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Fort Washington Way Pump Station 
 

Operational Description 

 
The Fort Washington Way Pump Station (FWWPS) collects all storm water runoff from the Fort 
Washington Way Roadway. The pump station is used to pump rainwater and general run-off from 
Fort Washington Way Roadway to the Ohio river.  The FWWPS is designed to pump up to 47,000 
gallons of water per minute.  
 
Pump Station System Description 
 
The pump station consists of three chambers described as the Wet Well Pumping Chamber, 
Discharge Chamber and the Control Room Chamber. All chambers are located below street level 
grade at the intersection of 2nd and Vine streets. See Exhibit 1 for schematic and aerial view of the 
entrance locations.  
 
The chambers are accessible through a combination of double door and single door, flush framed, 
sidewalk mounted hatch openings. The chambers are OSHA Regulated Confined Spaces. Confined 
Space Entry (CSE) placards warn potential entrants that only those individuals trained for CSE may 
enter using appropriate entry safeguards. The Wet Well Chamber is monitored for Percent of Lower 
Explosive Limit (LEL) in the event of a roadway Fuel or Hazardous Cargo spill that may create an 
explosive atmosphere. The Control Room Chamber is monitored for Oxygen (O2) percent and Carbon 
Monoxide (CO) parts per million (ppm) for safety of CSE occupants while working in the space. The 
monitoring system is a GasGuard XL manufactured by MSA. A diagram of the pump station 
Ventilation Plan Schematic is attached in Exhibit 1.  See Appendix A for complete information on 
the MSA GasGuard XL atmospheric monitoring system. The initial calibration records for the 
GasGuard XL are also found in Appendix A. 
 
The pump station power is normally supplied from the local electric utility using a three phase, 480-
volt, 1200 FLA main disconnect located in the Control Room Chamber. Backup Emergency Backup 
power is supplied by a 750 kVA CAT Diesel Generator and Automatic Transfer Switch located on the 
north side entrance drive to the Underground Metro Bus Terminal, just North of Paul Brown 
Stadium. This location is approximately 4 city blocks west of the FWWPS. Appendix B contains 
detailed information for the Emergency Backup Power System.   
 
The station operates automatically using an integrated control system combined with an electrically 
actuated discharge sluice gate. These control apparatuses combined with a total of 5 pumps are 
installed in the Wet-Well Chamber and the Control Room Chamber. The five pumps are described as:  
 

• Sump Pump (2 HP) - used during dry weather run-off pumping 

• #1 Low Flow Pump (20 HP) - used for wet weather and dry weather, Ohio River flooding and 
non-river flooding run-off pumping.   
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• #2,3 & 4 High Flow Pumps (174 HP) – used during Ohio River flooding run-off pumping. 
These pumps are High Volume Low Head pumps. 

 
The pumps are accessible for maintenance through flush mounted, precast concrete sidewalk 
covers. A crane must be utilized to remove the precast concrete covers. Details of the FWWPS 
automation and controls are described below.   
 
 
Pump Station Operating Conditions 
 
There are two operating conditions described as Normal Operating Condition (NOC) or Ohio River 
Flood Stage Condition (ORFSC). The station operates automatically under NOC unless Ohio River 
elevations require the station to be switched to ORFSC. During ORFSC, personnel are required to 
ensure safe operation and sequence of the automated controls. Ohio River Stage (ORS) conditions 
affect the operating condition of the FWWPS. Normal river pool level at this location is 26.4’ ORS.  
The station operates under NOC between 26.4’- 54.9’ ORS. FWWPS must be placed in ORFSC mode 
by 55.0’ of ORS. ORFSC mode commences by fully closing the sluice gate in preparation of pumping 
runoff & stormwater.  
  
FWWPS is regulated between NOC and ORFSC using an electrically operated sluice gate equipped 
with manual operator override.  The sluice gate is equipped with an electric actuator with a 4-20 mA 
position signal. The sluice gate position signal is communicated to a display mounted on the dead 
front control panel door located in the Control Room Chamber. The display will read the gate 
position between 100%-0% of open/close respectively allowing operators to see the movement of 
the gate when travelling. Programable relay outputs will allow the control relays to lock out various 
functions between NOC and ORFSC and allow permissible operator adjustment. The sluice gate 
actuator also has limit switch outputs used to report fully open or closed gate position on the 
display.  
 
The sluice gate is normally open during NOC and must be closed to operate the station under ORFSC. 
During NOC runoff travels through a trough into the Wet-Well area through the opening controlled 
by the sluice gate emptying into the Discharge Chamber. On the River side of the sluice gate 
opening, the discharge chamber empties into two 36” pipes leading to the Ohio River outfall. At 
55.0’ Ohio River Stage (ORS) FWW must be placed in ORFSC mode by fully closing the sluice gate in 
preparation of pumping runoff & stormwater.   
 
