17, figure 9 or
11) in the line and with the elbow (key
23, figure 9 or 11), pilot supply tubing
(key 24, figure 9 or 11), and pilot supply
regulator (key 155, figure 11, if used) at-
tached to the valve body unless the
valve body itself will be replaced.

1. Disconnect the pilot supply tubing and downstream
control line.

2. Loosen the union nut (key 14, figure 9) and remove
the lower casing (key 29, figure 9) with the cap screw
(key 22, figure 9) or disk and holder assembly (key 18,
figure 11) on disassembly or reassembly. A thin-walled
socket may be used to remove the orifice.

3. On a Type 99 regulator, access to the disk or O-
ring (key 19, figure 9) can be gained by removing the
cap screw and retainer (key 21, figure 9), while on the
1000 psig (69 bar) maximum inlet regulator the entire
disk and holder assembly is removed as a unit. If nec-
essary, the holder (key 18, figure 9 or 11) or adapter
(key 157, figure 11) can be removed by taking out the
cotter pin (key 25, figure 9 or 11).

4. Install a new body gasket (key 16, figure 9) and a
new disk, O-ring, or disk and holder assembly as nec-
essary. Then slide the entire assembly into the valve
body and secure with the union nut.

5. Connect the pilot supply tubing and downstream
control line, then refer to the Startup section for putting
the regulator into operation.
TTypeype VSXVSX Installation,Installation,
MaintenanceMaintenance andand ResetReset

Installation
Place new o-rings (keys 2 and 3, figure 8) on the VSX
module and slide the module into the Type 99 body
(key 17, figure 8). Secure to Type 99 body with four
set screws. The VSX module may be oriented in any
direction with respect to the sensor line connection.
Maintenance
The VSX module (key 1, figure 8) is designed to be
removed as a unit from the Type 99 body (key 17, fig-
ure 8) and be replaced as a complete unit. The high
and low pressure springs may be adjusted or replaced
without removing the module from the Type 99 body.

The only replaceable parts in the VSX module are the
o-rings (keys 2 and 3, figure 8) and the high and low
pressure set point springs (keys 7 and 8, figure 8).
Reset
1. Push in reset button and rotate it slightly to open
equalizing bypass.

2. Turn the button 180_ and pull out on button until it
stops. The VSX plug is reset.

3. Push in on the button while turning it 180_ until it
rests behind the tab. Release the button so it is in con-
tact with the tab.

4. The VSX is now reset

5. The high and low pressure VSX can only be reset if
the Type 99 outlet pressure is between maximum and
minimum VSX set points.
ParPartsts OrOrderingdering
A serial number is assigned to each regulator, and this
number is stamped on both the actuator and pilot
nameplates. If the pilot is replaced, the new pilot will
have its own serial number different from the main reg-
ulator serial number. Always indicate one or both serial
numbers when communicating with your Fisher repre-
sentative regarding replacement spare parts or techni-
cal information.

When ordering a replacement part, be sure to include
the complete eleven-character part number from the
following parts list
ParPartsts ListList
Key Description Part Number

Repair kits include parts for regulator
with composition trim only, key numbers
7, 11, 16, 19, 20, and 57.
Also included are parts for pilot, key numbers
30, 33, 38, 40, 48, 49, 50, 52, 71, 117, 126,
129, 150, 153 and P590 Series filter, key
numbers 2 and 7.
With low pressure pilot
7/8-inch (22.2 mm) orifice R99LX000012
1-1/8-inch (28.6 mm) orifice R99LX000022

With high pressure pilot
7/8-inch (22.2 mm) orifice R99HX000012
1-1/8-inch (28.6 mm) orifice R99HX000022

With extra high pressure pilot
7/8-inch (22.2 mm) orifice R99HPX00012
1-1/8-inch (28.6 mm) orifice R99HPX00022
11



Type 99

12
Figure 5. Travel Indicator Assembly

20A7146-B
Travel Indicator Assembly (figure 5)
Key Description Part Number

Complete Assembly (includes individual parts
listed below) Bl2868000A2

1 Spring Case, cast iron 2L296209012
101 Indicator Stem Adaptor, aluminum 1R395909012
102 Indicator Cap, aluminum 1L290809012

103 Indicator Stem, aluminum 1L296509022
104 Disk Nut, plastic 1F730506992
105 Machine Screw Nut, plated steel (2 req’d) 1A342024152
106 Retainer, aluminum 1L291009012

107 Indicator Window, glass 1L296706992
108* Gasket, neoprene (2 req’d) 1L291103012
109* Indicator Cover, plastic (2 req’d) 1L296405032
110 Machine Screw, plated steel (8 req’d) 1A331928982

111* O-Ring, nitrile (2 req’d) 1E591406992
112 Indicator Scale, SST 1J511638982
Actuator and Main Body (figures 6, 9,
10, and 11)
Key Description Part Number
1 Standard Spring Case w/o travel

indicator, cast iron 1B883119012
2 Main Spring Seat, zinc plated steel

250 psi (17 bar differential) max
allowable pressure drop , cast iron 1B883219042

1000 psi (69 bar differential) max
allowable pressure drop (requires main
spring seat 1E242724092) 1E242724092
Key Description Part Number
3 Main Spring, zinc plated steel

25 psi (1.7 bar differential) max
allowable pressure drop 1C277127022

50 psi (3.4 bar differential) max
allowable pressure drop 1N801927022

250 psi (17 bar differential) max
allowable pressure drop 1B883327022

1000 psi (69 bar differential) max
allowable pressure drop (requires main
spring seat 1E242724092) 0W019127022

4 Diaphragm Rod, 416 stainless steel 1B883435232

5 Diaphragm Rod Guide
Brass w/bronze insert 1D9712000A2
316 stainless steel 1B883535072

6 Collar
Brass 1B883614012
316 stainless steel 1B883635072

7* Pusher Post Gasket, composition 1B883704022
8 Pusher Post

Brass w/bronze insert 1D9714000A2
316 stainless steel 1B883835072

9 Lever, steel 2F823423072
10 Diaphragm Plate, zinc plated steel 1B989225072
11* Diaphragm

Nitrile 1B884102052
Fluoroelastomer 1N378902312

12 Cap Screw, plated steel (12 req’d) 1B884224052
13 Hex Nut, zinc plated steel (13 req’d) 1A340324122
14 Union Nut, iron 0Z017619062
15 Body Snap Ring, zinc plated steel 0Y095828982
16* Body Gasket, composition 1A348004032
17 Valve Body

2-inch NPT
Cast iron 1C254619012
Steel 2N153522012
Brass 1C254612012

2-inch Class 125 flanged
cast iron 2D986519012

2-inch Class 250 flanged
cast iron 2D986619012

2-inch Class 150 flanged
Steel 2E275622012
Brass 2N379012012

2-inch Class 300 flanged
Steel 2E275722012
Brass 2N379112012

Type VSX valve bodies Consult Factory
18 Holder for Type 99 regulator

Disk seat
Brass 1B884314012
316 stainless steel 1B884335072

O-Ring Seat
7/8-inch (22.2 mm) orifice
Brass 1E603214012
316 stainless steel 1E603235072

1-1/8-inch (28.6 mm) orifice
Brass 1E342414012
316 stainless steel 1E342435072
*Recommended spare parts
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Key Description Part Number
18* Disk & Holder Assy for 1000 psig (69 bar)

max inlet regulator, nylon/316 stainless steel 1C1860000B2
19 Disk for Type 99 Regulator

250 psi (17 bar differential) max
allowable pressure drop
Neoprene 1C997403032
Nitrile 1C158703332
Fluoroelastomer 1C9974X0012

400 psi (28 bar differential) max
allowable pressure drop
Nylon 1E480603152
TFE 1C997406242

19* O-Ring
7/8-inch (22.2 mm) orifice
Nitrile 1D237506992
Fluoroelastomer 1D237506382

1-1/8-inch (28.6 mm) orifice
Nitrile 1H8498X0012
Fluoroelastomer 1H8498X0032
20* Orifice
Disk seat for all regulators
3/8-inch (9.5 mm) orifice
Brass 19A73901412
416 stainless steel 19A7390X012

1/2-inch (12.7 mm) orifice
Brass 14A84101412
416 stainless steel 14A8410X012

9/16-inch (14.3 mm) orifice
Brass 10B22541412
416 stainless steel 10B2254X012

5/8-inch (19.9 mm) orifice
Brass 19A73911412
416 stainless steel 19A7391X012

7/8-inch x 3/8-inch (22.2 x 9.5 mm) orifice
Brass 1N878114012
316 stainless steel 1N8781X0012

7/8-inch x 1/2-inch (22.2 x 12.7 mm) orifice
Brass 1C942314012
316 stainless steel 1C942335072

7/8-inch x 5/8-inch (22.2 x 19.9 mm) orifice
Brass 1C942414012
316 stainless steel 1C9424X0012