The Control Room Chamber contains the FWWPS control system with which operates the entire 
pump station automatically or with qualified operator involvement. The Sump Pump utilizes an 
across the line (ACL) motor starter only, the remaining pumps (#1-4) utilize solid state starters (SSS) 
with bypass contactors enabling selectable switching between SSS/ACL starting capability. The ACL 
feature will enable a qualified operator to override the SSS in the event of a failure. This feature is 
designed for emergency use only to operate pumps during a flood event. The SSS should be utilized 
unless it becomes disabled to allow for the pumps to ramp start which reduces inrush current. The 
SSS will also allow the pumps to soften severe loads on bearings and seals and reduce utility peak 
demand charges. The SSS play an important role if required to start the pumps using the backup 
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generator should utility power be unavailable. Pump starting time delays are integrated in the 
automatic control system purposely to avoid pump starting of the large motors at the same time. 
Attempting to start all motors at the same time creates stress loads on the power system and may 
stall the generator if in use during a power outage. Each timer is adjustable from 0-seconds to 10 
minutes. The minimum delay is 30 seconds between each motor initial start. This delay occurs on the 
initial power up sequence and does not continue once the station is operational continuously. Once 
the initial starting sequence begins, the pump motors will start automatically without time delay as 
demanded by the Primary Level Control and the alternation sequence. A high-level alarm will initiate 
the back up float control in the event the Primary Level Control System fails. Appendix C contains 
complete information for the FWW PS Automated Control System. The information includes 
Control Panel BOM, Single Line Wiring Schematic, SSS O&M Manual, & Manufacturers Component 
Information. 
 
 
Pump & Motor Maintenance Considerations 
 
Care should be taken when “Bumping” submersible pump motors with SSS starters. “Dry Running” 
the hydraulic end can damage mechanical seals. Drying running should be limited to under 30 
seconds when “Bumping” motors for maintenance. Experience has shown a Submersible pump left 
in storage (inactive) for 24 months requires a bearing change before placing in service. The bearings 
are pre-loaded on the shaft. Microscopic brinelling may occur if the bearing remains static on the 
motor shaft for 24 months. The solution is to move the rotating element even a small amount by 
hand causing shifting of the bearing to shaft contact points. At a minimum quarterly calendar turning 
of the shafts is required to prevent brinelling. The same is true for the Sluice Gate Actuator. 
Periodically, the gate should be run full closed then back open. Check for deposits of grit in the gate 
frame and remove them before cycling the gate 
 
 
Normal Operating Condition (NOC) 
 
During NOC the Sump maintains the pumping of any dry weather run-off from the roadway. The 
Sump Pump is situated in an independent sump at a lower elevation than the main Wet-Well floor 
elevation allowing the pumps #1-4 to sit on a dry floor during dry weather roadway run-off 
conditions. The Sump Pump controls are independent of all other pumps controls and use an Opti-
Float Fiber Optic system to control Start/Stop sequence in Auto. During wet weather conditions the 
#1 Low Flow Pump may be called automatically to operate and help maintain the wet well level 
along with the Sump Pump. The #1 Low Flow Pump operates automatically using a liquid level 
transducer controlled by the Primary Level Control System. The level of the wet well is displayed in 
feet on a digital display panel in the Pump Station Control Room. Should the Transducer fail, a 
backup mechanical float system will engage using Opti-Float fiber optic floats. The Sump Pump and 
#1 Low Flow Pumps are permitted to automatically operate under NOC with the sluice gate in the 
open position.  
 
 
ORFSC Operating Condition 
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During ORFSC ODOT must be notified of the FWWPS going online. The notification process will 
begin at ORS 52.0’. The contact information for notification is found in Appendix C. 
 
This condition requires the sluice gate to be fully closed in order to operate the # 1 Low Flow Pump 
and #2, 3, & 4 High Flow Pumps in automatic mode using the Primary Level Control. The operator 
will close the sluice gate and confirm the gate is closed by checking the display status. The pumps #1-
4 are then placed in Auto mode. The operator will remain on site to assure proper operation. The #1 
Low Flow Pump will remain operable using the Primary Level Control. The #1 Low Flow Pump will 
operate during ORFSC to maintain the wet well level for dry weather run-off conditions. Wet 
weather run-off conditions during ORFSC will call for the #2, 3, & 4 High Flow pumps to operate 
automatically as demand increases using the Primary Level Control. The High Flow Pumps will 
alternate sequence start/run from demand of the Primary Level Control.  An alternator cycles the 
pumps lead, lag & lag lag sequencing then rotate positions automatically if everything is normal. The 
alternator has a switch to allow operator defined control. For example, #2 pump has an issue, select 
1,3,2 as sequence so pumps #1 & #3 operate first. Turn #2 off so it will not operate if called for. 
Turning a pump to off with Alternator in Auto merely delays a pump start to the next operating level. 
At the end of a flood event open the Sluice Gate use #1 pump to pump down as much as possible 
then let the Sump Pump take over. Inspect Wet-Well floor for debris pickup and clean as needed 
remove all plastic bottles, jugs and floatables to avoid damaging Sump Pump. Occasionally a Vactor 
Truck may be needed if the Flood period was for an extended period.    
 