3/4-inch (19.1 mm) orifice
Brass 1C780414012
316 stainless steel 1C780435072

7/8-inch (22.2 mm) orifice
Brass 1C394714012
316 stainless steel 1C394735072

1-inch (25.4 mm) orifice
Brass 13A5017X012

1-1/8-inch (28.6 mm) orifice
Brass 1B884414012
316 stainless steel 1B884435072

1/2-inch (12.7 mm) disk seat for 1000 psig
(69 bar) max inlet regulator,
416 stainless steel 14A8410X012

O-Ring seat for all regulators
7/8-inch(22.2 mm) orifice
Brass 1E603014012
316 stainless steel 1E603035072

1-1/8-inch (28.6 mm) orifice
Brass 1E342514012
316 stainless steel 1E342535072

Type VSX seat ring Consult Factory
*Recommended spare parts
Key Description Part Number
21 Retainer

Disk seat (19.1 mm)
All except 3/4-inch (19.1 mm) or 1-1/8-inch (28.6 mm)
orifice or 1000 psig (69 bar) max inlet regulator
Brass 1C394814012
303 stainless steel 1C394835072

3/4-inch (19.1 mm) orifice
Brass 1C780314012
316 stainless steel 1C7803X0012

1-1/8-inch (28.6 mm) orifice
Brass 1B884514012
316 stainless steel 1B884535072

O-Ring seat for all regulators
7/8-inch (22.2 mm) orifice
Brass 1E603114012
316 stainless steel 1E603135072

1-1/8-inch (28.6 mm) orifice
Brass 1E342614012
316 stainless steel 1E342635072

22 Cap Screw, plated steel 1A391724052
25 Cotter Pin, 316 stainless steel 1B108438992
26 Valve Carrier

Brass 1E597114072
416 stainless steel 1E597135132

27 Lever Pin
316 stainless steel 1B884935162
303 stainless steel 1C911635032

28 Retaining Ring for brass trim, plated steel (2 req’d) 1B885028982
28 Cotter Pin for stainless steel trim,

316 stainless steel (2 req’d) 1A866537022
29 Lower Casing, cast iron

Standard 4B983719012
For use with optional protector, spring washer,
& machine screw (keys 61, 62, & 63) 2N379419012

29 Lower casing Assy for use w/O-ring stem
seal, cast iron w/SST guide bushing
Complete w/nitrile O-ring 2R7230000A2
Complete w/fluoroelastomer O-ring 2R7230X0022

32 Nameplate, aluminum 14A1711X012
Figure 6. O-Ring Stem Seal

MK MK ML ML

20A7148-B
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Type 99

Key Description Part Number
56 Upper Casing, cast iron 3B887619012
57* Spring Case Gasket, composition 1B8877X0012
58 Cap Screw, plated steel (4 req’d) 1A675124052
61(1) Optional Lower Casing Protector (not shown)

Brass 1N379514012

62(1) Optional Spring Washer (not shown)
Zinc plated brass (2 req’d) 1N339518992

63(1) Optional Machine Screw (not shown)
Zinc plated brass (2 req’d) 1H340518992

64* O-Ring (for use only w/O-ring stem seal)
Nitrile 1E220206992
Fluoroelastomer 1R620106382

73 Pipe plug, zinc plated steel (not shown) 1A767524662

75 Standard P590 Series Filter Assembly
(parts listed under separate heading)
Type P594-1, brass FSP594-1
Type P593-1, aluminum FSP593-1

77 Bonnet
Cast iron 2V610219022
Steel 2V610422012

133 Pipe Elbow
Plated steel 1B860828992

134 Pipe Nipple
Plated steel 1B218826232

152 Drive Screw, 18-8 stainless steel
(4 req’d for low pressure pilot and
6 req’d for high pressure pilot) 1A368228982

155 Type 1301F Pilot Supply Regulator (2)(for use
only w/extra high pressure pilot) See footnote 2

156 Type H110 Pop Relief Valve, (for use only
w/extra high pressure pilot) brass w/nitrile
disk & 316 stainless steel spring Consult Factory

157 Adaptor for 1000 psig (69 bar) max inlet
regulator, 416 stainless steel 14A8411X012

159 Tag (for use only w/O-ring stem seal and
extra high pressure pilot)
alloy 1100 (not shown) 16A0957X012
14
Figure 7. Standard P590 Series Filter Assembly

PTS

AJ5004-A
A2135/IL
Figure 8. Type VSX Module

A6801/IL
Standard P590 Series Filter Assembly
(figure 7)
Key Description Part Number
1 Filter Body

Type P594-1, brass 1E312414012
Type P593-1, aluminum 1E312409012

2* Filter Element, cellulose 1E312606992
3 Filter Head

Type P594-1, brass 1E312514012
Type P593-1, aluminum 1E312509012

4 Machine Screw
Type P594-1, brass 1J500218992
Type P593-1, aluminum 1J500209012

5 Washer (2 req’d)
Type P594-1, brass 1J500018992
Type P593-1, aluminum 1J500010062

6 Spring Washer, plated carbon steel 1H885128982
7* Gasket, composition 1F826804022
Type VSX Module (figure 8)
Key Description Part Number
1 VSX Module

High and low pressure shutoff T13750T0012
High pressure shutoff only T13750T0022

2 Upper O-ring T13769T0012
3 Lower O-ring T13770T0012
4 Set Screw 1C629828992

6 Vent Assembly 27A5516X012
7 Control Spring, zink plated steel

High pressure
13.6 to 20-inches w.c. (34 to 50 mbar) T13751T0012
20 to 36-inches w.c. (50 to 90 mbar) T13752T0012
1.3 to 2.4 psi (90 to 165 mbar) T13753T0012
2.2 to 3.5 psi (150 to 225 mbar) T13754T0012
3.25 to 5.4 psi (225 to 370 mbar) T13755T0012
4.4 to 8.0 psi (300 to 550 mbar) T13756T0012
* Recommended spare part
1. Required with lower casing 2N379419012
2. Specific pilot supply regulator parts may be found in the Types 1301F and 1301G
instruction manual.



Type 99

Key Description Part Number
8 Control Spring, zink plated steel

Low pressure
2.4 to 9.2-inches w.c. (6 to 23 mbar) T13757T0012
4 to 24-inches w.c. (10 to 60 mbar) T13760T0012
0.7 to 1.25 psi (40 to 160 mbar) T13761T0012
0.9 to 4.6 psi (60 to 320 mbar) T13762T0012
Pilot and Tubing Parts(3) Low or High
Pressure Pilot (figure 9)
Key Description Part Number
13 Hex Nut, zinc plated steel (13 req’d) 1A340324122
23 Elbow (2 req’d)

Brass 15A6002X292
Aluminum 15A6002X402
316 stainless steel 15A6002X612

24 Pilot Supply Tubing
Disk or O-ring main valve seat
Copper 1D8793000A2
Aluminum 1L917511072
317 stainless steel 1L9175X6012

30* Upper Relay Diaphragm
Nitrile 1B885202052
Fluoroelastomer 1N162802332

31 Upper Relay Diaphragm Plate, plated steel
For use w/all low pressure pilots
except LE 1B989225072

For use w/all high pressure pilots & LE
low pressure pilot 1D558425072

33* O-Ring Seal
Nitrile 1B885506992
Fluoroelastomer 1B8855X0012

34 Connector
Brass 1D692214012
Aluminum 15A6002X392
316 stainless steel 15A6002X602

37 Yoke
Zinc 1D662544012
Cast iron 1B984019012

38* Relay Orifice, stainless steel
For use w/25 psi (1.7 bar) max allowable
pressure drop actuator main spring 1D373735032

For use w/all other main springs 1C520135032
For use w/oxygen service 1N162314042

39 Relay Valve Body, cast iron 2J581919012
40* Lower Relay Diaphragm

Low pressure pilot
Nitrile 1B886002052
Fluoroelastomer 1N536102332

High pressure pilot
Nitrile 1B894202192
Fluoroelastomer 1N162702302

41 Lower Relay Diaphragm Plate, plated steel
Low pressure pilot 1B989425072
High pressure pilot 1D558325072

42 Spring Seat, zinc plated steel
Low pressure pilot 1B886225072
High pressure pilot 1D558525072
* Recommended spare part
3. An entire pilot assembly may be ordered from your Fisher representative

by specifying a 61L, a 61H, or a 61HP pilot for field conversion.
Key Description Part Number
43 Control Spring, zinc plated steel

for use only w/LD low pressure pilot
0 to 4-inches w.c. (0 to 10 mbar)
range, orange 1B558527052

3 to 12-inches w.c. (7 to 30 mbar)
range, silver 1C680627222

For use w/all low pressure pilots
0.25 to 2 psig (17 to 138 mbar)
range, red 1B886327022

1 to 5 psig (0.069 to 0.34 bar)
range, yellow 1J857827022

2 to 10 psig (0.14 to 0.69 bar)
range, blue 1B885427022

5 to 15 psig (0.34 to 1.0 bar)
range, brown 1J857927142

10 to 20 psig (0.69 to 1.4 bar)
range, green 1B886527022

For use w/high pressure pilot,
green stripe 0Y066427022

44 Spring Case, cast iron
Low pressure pilot 1B983919012
High pressure pilot
Standard 1B984119012

For use w/closing cap
(not shown) 1H232619012

45 Adjusting Screw
Low pressure pilot
Standard, zinc 1B537944012

Handwheel-style, plated steel 1J496428982
O-ring seated handwheel assembly 1R759414012
High pressure pilot, plated steel
Standard 1A279128982

For use w/closing cap 1H236514012 1J881524102

46 Closing Cap

For use w/std low pressure pilot, plastic T11069X0012
For use w/handwheel-style low pressure
pilot, brass (not shown) 1A926114012

For use w/O-ring sealed handwheel
assembly 1R759314012

For use w/high pressure pilot w/spring
case 1H232619012, brass (not shown) 1H236514012

47 Cap Screw, plated steel (8 req’d) 1B989624052
48* Relay Disk Ass’y

Brass/Nitrile 1B8868000A2
303 stainless steel/Nitrile 1B8868000B2
Brass/Fluoroelastomer 1B8868X0012
303 stainless steel/Fluoroelastomer 1B8868X0022

49* Bleed Valve Spring, stainless steel
For use w/low pressure pilot w/relay
orifice 1D373735032 or bleed valve
1H951635132 1E643637022

For use w/all low and high pressure pilots
Inlet pressure to 250 psig (17 bar) 1C911537022
Inlet pressure over 250 psig (17 bar) 1N859137022

50* Bleed Valve, stainless steel
For use w/LD low pressure pilot w/bleed
valve spring 1E643637022 1H951635132

For use w/all low and high pressure pilots 1D986735132
15
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Figure 9. Type 99 Regulator with 61L (low) or 61H (high pressure) Pilot
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Type 99

A6802/
Key Description Part Number
51 Diaphragm Nut

Brass 1B989514012
316 stainless steel 1B989535072

52* Bleed Orifice, 316 stainless steel 1B887335032
53 Loading Tubing

Copper 1J4928000A2
Aluminum 1J492711052
316 stainless steel 1J4927X00A2

54 Connector
Brass 1H628114012
Aluminum 15A6002X432
316 stainless steel 15A6002X992

55 Pipe Nipple, plated steel (1 req’d w/copper
tubing & 2 req’d w/aluminum tubing 1C488226232
316 stainless steel 1C488238982

59 Pipe plug, steel (not shown) 1A369224092
60 Type Y602-1 Vent Ass’y 27A5516X012
68 Spring Seat

Handwheel-style low pressure pilot,
steel, (not shown) 1J618124092

High pressure pilot, zinc 0W019344022
69 Nameplate, aluminum 14A1711X012

71* Closing Cap Gasket (for use only w/low
pressure pilot), neoprene 1P753306992

72 Type Y602-1 Vent Ass’y (for use only w/std
high pressure pilot spring case),
zinc/18-8 stainless steel 17A6570X012

78 Handwheel (for use only w/handwheel-style
low pressure pilot), zinc 1J496144012
Key Description Part Number
79 Machine Screw (for use only w/handwheel-

style low pressure pilot), plated steel 1A851728982

80 Lockwasher (for use only w/handwheel-style
low pressure pilot), steel 1A352332992

81 O-Ring (for use only w/O-ring sealed
handwheel assembly) 1D541506992

82 Hex nut
(for use only w/O-ring sealed
handwheel assembly) 1A351124122

(for use w/high pressure pilot), zinc plated
steel 1A352224122

114* Gasket (for use only w/high pressure pilot
w/spring case 1H232619012),
steel/composition (not shown) 1B487099202

115 Adaptor (for use only w/high pressure pilot
w/spring case 1H232619012), steel (not
shown) 1J881624092

132 Pilot Cover (used only w/complete
replacement pilot ass’y for field
conversion), cast iron 2C518619012

152 Drive Screw, 18-8 stainless steel
(4 req’d for low pressure pilot and
6 req’d for high pressure pilot) 1A368228982

154 Drive Screw (for use only w/low pressure
pilot), 18-8 stainless steel (2 req’d) 1A368228982
Figure 10. Type 99 O-Ring Sealed Handwheel

IL
Type 61HP (Extra High Pressure) Pilot
(figure 12)
Key Description Part Number
23 Elbow

For use w/all std regulators
Brass 15A6002X292
Aluminum 15A6002X402
316 stainless steel 15A6002X202

For use w/1000 psig (69 bar) max inlet
regulator, steel 1J139628982

24 Pilot Supply Tubing
For use w/all std regulators
Copper 1D7703000A2
Aluminum 1K546511062
316 stainless steel 1L91752X602

For use w/1000 psig (69 bar) max inlet
regulator, steel 19A4385X012

30* Diaphragm
Neoprene 13A9840X012
Fluoroelastomer/Dacron 13A9840X022

31 Yoke Leg, 416 stainless steel (2 req’d) 13A9838X012
34 Connector (3 req’d)

For use w/all std regulators
Brass 1D692214012
Aluminum 15A6002X392
316 stainless steel 15A6002X602

For use w/1000 psig (69 bar) max inlet
regulator, steel 15A6002X392

35 Cap Screw, plated steel (6 req’d) 1A930424052
36 Elbow, plated steel 1B860828992

37 Yoke Cap, 416 stainless steel 13A9837X012
17

*Recommended spare part



Type 99
Key Description Part Number
38 Inlet Orifice

Brass 1N379714012
303 stainless steel 1D318135032

39 Pilot Body, cast iron 33A9845X012
40* Diaphragm

Neoprene 13A9841X022
Fluoroelastomer/Dacron(4) 13A9841X012

41 Diaphragm Plate,
416 Stainless steel (4 req’d) 13A9839X012

43 Control Spring, zinc plated steel (blue) 1D387227022
44 Spring Case, cast iron

Std 2P969419012
1/4-inch NPT tapped for use w/closing
cap 1E599914012 (not shown) 20A4735X012

45 Adjusting Screw, plated carbon steel
Std 1C216032992
for use w/closing cap 1E599914012 (not
shown) 1F6635X0012

46 Closing Cap (for use only w/tapped spring
case 20A4735012), brass (not shown) 1E599914012

47 Cap Screw, plated steel (8 req’d) 1B787724052
49 Relief Valve Spring, 316 stainless steel 1C374037022
50 Relief Valve plug, 316 stainless steel 1K377535162
52 Bleed Orifice

Brass 1B329014012
316 stainless steel 1K377625162
18
Key Description Part Number
53 Loading Tubing

For use w/all std regulators
Copper 1D7702000A2
Aluminum 1K546611072
317 stainless steel 1J4927X00A2

For use w/1000 psig (69 bar) max inlet
regulator, steel 1K5466X0042

55 Pipe Nipple, plated steel (2 req’d) 1C488226232
60 Pipe plug, steel (not shown) 1A649528992
68 Spring Seat, zinc plated steel 10A3963X012

72 Type Y602-12 Vent Assy (for use only
w/tapped spring case 20A4735X012),
zinc w/18-8 stainless steel screen 27A5516X012

82 Locknut, zinc plated steel 1A352224122
116 Yoke Cap, 416 stainless steel 13A9836X012
117* Inlet Valve plug

304 stainless steel/nitrile 1D5604000B2
304 stainless steel/fluoroelastomer 1N3798000C2

118 Relief Valve Cap
Brass 1D904914012
303 stainless steel 1D904935072

119 Relief Valve Body
Brass 1D904814012
316 stainless steel 1D904835072

120 Spring Seat
Brass 1K377718992
316 stainless steel 1K377735072

121 Spring Seat Washer
Brass 1B495118992
316 stainless steel 1K377835072
122 Pipe Bushing, malleable iron,
zinc gal (not shown) 1B292821992

123 Cap Screw, plated steel (6 req’d) 1P327028982
124 Valve Spring, 316 stainless steel 1B797937022
125 Flange Adaptor, steel 23A9846X012

126* Gasket, composition 0U0365X0022
128 Diaphragm Nut, zinc plated steel 1A346524122
129* Valve Spring Seat, aluminum 1L251135072
130 Machine Screw,

303 Stainless steel (4 req’d) 1A866935032

131 Pipe plug, steel (not shown) 1A369224092
150 Diaphragm Insert (2 req’d)

Nitrile 13A9842X012
Fluoroelastomer 13A9842X022

151 Nameplate, aluminum 14A2742X012
152 Drive Screw,

18-8 Stainless steel (2 req’d) 1A368228982

153 Seal Washer, nitrile/plated steel (6 req’d) 13A9849X012
Figure 11. 1000 Psig(69 bar) Max Inlet Regulator Partial Detail

A6803/IL
*Recommended spare parts



Type 99
Figure 12. Type 61HP (extra high pressure) Pilot

A6804/IL
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For information, contact Fisher Controls:
Marshalltown, Iowa 50158 USA
Cernay 68700 France
Sao Paulo 05424 Brazil
Singapore 0512

The contents of this publication are presented for informational purposes only, and while every effort has been made to ensure their accuracy, they are not to be construed as warranties or guarantees,
express or implied, regarding the products or services described herein or their use or applicability. We reserve the right to modify or improve the designs or specifications of such products at any time
without notice.

Printed in U.S.A.