 



 

 

 

 

 

 

 

 

 

 

 

Exhibit 1 

 

FWW Tunnel Schematic 
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MSA GasGuard XL Information  

 



 
CALIBRATION REPORT 

 
 

Company Name; Allied Technical Services INC. FWW Flood PS Copy of calibration report to;  Doug Sayre 

Worked with; Doug Sayer   
Date Calibration Performed;          

03-13-20 
 

Calibrated By; Kevin Raitz 

Sensor 

Type 

MFG 

Date 
Location 

As Found As Left 
Comments 

Zero Span Zero Span 

LEL 20 LEL#1 0 48 0 50 Alarms set at A1 15 LEL, A2 25 LEL 

LEL 20 LEL #2 0  49 0  50 Alarms set at A1 15 LEL, A2 25 LEL 

O2 20 Oxygen 0 21.0 0 20.8 Alarms set at A1 19.5 %, A2 25. 0% 

CO 20 CO 7 63 0 60 Alarms set at A1 15 ppm, Alarm 2 25 ppm 
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THIS MANUAL MUST BE CAREFULLY READ BY ALL INDIVIDUALS WHO HAVE OR WILL

HAVE THE RESPONSIBILITY FOR USING OR SERVICING THE PRODUCT. Like any piece

of complex equipment, this instrument will perform as designed only if it is used and serv-

iced in accordance with the manufacturer’s instructions. OTHERWISE, IT COULD FAIL TO

PERFORM AS DESIGNED AND PERSONS WHO RELY ON THIS PRODUCT FOR THEIR

SAFETY COULD SUSTAIN SEVERE PERSONAL INJURY OR DEATH.

The warranties made by Mine Safety Appliances Company with respect to the product are

voided if the product is not used and serviced in accordance with the instructions in this

manual. Please protect yourself and others by following them. We encourage our cus-

tomers to write or call regarding this equipment prior to use or for any additional infor-

mation relative to use or repairs.

"! WARNING



MSA Permanent Instrument Warranty
1. Warranty- Seller warrants that this product will be free from

mechanical defect or faulty workmanship for a period of 18 months
from date of shipment, or one year from installation, whichever
occurs first, provided it is maintained and used in accordance with
Seller's instructions and/or recommendations. This warranty does
not apply to expendable or consumable parts whose normal life
expectancy is less than one year such as, but not limited to, non-
rechargeable batteries, filament units, filter, lamps, fuses etc. The
Seller shall be released from all obligations under this warranty in
the event repairs or modifications are made by persons other than
its own or authorized service personnel or if the warranty claim
results from physical abuse or misuse of the product. No agent,
employee or representative of the Seller has any authority to bind
the Seller to any affirmation, representation or warranty concerning
the goods sold under this contract. Seller makes no warranty
concerning components or accessories not manufactured by the
Seller, but will pass on to the Purchaser all warranties of
manufacturers of such components.
THIS WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES,
EXPRESSED, IMPLIED OR STATUTORY, AND IS STRICTLY
LIMITED TO THE TERMS HEREOF. SELLER SPECIFICALLY
DISCLAIMS ANY WARRANTY OF MERCHANT ABILITY OR OF
FITNESS FOR A PARTICULAR PURPOSE.

2. Exclusive Remedy- It is expressly agreed that Purchaser's sole
and exclusive remedy for breach of the above warranty, for any
tortious conduct of Seller, or for any other cause of action, shall be
the repair and/or replacement at Seller's option, of any equipment
or parts thereof, which after examination by Seller is proven to be
defective. Replacement equipment and/or parts will be provided at
no cost to Purchaser, F.O.B. Seller's Plant. Failure of Seller to
successfully repair any non-conforming product shall not cause the
remedy established hereby to fail of its essential purpose.

3. Exclusion of Consequential Damage- Purchaser specifically
understands and agrees that under no circumstances will seller be
liable to purchaser for economic, special, incidental or
consequential damages or losses of any kind whatsoever, including
but not limited to, loss of anticipated profits and any other loss
caused by reason of non-operation of the goods. This exclusion is
applicable to claims for breach of warranty, tortious conduct or any
other cause of action against seller.
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Chapter 1, 
Product Introduction

Correct Use

The GasGard XL Wall Mount Controller is a compact control unit that:

• connects with up to eight active combustible, toxic and/or 
oxygen sensors

• is used to monitor indoor industrial locations for the presence of
combustible, explosive, toxic gases or air/vapor mixtures and
oxygen content

• provides power to the sensors, signal conditioning and display of
measured gas concentrations, alarm thresholds, outputs for alarm
devices and self monitoring diagnostics

• is suitable for many applications and industrial areas
• provides simple installation, easy editing and copying functions
• is ideal for smaller, independent gas warning systems.

The user must carefully read and observe:

• this operating manual, particularly, the safety, use and operating
instructions

• the national regulations applicable in the user's country, including
requirements specific to explosive risk approval.

Use or alterations outside these instructions is considered as 
non-compliance.

This product is supporting life and health. Incorrect use,
maintenance or servicing can affect its function and seri-
ously compromise the user’s life. When turned ON for the
first time, the controller performs a self-check. Do Not use
the monitor if it fails the self-check, which is indicated by a
failure light. Do Not use the monitor if it is damaged, improp-
er servicing/maintenance has been performed, or if genuine
MSA spare parts have not been used.

" WARNING
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Chapter 2, 
Description

General Overview

The general-purpose control system enables:

• Combustible gas monitoring 
• for protecting operational plants and workers by monitoring

atmospheres for potentially explosive gases/vapors in air
before they reach the lower explosion limit and by activating
alarms and initiating risk aversion measures.