Due to wide variations in the terminal numbering
of actuator products, actual wiring of this device
should follow the print supplied with the unit.
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WARNING

Thank you for purchasing automation equipment from Automationdirect.com. We want your new DirectLOGIC
automation equipment to operate safely. Anyone who installs or uses this equipment should read this publication (and
any other relevant publications) before installing or operating the equipment.

To minimize the risk of potential safety problems, you should follow all applicable local and national codes that regulate
the installation and operation of your equipment. These codes vary from area to area and usually change with time. It is
your responsibility to determine which codes should be followed, and to verify that the equipment, installation, and
operation is in compliance with the latest revision of these codes.

At a minimum, you should follow all applicable sections of the National Fire Code, National Electrical Code, and the
codes of the National Electrical Manufacturer’s Association (NEMA). There may be local regulatory or government
offices that can also help determine which codes and standards are necessary for safe installation and operation.

Equipment damage or serious injury to personnel can result from the failure to follow all applicable codes and
standards. We do not guarantee the products described in this publication are suitable for your particular application,
nor do we assume any responsibility for your product design, installation, or operation.

If you have any questions concerning the installation or operation of this equipment, or if you need additional
information, please call us at 770--844--4200.

This publication is based on information that was available at the time it was printed. At Automationdirect.com we
constantly strive to improve our products and services, so we reserve the right to make changes to the products and/or
publications at any time without notice and without any obligation. This publication may also discuss features that may
not be available in certain revisions of the product.

Trademarks
This publication may contain references to products produced and/or offered by other companies. The product and
company names may be trademarked and are the sole property of their respective owners. Automationdirect.com
disclaims any proprietary interest in the marks and names of others.

Copyright 2000, Automationdirect.com Incorporated
All Rights Reserved

No part of this manual shall be copied, reproduced, or transmitted in any way without the prior, written consent of
Automationdirect.com Incorporated. Automationdirect.com retains the exclusive rights to all information
included in this document.
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Installation, Wiring, and Specifications

The following table lists the environmental specifications that generally apply to the
DL205 system (CPU, Bases, I/O Modules). The ranges that vary for the Handheld
Programmer are noted at the bottom of this chart. I/O module operation may
fluctuate depending on the ambient temperature and your application. Please refer
to the appropriate I/O module specifications for the temperature derating curves
applying to specific modules.

Specification Rating

Storage temperature --4° F to 158° F (--20° C to 70° C)

Ambient operating temperature* 32° F to 131° F (0° C to 55° C)

Ambient humidity** 30% -- 95% relative humidity (non--condensing)

Vibration resistance MIL STD 810C, Method 514.2

Shock resistance MIL STD 810C, Method 516.2

Noise immunity NEMA (ICS3--304)

Atmosphere No corrosive gases

* Operating temperature for the Handheld Programmer and the DV--1000 is 32° to 122° F (0° to 50° C)
Storage temperature for the Handheld Programmer and the DV--1000 is --4° to 158° F (--20° to70° C).
**Equipment will operate below 30% humidity. However, static electricity problems occur much more
frequently at lower humidity levels. Make sure you take adequate precautions when you touch the
equipment. Consider using ground straps, anti-static floor coverings, etc. if you use the equipment in
low humidity environments.

The power source must be capable of supplying voltage and current complying with
the base power supply specifications.

Specification AC Powered Bases 24 VDC Powered Bases 125 VDC Powered Bases

Part Numbers D2--03B, D2--04B, D2--06B,
D2--09B

D2--03BDC--1, D2--04BDC--1,
D2--06BDC--1, D2--09BDC--1

D2--03BDC--2, D2--04BDC--2,
D2--06BDC--2, D2--09BDC--2

Input Voltage Range 85--132 VAC (110 range)
170--264 VAC (220 range)

10.2 -- 28.8VDC (24VDC)
with less than 10% ripple

90--264 VDC (125 VDC)
with less than 10% ripple
115--264 VDC (9-slot base)

Maximum Inrush Current 30 A 10A 20A

Maximum Power 50 VA
80 VA (D2--09B)

15W
25 W (D2--09BDC--1)

30W

Voltage Withstand (dielectric) 1 minute @ 1500 VAC between primary, secondary, field ground, and run relay

Insulation Resistance > 10 MO at 500 VDC

Auxiliary 24 VDC Output 20--28 VDC, less than 1V p-p
200 mA max.
(300 mA max., 9-slot base)

None 20--28 VDC, less than 1V p-p
200 mA max.
(300 mA max., 9-slot base)

Some applications require agency approvals. Typical agency approvals which your
application may require are:

• UL (Underwriters’ Laboratories, Inc.)
• CSA (Canadian Standards Association)
• FM (Factory Mutual Research Corporation)
S CUL (Canadian Underwriters’ Laboratories, Inc.)

Environmental
Specifications

Power

Agency Approvals
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2--10
Installation, Wiring, and Specifications

The DL205 bases can also be secured to the cabinet by using mounting rails. You
should use rails that conform to DIN EN standard 50 022. Refer to our catalog for a
complete line of DIN rail and DINnectors, DIN rail mounted apparatus. These rails
are approximately 35mm high, with a depth of 7.5mm. If you mount the base on a rail,
you should also consider using end brackets on each end of the rail. The end bracket
helps keep the base from sliding horizontally along the rail. This helps minimize the
possibility of accidentally pulling the wiring loose.
If you examine the bottom of the base, you’ll notice two small retaining clips. To
secure the base to a DIN rail, place the base onto the rail and gently push up on the
retaining clips. The clips lock the base onto the rail.
To remove the base, pull down on the retaining clips, lift up on the base slightly, and
pull it away from the rail.

35 mm

7.5mm

Retaining Clips

DIN Rail Dimensions

Using Mounting
Rails
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Installation, Wiring, and Specifications

Installing Components in the Base

When inserting components into the base, align the PC board(s) of the module with
the grooves on the top and bottom of the base. Push the module straight into the
base until it is firmly seated in the backplane connector. Once the module is inserted
into the base, push in the retaining clips (located at the top and bottom of the module)
to firmly secure the module to the base.

Align module to
slots in base and slide in

Push the retaining
clips in to secure the module

to the DL205 base

CPU must be positioned in
the first slot of the base

WARNING: Minimize the risk of electrical shock, personal injury, or equipment
damage, always disconnect the system power before installing or removing any
system component.
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2--12
Installation, Wiring, and Specifications

Base Wiring Guidelines

The diagram shows the terminal
connections located on the power supply
of the DL205 bases. The base terminals
can accept up to 16 AWG. You may be
able to use larger wiring depending on
the type of wire used, but 16 AWG is the
recommended size. Do not overtighten
the connector screws; recommended
torque value is 7.81 pound-inches (0.882
N•m).

NOTE: You can connect either a 115
VAC or 220 VAC supply to the AC
terminals. Special wiring or jumpers are
not required as with some of the other
DirectLOGIC products.

110/220 VAC Base Terminal Strip

85 -- 264 VAC

G

24 VDC OUT
0.2A

125 VDC Base Terminal Strip

90 -- 264 VDC

G

24 VDC OUT
0.2A

12/24 VDC Base Terminal Strip

12 -- 24 VDC

G
D2--09BDC--2
range is
115--264 VDC

--

+

--

+

--

+

--

+

WARNING: Once the power wiring is connected, install the plastic protective cover.
When the cover is removed there is a risk of electrical shock if you accidentally touch
the wiring or wiring terminals.

Base Wiring
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2--14
Installation, Wiring, and Specifications

In some cases, using the built-in auxiliary +24VDC supply can result in a cost
savings for your control system. It can power combined loads up to 200 mA on 3--6
slot bases and 300mA on the 9--slot base. Be careful not to exceed the current rating
of the supply. If you are the system designer for your application, you may be able to
select and design in field devices which can use the +24VDC auxiliary supply.
All AC powered DL205 bases feature the internal auxiliary supply. If input devices
AND output loads need +24VDC power, the auxiliary supply may be able to power
both circuits as shown in the following diagram.

Input ModuleAuxiliary
+24VDC
Supply

Power Input DL205 PLC

Output Module

Loads

AC Power

+ --

Inputs Com. Outputs Com.

DC-powered DL205 bases are designed for application environments in which
low-voltage DC power is more readily available than AC. These include a wide range
of battery--powered applications, such as remotely-located control, in vehicles,
portable machines, etc. For this application type, all input devices and output loads
typically use the same DC power source. Typical wiring for DC-powered applications
is shown in the following diagram.

Input Module
Power Input

DL205 PLC

Output Module

Loads

DC Power
+

--

+

--

Inputs Com. Outputs Com.

Powering I/O
Circuits with the
Auxiliary Supply
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Installation, Wiring, and Specifications

In most applications it will be necessary to power the input devices from one power
source, and to power output loads from another source. Loads often require
high-energy AC power, while input sensors use low-energy DC. If a machine
operator is likely to come in close contact with input wiring, then safety reasons also
require isolation from high-energy output circuits. It is most convenient if the loads
can use the same power source as the PLC, and the input sensors can use the
auxiliary supply, as shown to the left in the figure below.
If the loads cannot be powered from the PLC supply, then a separate supply must be
used as shown to the right in the figure below.

Input ModuleAuxiliary
+24VDC
Supply

Power Input DL205 PLC

Output Module

Loads

AC Power

+ --

Inputs Com. Outputs Com.

Input ModuleAuxiliary
+24VDC
Supply

Power Input DL205 PLC

Output Module

Loads

AC Power

+ --

Inputs Com. Outputs Com.

Load
Supply

Some applications will use the PLC external power source to also power the input
circuit. This typically occurs on DC-powered PLCs, as shown in the drawing below to
the left. The inputs share the PLC power source supply, while the outputs have their
own separate supply.
A worst-case scenario, from a cost and complexity view-point, is an application
which requires separate power sources for the PLC, input devices, and output loads.
The example wiring diagram below on the right shows how this can work, but also
the auxiliary supply output is an unused resource. You will want to avoid this situation
if possible.

Input Module
Power Input

DL205 PLC

Output Module

Loads

DC Power
+

--

+

--

Inputs Com. Outputs Com.

Load
Supply

Input ModuleAuxiliary
+24VDC
Supply

Power Input DL205 PLC

Output Module

Loads

AC Pow-
er

+ --

Inputs Com. Outputs Com.

Load
Supply

Input
Supply

Powering I/O
Circuits Using
Separate Supplies
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Installation, Wiring, and Specifications

In order for a PLC I/O circuit to operate,
current must enter at one terminal and exit
at another. Therefore, at least two
terminals are associated with every I/O
point. In the figure to the right, the Input or
Output terminal is the main path for the
current. One additional terminal must
provide the return path to the power
supply.

+

--

I/O
Circuit

PLC

(I/O Point)

Return Path

Field
Device

Main Path

If there was unlimited space and budget
for I/O terminals, every I/O point could
have two dedicated terminals as the figure
above shows. However, providing this
level of flexibility is not practical or even
necessary for most applications. So, most
Input or Output points on PLCs are in
groups which share the return path (called
commons). The figure to the right shows a
group (or bank) of 4 input points which
share a common return path. In this way,
the four inputs require only five terminals
instead of eight.

+

--

Input
Sensing

PLC

Input 4

Common

Input 3

Input 2

Input 1

NOTE: In the circuit above, the current in the common path is 4 times any channel’s
input current when all inputs are energized. This is especially important in output
circuits, where heavier gauge wire is sometimes necessary on commons.

Most DL205 input and output modules
group their I/O points into banks that share
a common return path. The best indication
of I/O common grouping is on the wiring
label, such as the one shown to the right.
The miniature schematic shows two circuit
banks with eight input points in each. The
common terminal for each is labeled “CA”
and “CB”, respectively.
In the wiring label example, the positive
terminal of a DC supply connects to the
common terminals. Some symbols you
will see on the wiring labels, and their
meanings are:

L

AC supply AC or DC supply

Input Switch Output Load

DC supply

+--

A

B

20--28VDC
8mA

D2--16ND3--2

IN 24

D2--16ND3--2

VDC
0
1
2
3

4
5
6
7

CA
4
5
6
7

CB
4
5
63

2
1
0

NC
3
2
1
0

7

CLASS2

I/O “Common”
Terminal Concepts
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Installation, Wiring, and Specifications

The discrete modules provide LED status indicators to show the status of the input
points.

Wire tray area

Status indicators

Terminal Cover
(installed)

behind terminal cover

Terminal

The DL205 family of I/O modules have a color coding scheme to help you quickly
identify if a module is either an input module, output module, or a specialty module.
This is done through a color bar indicator located on the front of each module. The
color scheme is listed below:

Module Type
Discrete/Analog Output
Discrete/Analog Input
Other

Color Code
Red
Blue
White

Color Bar

Discrete Input
Module Status
Indicators

Color Coding of I/O
Modules
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2--30
Installation, Wiring, and Specifications

D2--08NA-1 AC Input
Inputs per module 8

Commons per module 1 (2 I/O terminal points)

Input voltage range 80--132 VAC

Peak voltage 132 VAC

AC frequency 47--63 Hz

ON voltage level 75 VAC minimum

OFF voltage level 20 VAC maximum

Input impedance 12K @ 60 Hz

Input current 13mA @ 100VAC, 60Hz
11mA @ 100VAC, 50Hz

Input current 13mA @ 100VAC, 60Hz
11mA @ 100VAC, 50Hz

Minimum ON current 5 mA

Maximum OFF current 2 mA

Base power required 50 mA Max

OFF to ON response 5 to 30 ms

ON to OFF response 10 to 50 ms

Terminal type Removable

Status indicator Logic side

Weight 2.5 oz. (70 g)

Derating Chart

Optical

COM

Isolator

INPUT

110 VAC

V+

To LED

Internal module circuitry

COM

C

C
0

1

2

3

4

5

6

7

Internally
connected110 VAC

0

2

4

6

8

0 10 20 30 40 50 55

Ambient Temperature (°C/°F)
32 50 68 86 104 122 131

C°
F°

Points

C
C

0
4

1
5

2
6

3
7

80-132VAC
10-20mA

D2--08NA-1

IN 110

D2--08NA--1

VAC
0
1
2
3

4
5
6
7

50/60Hz

Line

D2--16NA AC Input
Inputs per module 16

Commons per module 2 (isolated)

Input voltage range 80--132 VAC

Peak voltage 132 VAC

AC frequency 47--63 Hz

ON voltage level 70 VAC minimum

OFF voltage level 20 VAC maximum

Input impedance 12K @ 60 Hz

Input current 11mA @ 100VAC, 50Hz
13mA @ 100VAC, 60Hz
15mA @ 132VAC, 60Hz

Minimum ON current 5 mA

Maximum OFF current 2 mA

Base power required 100 mA Max

OFF to ON response 5 to 30 ms

ON to OFF response 10 to 50 ms

Terminal type Removable

Status indicator Logic side

Weight 2.4 oz. (68 g)

A

B

0 10 20 30 40 50 55

Ambient Temperature (°C/°F)
32 50 68 86 104 122 131

C°
F°

Optical
Isolator

INPUT

110 VAC

V+

To LED

Internal module circuitry

COM

0

1

2

3

5

6

7

NC

0

1

2

3

CB

4

5

6

7

CA

4

Derating Chart

0

4

8

12

16
Points

110 VAC

110 VAC

80--132VAC
10--20mA

D2--16NA

IN 110

D2--16NA

VAC
0
1
2
3

4
5
6
7

CA
4

5

6

7

CB
4

5
6

3

2

1
0

NC

3

2

1
0

7

50/60Hz

Line
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2--36
Installation, Wiring, and Specifications

D2--12TA AC Output

Outputs per module 12

Output Points Consumed 16 (4 unused, see chart below)

Commons per module 2 (isolated)

Operating voltage 15--132 VAC

Output type SSR (Triac)

Peak voltage 132 VAC

AC frequency 47 to 63 Hz

ON voltage drop < l.5 VAC (> 50mA)
< 4.0 VAC (< 50mA)

ON voltage drop < l.5 VAC (> 50mA)
< 4.0 VAC (< 50mA)

Max load current 0.3A / point,
1.8A / common

Max load current 0.3A / point,
1.8A / common

Max leakage current 2mA (132VAC, 60Hz)

Max inrush current 10A for 10 ms

Minimum load 10 mA

Base power required 350 mA Max

OFF to ON response 1 ms

ON to OFF response 1 ms +1/2 cycle

Terminal type Removable

Status indicators Logic Side

Weight 2.8 oz. (80 g)

Fuses (2) 1 per common
3.15A slow blow, replaceable3.15A slow blow, replaceable
Order D2--FUSE--1 (5 per pack)

Addresses Used

Yes
Yes
Yes
Yes
Yes

Points

Yn+0
Yn+1
Yn+2
Yn+3
Yn+4
Yn+5 Yes

Used?

NoYn+6
Yn+7 No

n is the starting address

Yes
Yes
Yes
Yes
Yes

Points

Yn+10
Yn+11
Yn+12
Yn+13
Yn+14
Yn+15 Yes

Used?

NoYn+16
Yn+17 No

Optical

COM

Isolator
OUTPUT

To LED

Internal module circuitry

3.15A15--132

L

0

3

6

9

12
Points

VAC

250mA / Pt.

300mA / Pt.

0

1

2

3

5

NC

NC

NC

0

1

2

3

CB

4

5

NC

NC

CA

4
L

L

L

L

L

L

L

L

L

L

15--132 VAC

15--132 VAC

0 10 20 30 40 50 55

Ambient Temperature (°C/°F)
32 50 68 86 104 122 131

C°
F°

Derating Chart

A

B

15--132VAC
10mA--0.3A

D2--12TA

OUT 15--110

D2--12TA

VAC
0
1
2
3

4
5

CA
4

5

CB
4

5

3

2

1
0

3

2

1
0

50/60 Hz

L

L

Line
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CPU Specifications and Operation

Overview

The CPU is the heart of the control
system. Almost all system operations are
controlled by the CPU, so it is important
that it is set-up and installed correctly.
This chapter provides the information
needed to understand:
S the differences between the

different models of CPUs
S the steps required to setup and

install the CPU

The DL230, DL240, and DL250 are modular CPUs which can be installed in 3, 4, 6,
or 9 slot bases. All I/O modules in the DL205 family will work with any of the CPUs.
The DL205 CPUs offer a wide range of processing power and program instructions.
All offer RLL and Stage program instructions (See Chapter 5). They also provide
extensive internal diagnostics that can be monitored from the application program or
from an operator interface.