• Oxygen monitoring 
• for protecting individuals by monitoring the atmosphere for

oxygen deficiency or oxygen enrichment.
• Toxic gas monitoring 

• for protecting individuals by continuously monitoring the
atmosphere for toxic gas concentrations. 

NOTE: An alarm activates if set limit values are reached 
(e.g. minimum/ maximum concentration in the atmosphere).

Typical applications are:

• Chemical and petrochemical industry
• Paint and solvent industry
• Gas-processing industry
• Municipal areas.
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Control Unit

Wall Mount Enclosure

The Control Unit:

• is housed in an ABS enclosure in accordance with IP 56 
and NEMA 4X

• dimensions are 515 mm x 277 mm x 129 mm (20 x 11 x 5 inches)
• cable entry points are not provided, but are are predesigned on the

bottom of the enclosure (0.75" or M20)
• front panel is molded with predesigned holes for fully equipped

configuration (eight channels)
• is mounted by four screws (1/4 - 20 or M6). 

Figure 2-1. Enclosure

1 Power Supply 5 Cable entries 

2 Channel Relay Board 6 Backup Battery

3 Channel Board  7 Enclosure with mounting holes

4 Sensor Extension Board 
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Power Supply

• The 100 W power supply accepts main AC and DC power. 
• In case of loss of main power, the power supply automatically

switches to backup battery. 
• Power source for detector is 24 VDC.

Backup Battery

Two batteries in series (12 VDC/2.2 Ah lead acid) can be used in the
Control Unit as an option. The batteries supply 20 minutes of backup for
eight catalytic combustible sensors. 

To activate battery backup, the pc software must be configured. Go to
Settings, Service Function, Device Settings. Check the Battery Backup
box to activate, save and then download settings to the Control Unit.

Do not use primary non-rechargeable batteries.

Operation under back-up power is indicated by the Power LED blinking
on the front panel. 

Main Board

The Main board microcontroller includes:

• watchdog
• internal buzzer (85 dB)
• standard common outputs 
• battery charger circuit.

All necessary information is stored on the Main board.

The following communications are possible:

• 1 Ethernet configurable for ModBus TCP/IP (galvanically isolated)
• 1 RS485 configurable for ModBus RTU (galvanically isolated)
• 1 USB configurable for ModBus RTU.

NOTE: Communication doesn’t interfere with operation of the
Control Unit.
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• For SCADA visualization software, all three interfaces can be used. 
• For service access, as a safety precaution, only the two ModBus

RTU communications can be used.

Standard common outputs are incorporated:

• two SPDT (Single Pole Double Throw) relays common alarm
(ALARM 1 and ALARM 2)

• one DPDT (Double Pole Double Throw) relay common fault
• two addressable common horn relays.

Display Board

The Display board, located on the back side of the lid, includes:

• microcontroller
• watchdog
• push buttons 
• graphic display (128x64).

Sensor Extension Board

The sensor extension board is used to:

• attach channel boards
• connect internal communication.

NOTE: See Chapter 3, "Sensor Connection".

Channel Board

The channel boards are set to communicate with 4-20 mA transmitters.  

Every board:

• includes four LEDs (A1, A2, Status, Power) 
• attaches to the Channel connectors 

(four on the Main board, four on the Sensor Extension board). 

Sensor power and connection is designed as "fail-safe" 
(wrong connection/configuration does not damage the remote sensor).
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Channel Relay Board

Every Channel Relay board:

• provides eight output relays
• is connected to the Main board or Sensor Extension board (one by

one) via connectors. 

Relays are fully user-configurable from the front panel or connected PC
via configuration software.

Two optional SPDT (Single Pole Double Throw) relays per channel
(eight relays per four channels) are configurable for individual alarms:

• Normally open/closed
• Normally energized/de-energized
• Latching/non latching
• Increasing/decreasing
• N out of m voting
• Grouping

NOTE: Contacts are resistive load.



Front Panel

The Front Panel enables communication with the Control Unit 
and is used to:

• monitor the status of all connected field sensors
• determine system settings
• configure all settings.

Graphic Display

The Control Unit has  a large, 128 x 64 pixel graphic display which
shows information for all channels. See Chapter 4 for symbol
explanation.

Figure 2-3.Graphic Display

Figure 2-2. Front Panel

1 Common LEDs 4 Alarm Acknowledgement

2 Alarm Reset 5 Graphic Display

3 Control Push Buttons 6 Channel Status Info LEDs

2-6
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Control Push Buttons

Using the control push buttons, the user can operate the menu prompt
as shown below. For more information, see Chapter 4.

Channel Status Info LEDs

Each of the eight Control Channels has four LEDs for monitoring unit
operating status. 

Figure 2-4. Channel Status Info LEDs

Right button [ ↵ ]

Up Button [ � ]

Left button [ ESC ] 

Down button [ � ]

Alarm Acknowledgement

Alarm Reset
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1. The green Power LED: 
Channel is powered and enabled by the system.

2. The yellow Status LED: 
Channel is in a fault condition. 
• Blinking LED (0.5 Hz):

Channel is disabled.
3. The red Alarm 1 LED: 

First alarm level is reached. It further indicates the specific status:
• 4 Hz blinking:

First alarm level is reached, but not yet acknowledged 
• Steady:

First alarm level is acknowledged, but still inside alarm range
• 0.5 Hz blinking:

First alarm is configured as latching. Measured value is out of
alarm level and not yet reset.

4. The red Alarm 2 LED: 
Second alarm level is reached. It further indicates specific status:
• 4 Hz blinking:

Second alarm level is reached, but not yet acknowledged
• Steady:

Second alarm is acknowledged, but still inside alarm range
• 0.5 Hz blinking:

Second alarm is configured as latching. Measured value is out
of alarm level and not yet reset.
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Unit Status Info LEDs

1. Green Power LED:
Control Unit is powered.
• Blinking LED:

battery power supply.
2. Yellow Failure LED:

Sensor is in fault condition.
3. Yellow System LED:

Control Unit has a system fault.

Figure 2-5. Unit Status Info LEDs
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Chapter 3, 
Installation

NOTE: Reference shipping documents and carton label to check that
delivered components are correct before installation.

• The installation location for the Control Unit must be outside the
potentially explosive area and free of corrosive gases. 

• Sensors for use in the potentially explosive area must have the
appropriate approval and be installed in accordance with all
relevant local and national regulations.

• The gas warning system must be installed by qualified personnel
after reading the supplied documentation.

• All relevant local and national regulations and instructions must be
observed.
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Mechanical Installation

Mount the Control Unit as follows:

1. Mark holes for the four fixing screws as shown in FIGURE 3-1.
2. Drill four holes of appropriate diameter for the wall plugs.
3. Lift the front panel from the enclosure.
4. Attach the unit to the wall with the appropriate screws.
5. Return the lid to the resting position.

Electrical Installation

The control system must be installed in compliance with 
applicable regulations; otherwise, an unsafe condition may
exist.

During installation, use the internal earth connection to ground the
instruments.

" CAUTION

Figure 3-1. Mounting Drawing [dimensions in inches (mm)]
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If an external earth connection is permitted or demanded by the
local authorities, it serves merely as additional earthing.

• Select an installation location that complies with the environmental
conditions indicated in the technical data.

• When installing the Control Unit, the following conditions must be
met to comply with the European EMC Directive
• A fault-free ground or fault-free potential bonding conductor

must be provided when connecting devices to the main 
power supply.

• Ensure an appropriate supply voltage in accordance with 
EMC directives.

• If the devices are supplied from a direct voltage (DC) source,
the supply cable must be shielded.

• All sensor and control cables must be shielded.
• Shielded cables must have at least 80% coverage.

• Control and sensor cables must be installed physically
separate from power supply cables.

• Shielded cables must be laid in a group. If cable lengths are to
be extended using terminal boxes, the boxes must be shielded
and internal connections must be kept as short as possible.

• The control system can be simultaneously connected to 
AC voltage and 24 VDC (to enable an automatic power switch
to 24 VDC voltage if the AC main supply fails).

Power Supply

• Standard power supply 110-230 VAC/24 VDC (100 W) is used to
power internal circuits and attached sensors.

• A switch or circuit-breaker shall be included in the building
installation in close proximity to the equipment and within easy
reach of the operator. It shall be marked as the disconnecting
device for the equipment.

• Main voltage is connected to terminal L (Line), N (Neutral), and
ground.
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Sensor Connection

• The sensor must be connected to the terminals on the Main board
or Sensor Extension board (See Appendices C and D for details).

Follow the instructions for components subject to damage
from static electricity!bb

• Incorrect connection of the sensors will not damage the Control
Unit or the sensor.

• The wiring diagrams for different sensors are shown in Appendix B.
The sensors must be connected to the terminals using shielded
cables.

• For the number of wires and the maximum cable length for each
sensor type, refer to the specific sensor operating manual.

Figure 3-2. Connecting the Main Supply

" CAUTION
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Operation

The integrated operation/display unit:

• is the control system user interface 
• displays alarms, warnings, and system parameters.

• Connecting the operating unit to a PC enables a user-friendly
operator interface.

• Input fields are set up as selection fields as much as possible,
with all known inputs displayed. Selection is cursor-controlled
for easy display unit use.

Basic Screen

The basic screen displays information about active channel status
(active, inhibit, and in service) including information about the system
(system date and time).

Figure 4-1. Basic Screen

1 System Date 5 Actual Value 

2 FlameGard Status 6 Battery Status

3 Channel Number 7 Status Information

4 System Time 8 Events Archive

4-1
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• System Date and Time: 
Actual preset values for events archive (default is DD/MM)

• Channel Number: 
Position of the channel board [counted from left to the right on the
Main board (1 … 4) and the Sensor Extension board (5 … 8)].

• Status Information: 
Information about channel status (alarm, fault, in service, etc.; 
see symbols)

• Actual Value: 
Measured value of gas concentration.

• Events Archive: 
Last 700 events (alarms, alarm acknowledgement and reset, faults,
calibrations, etc.) are stored in memory and can be user-restored.

Status Info Symbols

In Service:
Displays if channel is in service mode (calibration)

Internal Channel Fault:
Displays if Channel board has a system fault

Sensor Fault:
Displays if a sensor connection is broken or shorted or
if signal falls below -10% of full scale

Underrange: 
Displays if channel signal is below the range 
(less than -5 % of full scale)

Overrange:
Displays if  channel signal is above the range 
(more than 105 % of full scale).