The DL230 has 2.4K words of memory comprised of 2.0K of ladder memory and
approximately 400 words of V-memory (data registers). It has 90 different
instructions available for programming, and supports a maximum of 128 I/O points.
Program storage is in the EEPROM which is installed at the factory. In addition to the
EEPROM there is also RAM on the CPU which will store system parameters,
V-memory, and other data which is not in the application program.
The DL230 provides one built-in RS232C communication port, so you can easily
connect a handheld programmer or a personal computer without needing any
additional hardware.

The DL240 has a maximum of 3.8K of memory comprised of 2.5K of ladder memory
and approximately 1.3K of V-memory (data registers). There are129 instructions
available for program development and a maximum of 128 points local I/O and 896
points with remote I/O are supported.
Program storage is in the EEPROM which is installed at the factory. In addition to the
EEPROM there is also RAM on the CPU which will store system parameters,
V-memory and other data which is not in the application program.
The DL240 has two communication ports. The top port is the same port configuration
as the DL230. The bottom port also supports the DirectLINK protocol, so you can
use the DL240 in a DirectNET network. Since the port is RS232C, you must use an
RS232C/RS422 converter for multi-drop connections.

General CPU
Features

DL230 CPU
Features

DL240 CPU
Features
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CPU Specifications and Operation

The new DL250 offers all the DL240 features, plus more , program instructions, and
built--in Remote I/O Master. It has a maximum of 14.8K of program memory
comprised of 7.6K of ladder memory and 7.2K of V-memory (data registers). It
supports a maximum of 128 points of local I/O, and 2048 points with remote I/O if you
use the DL250 as a Remote master. It includes an additional internal RISC--based
microprocessor for greater processing power. The DL250 has 170 instructions. The
additional 41 instructions to the DL240 instruction set include drum timers, a print
function, floating point math, and PID loop control for 4 loops.
The DL250 has a total of two communications ports. The top port is identical to the
top port of the DL240 with the exception of DirectNet slave feature. The bottom port
is a 15--pin RS232C/RS422 port. It will interface with DirectSOFT, and operator
interfaces, and provides DirectNet and MODBUS RTU Master/Slave connections.

DL250 CPU
Features
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CPU Specifications and Operation

CH1

CH2

CH3

CH4

RUN

TERM

RUN
CPU

PWR
BATT

PORT 1

PORT2

DL240
CPU

There are 4 analog potentiometers (pots)
on the face plate of the DL240 CPU.
These pots can be used to change timer
constants, frequency of pulse train
output, etc. Each analog channel has
corresponding V-memory locations for
setting lower and upper limits for each
analog channel. The setup procedures
are covered later in this chapter.
To increase the value associated with the
analog pot, turn the pot clockwise. To
decrease the value, turn the pot counter
clockwise.

Analog Pots

0

Turn clockwise to increase value

Max

CH1

CH2

DL205 CPUs provide up to two communications ports. The DL240 and DL250 CPUs
have two ports while the DL230 has only one.

6P6C Phone Jack
RS232C, 9600 baud
Communication Port
--K-sequence
--DirectNET slave
--easily connect
DirectSOFT,
handhelds, operator
interfaces, any DirectNet
master

Port 1

Port 2

CH1

CH2

CH3

CH4

RUN

TERM

RUN
CPU

PWR
BATT

PORT 1

PORT2

DL240
CPU

RUN
CPU

PWR
BATT

PORT 1

DL230
CPU

6P6C Phone Jack
RS232C, 9600 baud
Communication Port
--K-sequence
--easily connect
DirectSOFT, handhelds,
operator interfaces, etc.

Port 1

6P6C Phone Jack
RS232C, up to 19.2K baud
Communication Port
--K-sequence
--DirectNET Slave
--easily connect
DirectSOFT, handhelds,
operator interfaces, or any

DirectNet master

Port 2

15-pin SVGA Connector
RS232C/RS422, up to 38.4K baud
Communication Port
--K-sequence
--DirectNET Master/Slave
--MODBUS RTU Master/Slave
--easily connect
DirectSOFT,
handhelds, operator
interfaces, any DirectNet

or MODBUS master or slave

Adjusting the
Analog
Potentiometers

230
5

240
5

250
4

Communication
Ports
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CPU Specifications and Operation

The operating parameters for Port 1 on the DL230 and DL240 CPUs are fixed.
S 6 Pin female modular (RJ12 phone jack) type connector
S K--sequence protocol
S RS232C, 9600 baud
S Connect to DirectSOFT, D2--HPP, DV--1000, operator interface panels
S Fixed station address of 1

Port 1 Pin Descriptions (DL230 and DL240)
1 0V Power (--) connection (GND)
2 5V Power (+) connection
3 RXD Receive Data (RS232C)
4 TXD Transmit Data (RS232C
5 5V Power (+) connection
6 0V Power (--) connection (GND)

6-pin Female
Modular Connector

6

1

The operating parameters for Port 1 on the DL250 CPU are fixed.
S 6 Pin female modular (RJ12 phone jack) type connector
S DirectNet (slave), K--sequence protocol
S RS232C, 9600 baud
S Connect to DirectSOFT, D2--HPP, DV1000 or DirectNet master

Port 1 Pin Descriptions (DL250 only)
1 0V Power (--) connection (GND)
2 5V Power (+) connection
3 RXD Receive Data (RS232C)
4 TXD Transmit Data (RS232C
5 5V Power (+) connection
6 0V Power (--) connection (GND)

6-pin Female
Modular Connector

6

1

The operating parameters for Port 2 on the DL240 CPU is configurable using Aux
functions on a programming device.

S 6 Pin female modular (RJ12 phone jack) type connector
S DirectNet (slave), K--sequence protocol
S RS232C, Up to 19.2K baud
S Address selectable (1--90)
S Connect to Direct SOFT, D2--HPP, DV1000, MMI, or DirectNet master

Port 2 Pin Descriptions (DL240 only)
1 0V Power (--) connection (GND)
2 5V Power (+) connection
3 RXD Receive Data (RS232C)
4 TXD Transmit Data (RS232C
5 RTS Request to Send
6 0V Power (--) connection (GND)

6-pin Female
Modular Connector

6

1

Port 1
Specifications

230
5

240
4

250
4

Port 1
Specifications

230
5

240
4

250
5

Port 2
Specifications

230
5

240
4

250
5
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CPU Specifications and Operation

Port 2 on the DL250 CPU is located on the 15 pin D-shell connector. It is configurable
using AUX functions on a programming device.

S 15 Pin female D type connector
S Protocol: K sequence, DirectNet Master/Slave, MODBUS RTU

Master/Slave, Remote I/O
S RS232C, non-isolated, distance within 15 m (approx. 50 feet)
S RS422C, non-isolated, distance within 1000 m
S Up to 38.4K baud
S Address selectable (1--90)
S Connects to DirectSOFT, D2--HPP, operator interfaces, any DirectNet

or MODBUS master or slave

Port 2 Pin Descriptions (DL250 CPU)
1 5V 5 VDC
2 TXD2 Transmit Data (RS232C)
3 RXD2 Receive Data (RS232C)
4 RTS2 Ready to Send (RS--232C)
5 CTS2 Clear to Send (RS--232C)
6 RXD2-- Receive Data -- (RS--422)
7 0V Logic Ground
8 0V Logic Ground
9 TXD2+ Transmit Data + (RS--422)

10 TXD2 -- Transmit Data -- (RS--422)
11 RTS2 + Request to Send + (RS--422)
12 RTS2 -- Request to Send -- (RS--422)
13 RXD2 + Receive Data + (RS--422)
14 CTS2 + Clear to Send + (RS422)
15 CTS2 -- Clear to Send -- (RS--422)

15-pin Female
D Connector

1

5

11

15
10

6

230
5

240
4

250

Port 2
Specifications
5
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CPU Specifications and Operation

Using Battery Backup

An optional lithium battery is available to maintain the system RAM retentive
memory when the DL205 system is without external power. Typical CPU battery life
is five years, which includes PLC runtime and normal shutdown periods. However,
consider installing a fresh battery if your battery has not been changed recently and
the system will be shutdown for a period of more than ten days.

NOTE: Before installing or replacing your CPU battery, back-up your V-memory and
system parameters. You can do this by using DirectSOFT to save the program,
V-memory, and system parameters to hard/floppy disk on a personal computer.

To install the D2--BAT CPU battery in
DL230 or DL240 CPUs:
1. Gently push the battery connector

onto the circuit board connector.
2. Push the battery into the retaining

clip. Don’t use excessive force. You
may break the retaining clip.