Alarm 2:
Displays if  alarm level is reached

Alarm 1:
Displays if  alarm level is reached 
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• If FlameGard is connected to the mA Channel board, the basic
screen contains additional symbols for FlameGard status:

• The channel where an alarm condition is reached first is identified
by blinking value.

Alarm - FlameGard Detector is in second alarm 
condition

Warning - FlameGard Detector is in the first alarm 
condition

FlameGard Detector is connected – No Flame

Battery not included

Battery included but discharged
(Symbol starts blinking if battery cable disconnected)

Battery included and fully charged

TWA Alarm:
Displays if TWA alarm is reached

STEL Alarm:
Displays if STEL alarm is reached

Inhibit:
Displays if channel is inhibited
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Controls

Located on the front panel are four control push buttons for Control Unit
operation and configuration.

SYMBOL PRESS BUTTON 
TO CAUSE UNIT TO:

ENTER: enter a lower menu or accept the change

RESET: reset alarm relays to normal operating 
conditions when a measured value 
drops below the latching alarm level

ACKNOWLEDGEMENT: disable the audible signal when alarm occurs

ESCAPE: exit the upper menu or cancel the change

DOWN: advance the cursor to the next position

UP: change values/options
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Using the Hotkeys

Pressing some of the front panel control push buttons for a longer
period accesses some additional basic screen features.

• LCD display
• LEDs
• internal buzzer.

After the selftest, the firmware version of all assigned boards displays:

• C1 …C8  - Channel boards
• R1 … R2 - Relay boards
• D- Display board
• M – Main board.

ESCAPE:
Pressing button for five seconds starts the GasGard
XL Selftest Process, testing the:

UP:
Pressing button for five seconds changes the
language from English to one of 10 local languages
and back



4-6

Viewing Channel Information

NOTE: To change gas type, unit of measure or alarm levels, see the
Quick Startup Guide (P/N 10095757) or Chapter 6.

The next screen (above) shows channel information as:

1 - Channel number 4 - Measured gas value and unit or channel state

2 - Measured gas 5 - Preset alarm levels

3 - Active Channel Symbol

3. Press [ENTER] to confirm.

2. Select the channel by pressing [DOWN] 

1. Viewing the Basic Screen, press [ENTER].
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Viewing Events Archive

4. Scroll the Events Archive by pressing [DOWN] or [UP].

The next screen (above) shows channel information as:

1 - Event Date 3 - Channel Identification
2 -Event Time 4 - Event Description

3. Press [ENTER] to confirm.

2. Select the Event Archive button by pressing [DOWN] 

1. Viewing the Basic Screen, press [ENTER].
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List of Assigned Events

00 Device Turned On 27 Master Calibration Saved

01 Communication  OFF 28 New Calibration Saved

02 Communication  ON 29 Coil Relay 1 FAULT

03 Board Reset 30 Coil Relay 2 FAULT

04 Alarm1  ON 31 Coil Relay 3 FAULT

05 Alarm1  OFF 32 Coil Relay 4 FAULT

06 Alarm1 Acknowledgement 33 Coil Relay 5 FAULT

07 Alarm1 Reset 34 Coil Relay 6 FAULT

08 Alarm2  ON 35 Coil Relay 7 FAULT

09 Alarm2  OFF 36 Coil Relay 8 FAULT

10 Alarm2 Acknowledgement 37 Main Power Supply OFF

11 Alarm2 Reset 38 Main Power Supply  N

12 UnderRange 39 Low Battery

13 OverRange 40 Battery FAULT

14 STEL alarm  ON 41 Common Coil Relay Horn2 FAULT

15 STEL alarm  OFF 42 Common Coil Relay Horn1 FAULT

16 STEL alarm Acknowledgement 43 Common Coil Relay Alarm2 FAULT

17 TWA alarm  ON 44 Common Coil Relay Alarm1 FAULT

18 TWA alarm  OFF 45 Common Coil Relay Fault FAULT

19 TWA alarm Acknowledgement 46 RAM Check FAULT

20 Sensor FAULT 47 ROM Check FAULT

21 System FAULT 48 System Password entered

22 Start of Calibration 49 Calibration Password entered

23 ZG accepted 50 Read  FAULT

24 SG accepted 51 Write  FAULT

25 FAULT of ZG result

26 FAULT of SG result
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Chapter 5, 
Configuration

All GasGard XL Control Unit parameters can be configured by using:

• front panel control push buttons 
• configuration software tool (see Chapter 6).

Two menus allow the user to change unit parameters: 

(1) System Menu

The System menu:

• enables the user to change any parameter needed for application
requirements

• is accessible only by an access password.

From the System menu, the user can enter additional Control Unit 
set-up menus:

• Relay Setting menu (to set up individual relay parameters)
• Calibration menu (to calibrate all channels) 
• General Setting menu (to set up general unit parameters).

(2) Calibration Menu

The channel boards are configured to accept 4-20 mA input signals
from two-wire or three-wire remote transmitters. The controller does not
require any calibration.

NOTE: There are different passwords for the System menu and
Calibration menu. Passwords can be set in the General Setting
menu.
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System Menu

The System menu allows full unit configuration: 
• Modifying channel parameters
• Setting output relays (Relays Setting menu)
• Calibration (Calibration menu)
• General settings (General setting menu).