3. Make a note of the date the battery
was installed.

To install the D2--BAT--1 CPU battery in the
DL250 CPU:
1. Press the retaining clip on the battery door

down and swing the battery door open.
2. Place the battery into the coin--type slot.
3. Close the battery door making sure that it

locks securely in place.
4. Make a note of the date the battery was

installed.

DL230 and DL240

DL250

WARNING: Do not attempt to recharge the battery or dispose of an old battery by
fire. The battery may explode or release hazardous materials.

The battery can be enabled by setting bit 12 in V7633 ON. In this mode the battery
Low LED will come on when the battery voltage is less than 2.5VDC (SP43) and error
E41 will occur. In this mode the CPU will maintain the data in C,S,T,CT, and V
memory when power is removed from the CPU, provided the battery is good. The
use of a battery can also determine which operating mode is entered when the
system power is connected. See CPU Setup, which is discussed later in this chapter.
Even if you have installed a battery, the battery circuit can be disabled by turning off
bit 12 in V7633. However, if you have a battery installed and select “No Battery”
operation, the battery LED will not turn on if the battery voltage is low.

Enabling the
Battery Backup
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CPU Specifications and Operation

The DL240 and DL250 CPUs have built in DirectNet ports. You can use the
Handheld Programmer to set the network address for the port and the port
communication parameters. The default settings are:

S Station Address 1
S Hex Mode
S Odd Parity
S 9600 Baud

The DirectNet Manual provides additional information about choosing the
communication settings for network operation.

The DL205 CPUs provide certain ranges of retentive memory by default. The default
ranges are suitable for many applications, but you can change them if your
application requires additional retentive ranges or no retentive ranges at all. The
default settings are:

Memory Area
DL230 DL240 DL250

Memory Area
Default Range Avail. Range Default Range Avail. Range Default Range Avail. Range

Control Relays C300 -- C377 C0 -- C377 C300 -- C377 C0 -- C377 C1000 -- C1777 C0 -- C1777

V Memory V2000 -- V7777 V0 -- V7777 V2000 -- V7777 V0 -- V7777 V1400 -- V3777 V0 -- V17777

Timers None by default T0 -- T77 None by default T0 -- T177 None by default T0 -- T377

Counters CT0 -- CT77 CT0 -- CT77 CT0 -- CT177 CT0 -- CT177 CT0 -- CT177 CT0 -- CT177

Stages None by default S0 -- S377 None by default S0 -- S777 None by default S0 -- S1777

You can use AUX 57 to set the retentive ranges. You can also use DirectSOFT

menus to select the retentive ranges.

WARNING: The DL205 CPUs do not come with a battery. The super capacitor will
retain the values in the event of a power loss, but only for a short period of time,
depending on conditions. If the retentive ranges are important for your application,
make sure you obtain the optional battery.

The DL205 CPUs allow you to use a password to help minimize the risk of
unauthorized program and/or data changes. The DL240 and DL250 offer multi--level
passwords for even more security. Once you enter a password you can “lock” the
CPU against access. Once the CPU is locked you must enter the password before
you can use a programming device to change any system parameters.
You can select an 8-digit numeric password. The CPUs are shipped from the factory
with a password of 00000000. All zeros removes the password protection. If a
password has been entered into the CPU you cannot enter all zeros to remove it.
Once you enter the correct password, you can change the password to all zeros to
remove the password protection.
For more information on passwords, see the appropriate appendix on auxiliary
functions.

WARNING: Make sure you remember your password. If you forget your password
you will not be able to access the CPU. The CPU must be returned to the factory to
have the password removed.

Setting the CPU
Network Address

230 240
4

250
5 4

Setting Retentive
Memory Ranges

Password
Protection
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System Design and Configuration

Network Connections to MODBUSR and DirectNet

This section describes how to configure the CPU’s built-in networking ports. for
either MODBUS or DirectNET. This will allow you to connect the DL205 PLC system
directly to MODBUS networks using the RTU protocol, or to other devices on a
DirectNET network. MODBUS hosts system on the network must be capable of
issuing the MODBUS commands to read or write the appropriate data. For details on
the MODBUS protocol, please refer to the Gould MODBUS Protocol reference
Guide (P1--MBUS--300 Rev. B). In the event a more recent version is available,
check with your MODBUS supplier before ordering the documentation. For more
details on DirectNET, order our DirectNET manual, part number DA--DNET--M.
You will need to determine whether the network connection is a 3-wire RS--232 type,
or a 5-wire RS--422 type. Normally, the RS--232 signals are used for shorter
distances (15 meters max), for communications between two devices. RS--422
signals are for longer distances (1000 meters max.), and for multi-drop networks
(from 2 to 247 devices). Use termination resistors at both ends of RS--422 network
wiring, matching the impedance rating of the cable (between 100 and 500 ohms).
RXD+
RXD--
TXD+
TXD--
Signal GND

TXD

RXD

RS--422
Network

RS--232C
Point-to-point
DTE Device 4

3
1

PORT 2
(DL250)
RS--422

9 TXD+
10 TXD--
13 RXD+
6 RXD--
11 RTS+
12 RTS--
14 CTS+
15 CTS--
7 0V

6P6C
Phone Jack

PC/PLC Master
PORT 1 (DL230,240,250)
PORT 2 (DL240)

Termination
Resistor on
last slave only

0V Signal GND
RXD

TXD

Port 1 Pinouts (DL230, DL240,DL250)
1 0V Power (--) connection (GND)
2 5V Power (+) conection
3 RXD Receive Data (RS232C)
4 TXD Transmit Data (RS232C
5 5V Power (+) conection
6 0V Power (--) connection (GND)6-pin Female

Modular Connector

Port 2 Pin Descriptions (DL240 only)
1 0V Power (--) connection (GND)
2 5V Power (+) conection
3 RXD Receive Data (RS232C)
4 TXD Transmit Data (RS232C
5 RTS Request to Send
6 0V Power (--) connection (GND)

15-pin Female
D Connector

1

5

11

15
10

6

Port 2 Pin Descriptions (DL250 CPU)
1 5V 5 VDC
2 TXD Transmit Data (RS--232C)
3 RXD Receive Data (RS--232C)
4 RTS Ready to Send (RS--232C)
5 CTS Clear to Send (RS--232C)
6 RXD -- Receive Data (RS--422)
7 0V Logic Ground
8 0V Logic Ground
9 TXD + Transmit Data + (RS--422)

10 TXD -- Transmit Data -- (RS--422)
11 RTS + Request to Send + (RS--422)
12 RTS -- Request to Send -- (RS--422)
13 RXD + Receive Data + (RS--422)
14 CTS + Clear to Send + (RS--422)
15 CTS -- Clear to Send -- (RS--422)

The recommended cable
for RS422 is Belden
9729 or equivalent.

Configuring
the CPU’s
Comm Ports

230
4

240
4

250

5
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Maintenance and Troubleshooting

Hardware Maintenance
The DL205 is a low maintenance system requiring only a few periodic checks to to
help reduce the risks of problems. Routine maintenance checks should be made
regarding two key items.

S Air quality (cabinet temperature, airflow, etc.)
S CPU battery

The quality of the air your system is exposed to can affect system performance. If
you have placed your system in an enclosure, check to see the ambient temperature
is not exceeding the operating specifications. If there are filters in the enclosure,
clean or replace them as necessary to ensure adequate airflow. A good rule of thumb
is to check your system environment every one to two months. Make sure the DL205
is operating within the system operating specifications.
The CPU has a battery LED that indicates the battery voltage is low. You should
check this indicator periodically to determine if the battery needs replacing. You can
also detect low battery voltage from within the CPU program. SP43 is a special relay
that comes on when the battery needs to be replaced. If you are using a DL240 CPU,
you can also use a programming device or operator interface to determine the
battery voltage. V7746 contains the battery voltage. For example, a value of 32 in
V7746 would indicate a battery voltage of 3.2V.
The CPU battery is used to retain program V memory and the system parameters.
The life expectancy of this battery is five years.

NOTE: Before installing or replacing your CPU battery, back-up your V-memory and
system parameters. You can do this by using DirectSOFT to save the program,
V-memory, and system parameters to hard/floppy disk on a personal computer.

To install the D2--BAT CPU battery in
DL230 or DL240 CPUs:
1. Gently push the battery connector

onto the circuit board connector.
2. Push the battery into the retaining

clip. Don’t use excessive force. You
may break the retaining clip.

3. Make a note of the date the battery
was installed.

To install the D2--BAT--1 CPU battery in the
DL250 CPU:
1. Press the retaining clip on the battery door

down and swing the battery door open.
2. Place the battery into the coin--type slot.
3. Close the battery door making sure that it

locks securely in place.
4. Make a note of the date the battery was

installed.

DL230
and
DL240

DL250

WARNING: Do not attempt to recharge the battery or dispose of an old battery by
fire. The battery may explode or release hazardous materials.