• User is prompted to enter the password.

• Access Password is any number from 1 to 9999.
• The factory password preset value is 123.

2. Use [UP]; [DOWN] and [ENTER] to enter the password.
3. Press [ENTER] to confirm the password.

• If password is valid, the System menu screen appears.

The System menu screen (above) displays:

1 - Channel Board Identification Mark

2 - Relay Board Identification Mark

3 - Setting Icons

1. Simultaneously Press [ENTER] and [ESCAPE] and
hold for one second.
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1.  Channel Number

If selected, the Channel Number allows user to set channel parameters.

NOTE: The Channel board Identification Mark must be selected by user
to confirm that a channel board is inserted in the slot.

2.  Relay Board Identification Mark 

The Relay board Identification Mark must be selected by the user to
confirm that a channel relay board is inserted in the slot:

• Left mark is for the first board 
(connected to the Main board), counting from the left

• Right mark is for the second board 
(connected to the Sensor Extension board), counting from the left).

3.  Setting Icons 

Marking icons enable the user to enter an additional submenu:

1. Use control push buttons to select an item to set. 
2. Press [ENTER] to confirm the selected item.

NOTE: A selected setting item is inverse and non-blinking.
NOTE: Pressing [ESCAPE] exits the System menu.

ENTER: 

UP:

DOWN 

ESCAPE:

General setting menu (general parameters setting; see
Chapter 5, "General Setting Menu")

Calibration menu (channel calibration; see Chapter 5,
"Calibration")

Relays setting menu (individual relays modification menu; 
see Chapter 5, "Modifying Channel Parameters").
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3. Use control push buttons to:

Description of Channel Parameters

1. Enter the System menu (see Chapter 5, "System menu").
2. Use the control push buttons to select a channel number to modify.
3. Press [ENTER] to confirm.

• The first of two configuration screens appears:

Inhibit: Marking inhibits the channel
ATEX: Marking presets alarm and relay conditions according to

ATEX 94/9 requirements
Range: Defines measuring range and units
Sensor: Specifies sensor head to be connected
MG: Defines measuring gas

Alarm is latched until acknowledgement by [RESET].

Alarm is automatically deactivated 

Falling value will activate alarm

Rising value will activate alarm

Alarm 1 value threshold and 
Alarm 2 value threshold 

(Default value in ATEX version)

- Do not accept changes and leave menu

- Return to the System menu.

- Accept changes and leave menu
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NOTE: Use [DOWN] to toggle between the two screens.

• The second screen displays:

Delay: Time delay for alarm activating (0 – 180 seconds);
In ATEX version default value is “0”. 

Hysteresis: Defines Alarm 1 and Alarm 2 hysteresis 
(from 0 to ±2.0 % full scale).

Dead Band: Defines zero baseline (from 0 to ±5.0 % full scale).
Default is ±2.0 %.

• If FlameGard is selected from the sensor list, the setting menu
changes to the following screen. (The second screen contains only
the "Delay" parameter.)

4. Use the control push buttons the set the following:

- Return to the System menu.

- Do not accept changes and leave menu

- Accept changes and leave menu
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Modifying Channel Parameters

1. Enter into System menu (see Chapter 5, "System Menu").
2. Use control push buttons to select a channel number to modify and

press [ENTER] to confirm.
• First of configuration screens appear (left figure).

NOTE: Use [DOWN] to toggle between the two screens:

3. Use control push buttons to select required parameter.

4. Press [ENTER] to confirm the selected parameter.

Right (ENTER) button [ ↵ ]

Up Button [ � ]

Left button [ ESC ] 

Down button [ � ]
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5. Use the control push buttons to change parameter value.
6. Press [ENTER] to accept the changes.

NOTE: Pressing [ESCAPE] toggles to the upper menu.

• If FlameGard is selected from the sensor list, the Setting menu
changes to the following single screen:

7. Use the control push buttons to set:

Relay Setting Menu

The Relay Setting menu enables the user to configure each relay in
relation to each channel.

- Return to the System menu.

- Do not accept changes and leave menu

- Accept changes and leave menu
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Description of Relay Parameters

1. Enter into the System menu.
2. In the System menu, select the item for “Relay Setting Menu” and

press [ENTER] to confirm (see Chapter 5, "System Menu"). 

• The first of two configuration screens appears:

(1) Horn Relay Number (H01-H02):
Position of the horn relay on the Main board

(2) Relay Status:
Defines contacts position in de-energized status
NE - normally energized
ND - normally de-energized

Right (ENTER) button [ ↵ ]

Up Button [ � ]

Left button [ ESC ] 

Down button [ � ]
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(3) Relays Voting (V):
Allows user to set the voting of the selected relays

(4) Relay Number (R01-R16):
1 - 8 (Channel Relay board No. 1)
9 - 16 (Channel Relay board No. 2)

(5) ATEX Status:
Defines the selected relay is related to the channel 
being configured according to ATEX regulation. ATEX 
channels are displayed in bold numbers on the screen.
Some relay parameters are limited [e.g., user can only
set the normally energized (S: NE) selection] 

(6) Channel Number:
Relates the relay to the selected channel 
(bold number indicates channel is configured according 
to ATEX regulation)

(7) Configuration Grid:
Setting the following items to the grid defines the  
status on the selected channel that activates the 
selected relay:

(8) Battery/Power Relay Control:
Sets the relay that is energized when:

Relay is set using these symbols:

NOTE: Use [DOWN] to toggle between the two screens.