Standard
Maintenance

Air Quality
Maintenance

Low Battery
Indicator

CPU Battery
Replacement
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Maintenance and Troubleshooting

CPU Indicators

The DL205 CPUs have indicators on the front to help you diagnose problems with
the system. The table below gives a quick reference of potential problems
associated with each status indicator. Following the table will be a detailed analysis
of each of these indicator problems.

Indicator Status Potential Problems

PWR (off) 1. System voltage incorrect.
2. Power supply/CPU is faulty
3. Other component such an I/O module has power

supply shorted
4. Power budget exceeded for the base being used

RUN
(will not come on)

1. CPU programming error
2. Switch in TERM position
3. Switch in STOP position (DL250 only)

CPU (on) 1. Electrical noise interference
2. CPU defective

BATT (on) 1. CPU battery low
2. CPU battery missing, or disconnected

LED
Indicators

CPU

CH1

CH2

CH3

CH4

RUN

TERM

RUN
CPU

PWR
BATT

PORT 1

PORT2

DL240
CPU

CPU

RUN
CPU

PWR
BATT

PORT 1

DL230
CPU

RS232C
Communication Port

--DirectSOFT
--Direct NET

--Operator Interfaces

RS232
Programming Port

Mode Switch

Port 1

Port 2

Status Indicators
Mode Switch

Battery Slot
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Maintenance and Troubleshooting

PWR Indicator

There are four general reasons for the CPU power status LED (PWR) to be OFF:
1. Power to the base is incorrect or is not applied.
2. Base power supply is faulty.
3. Other component(s) have the power supply shut down.
4. Power budget for the base has been exceeded.

If the voltage to the power supply is not correct, the CPU and/or base may not
operate properly or may not operate at all. Use the following guidelines to correct the
problem.

WARNING: To minimize the risk of electrical shock, always disconnect the system
power before inspecting the physical wiring.

1. First, disconnect the system power and check all incoming wiring for loose
connections.

2. If you are using a separate termination panel, check those connections to
make sure the wiring is connected to the proper location.

3. If the connections are acceptable, reconnect the system power and
measure the voltage at the base terminal strip to insure it is within
specification. If the voltage is not correct shut down the system and correct
the problem.

4. If all wiring is connected correctly and the incoming power is within the
specifications required, the base power supply should be returned for
repair.

There is not a good check to test for a faulty CPU other than substituting a known
good one to see if this corrects the problem. If you have experienced major power
surges, it is possible the CPU and power supply have been damaged. If you suspect
this is the cause of the power supply damage, a line conditioner which removes
damaging voltage spikes should be used in the future.

Incorrect Base
Power

Faulty CPU
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9--12
Maintenance and Troubleshooting

It is possible a faulty module or external device using the system 5V can shut down
the power supply. This 5V can be coming from the base or from the CPU
communication ports.

To test for a device causing this problem:
1. Turn off power to the CPU.
2. Disconnect all external devices (i.e., communication cables) from the CPU.
3. Reapply power to the system.

If the power supply operates normally you may have either a shorted device or a
shorted cable. If the power supply does not operate normally then test for a module
causing the problem by following the steps below:
If the PWR LED operates normally the problem could be in one of the modules. To
isolate which module is causing the problem, disconnect the system power and
remove one module at a time until the PWR LED operates normally.
Follow the procedure below:

S Turn off power to the base.
S Remove a module from the base.
S Reapply power to the base.

Bent base connector pins on the module can cause this problem. Check to see the
connector is not the problem.

If the machine had been operating correctly for a considerable amount of time prior
to the indicator going off, the power budget is not likely to be the problem. Power
budgeting problems usually occur during system start-up when the PLC is under
operation and the inputs/outputs are requiring more current than the base power
supply can provide.

WARNING: The PLC may reset if the power budget is exceeded. If there is any doubt
about the system power budget please check it at this time. Exceeding the power
budget can cause unpredictable results which can cause damage and injury. Verify
the modules in the base operate within the power budget for the chosen base. You
can find these tables in Chapter 4, Bases and I/O Configuration.

Device or Module
causing the Power
Supply to
Shutdown

Power Budget
Exceeded
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Maintenance and Troubleshooting

RUN Indicator

If the CPU will not enter the Run mode (the RUN indicator is off), the problem is
usually in the application program, unless the CPU has a fatal error. If a fatal error
has occurred, the CPU LED should be on. (You can use a programming device to
determine the cause of the error.)
If you are using a DL240 or DL250 and you are trying to change the modes with a
programming device, make sure the mode switch is in the TERM position.
Both of the programming devices, Handheld Programmer and DirectSOFT, will
return a error message describing the problem. Depending on the error, there may
also be an AUX function you can use to help diagnose the problem. The most
common programming error is “Missing END Statement”. All application programs
require an END statement for proper termination. A complete list of error codes can
be found in Appendix B.

CPU Indicator
If the CPU indicator is on, a fatal error has occurred in the CPU. Generally, this is not
a programming problem but an actual hardware failure. You can power cycle the
system to clear the error. If the error clears, you should monitor the system and
determine what caused the problem. You will find this problem is sometimes caused
by high frequency electrical noise introduced into the CPU from an outside source.
Check your system grounding and install electrical noise filters if the grounding is
suspected. If power cycling the system does not reset the error, or if the problem
returns, you should replace the CPU.

BATT Indicator
If the BATT indicator is on, the CPU battery is either disconnected or needs
replacing. The battery voltage is continuously monitored while the system voltage is
being supplied.

Communications Problems
If you cannot establish communications with the CPU, check these items.

S The cable is disconnected.
S The cable has a broken wire or has been wired incorrectly.
S The cable is improperly terminated or grounded.
S The device connected is not operating at the correct baud rate (9600

baud for the top port. Use AUX 56 to select the baud rate for the bottom
port on a DL240 and DL250).

S The device connected to the port is sending data incorrectly.
S A grounding difference exists between the two devices.
S Electrical noise is causing intermittent errors
S The CPU has a bad communication port and the CPU should be

replaced.
If an error occurs the indicator will come on and stay on until a successful
communication has been completed.
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Noise Troubleshooting

Noise is one of the most difficult problems to diagnose. Electrical noise can enter a
system in many different ways and fall into one of two categories, conducted or
radiated. It may be difficult to determine how the noise is entering the system but the
corrective actions for either of the types of noise problems are similar.

S Conducted noise is when the electrical interference is introduced into
the system by way of a attached wire, panel connection ,etc. It may
enter through an I/O module, a power supply connection, the
communication ground connection, or the chassis ground connection.

S Radiated noise is when the electrical interference is introduced into the
system without a direct electrical connection, much in the same manner
as radio waves.

While electrical noise cannot be eliminated it can be reduced to a level that will not
affect the system.

S Most noise problems result from improper grounding of the system. A
good earth ground can be the single most effective way to correct noise
problems. If a ground is not available, install a ground rod as close to
the system as possible. Insure all ground wires are single point grounds
and are not daisy chained from one device to another. Ground metal
enclosures around the system. A loose wire is no more than a large
antenna waiting to introduce noise into the system; therefore, you
should tighten all connections in your system. Loose ground wires are
more susceptible to noise than the other wires in your system. Review
Chapter 2 Installation, Wiring, and Specifications if you have questions
regarding how to ground your system.

S Electrical noise can enter the system through the power source for the
CPU and I/O. Installing a isolation transformer for all AC sources can
correct this problem. DC sources should be well grounded good quality
supplies. Switching DC power supplies commonly generate more noise
than linear supplies.

S Separate input wiring from output wiring. Never run I/O wiring close to
high voltage wiring.

Electrical Noise
Problems

Reducing
Electrical Noise
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WARRANTY REGISTRATION
Please copy the information from the data sheet supplied with your manual. 

Type of Equipment: Serial Number:

ASDI Sales Order #: Order Date:

Purchased By:

To help us provide better service to you, please fill out this warranty registration form and retur n
it to us.  Keep a copy for your records.

This will register your recent purchase and aide us in tracking the performance of your
equipment.  Please help us with a small amount of information about your company and about
how you are using  the equipment.  Contact us via phone, fax, or email if you have a question,
problem, or concern about your equipment.  Please have the type of equipment and serial
number available so we can give you accurate information.

End Customer/Company Name:

Address: Tel:
City: State: Zip: Fax:

Name of individual to contact for follow up information:

When was the equipment put in service? /     /

Usage - Circle one: Base Load Standby System

Peak Shaving Other please specify:

Application - Circle one: Agriculture: Poultry Livestock Grain drying

Commercial: Restaurant Hospital School
Industrial : Construction Automotive Glass/ceramics

Other: Please specify:

Note: If you have more than one piece of our equipment, fill out one warranty sheet and staple
the others to it,  we’ll do the rest.

1140 NW 46 Street                                             Tel: 206.789.5410 email: sales@algas-sdi.com
Se at tle Wash ing ton  98107 USA Fax: 206.789.5414 Inter net: www.algas-sdi.com

...Innovative liquid vaporizing and gas mixing solutions







Algas-SDI International, LLC
1140 NW 46th Street
Seattle, Washington 98107
USA

Ph.: 1.206.789.5410
Fax.: 1.206.789.5414

www.algas-sdi.com
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