- Selected

- Not selected

- Low battery voltage

- Main power is OFF and Control Unit is battery powered

- Fault is set

- TWA alarm 2 is set

- STEL alarm 2 is set

- Alarm 2 is set

- Alarm 1 is set
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Example of Relay Configuration

Relay HORN no. 1:

• is configured as normally de-energized (ND).
• is not activated if power is OFF or battery is depleted
• is voted if four out of five conditions are met and
• is energized if at least four of these conditions are met:

• Channel 2 goes into alarm 1
• Channel 3 goes into alarm 2
• Channel 4 goes into STEL alarm
• Channel 5 goes into TWA alarm 
• Channel 6 goes into FAULT.

Modifying Output Relays

1. Enter into the System menu.
2. From here, select "Relay Setting Menu" and press [ENTER] to

confirm (see Chapter 5, "System Menu").
• The first of the configuration screens appears.

NOTE: Use [DOWN] to toggle between the two screens.
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3. Use control push buttons to select and change required parameter.

4. Press [ENTER] to accept the parameter changes.

NOTE: Pressing [ESCAPE] returns unit to the upper menu.

5. Use control push buttons to:

NOTE: Common relays are not configurable. Their condition is set
to the following fixed settings:

Fixed Setting for Common Relays

• Alarm 1 on any channel de-energizes common Alarm 1 relay 
on the Main board.

• Alarm 2 on any channel de-energizes common Alarm 2 relay 
on the Main board.

• Fault on any channel de-energizes Fault relay on the Main board.
• System fault de-energizes Fault relay on the Main board.

- Return to the System menu.

- Do not accept changes and leave menu

- Accept changes and leave menu

Right (ENTER) button [ ↵ ]

Up Button [ � ]

Left button [ ESC ] 

Down button [ � ]
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General Setting Menu

The General Setting menu allows the user to:

• configure access passwords for the system and Calibration menu 
• set parameters.

1. Enter the System menu (see Chapter 5, "System Menu").
2. Use the control push buttons to select "General Setting Menu";

press [ENTER] to confirm.

• The first configuration screen appears:

NOTE: Use [DOWN] to toggle to the second screen.

1 - Language: Setting required language

2 - System Psw: Setting system password (factory preset password is: 123)

3 - Battery Back Up: Select if battery backup is used

4 - Calibration Psw: Setting calibration password (factory preset password is: 321)

5 - RESET Psw: Setting alarm reset password (factory preset password is: 0)

NOTE: Setting any above password to 0 disables the password.

Right (ENTER) button [ ↵ ]

Up Button [ � ]

Left button [ ESC ] 

Down button [ � ]
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NOTE: Use [DOWN] to toggle to the second screen.

3. Use control push buttons to select and change required parameter.
4. Press [ENTER] to accept the parameter changes.

NOTE: Pressing [ESCAPE] toggles to the upper menu.

1 - Time/Date: Define time or date format (dd.mm. or mm.dd) can be selected

2 - User Unit: Define measuring units 

1 - Modbus RTU: Defines the RS 485 / USB communication parameters
ADR – unit address
Speed – communication speed
Parity – setting the parity (Even/Odd)

2 - Modbus TCP / IP: Defines the Ethernet communications parameters
ADR – unit IP address
MASK - subnetwork mask
GATE - gateway
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5. Use control push buttons to:

Calibration

Calibration (4 - 20 mA)

Channel boards are configured to accept 4 - 20 mA input signals from
two-wire or three-wire remote transmitters. The controller does not
require any calibration.

During calibration of MSA’s Ultima X Gas Monitors, the GasGard XL unit
shows the following:

• For combustibles and toxics, if cal enable is ON, the 3.75 mA
signal does not show a fault or underrange state on the GasGard
XL unit. The display may show 0 or some negative value,
depending on the Dead Band Around Zero setting.

• For oxygen, if cal enable is ON, the 21 mA signal causes the
GasGard XL to go into an overrange status. As soon as the signal
drops below 20.4 mA, the user must clear this state by pressing
the RESET button.

- Return to the System menu.

- Do not accept changes and leave menu

- Accept changes and leave menu

Right (ENTER) button [ ↵ ]

Up Button [ � ]

Left button [ ESC ] 

Down button [ � ]
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Chapter 6, 
Configuration Software

Installation and Start up

For software installation, copy the [GASGARD XL] folder from the
installation disc into the user’s own directory.

NOTE: To run this software, Java module must be installed on the
user’s computer.

To launch the application, run the file "run.bat" from the user’s directory.

NOTE: For easy access, create a shortcut on the 
computer desktop.

Hardware Requirements: PC, 512 MB RAM, CPU 1.5 GHz or higher

System Requirements: Windows 2000, Windows XP

Software Requirements: Java 6 SE or higher
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Application

Menu Bar

The menu bar has four pull down menus for application functions:
• File
• View
• Settings
• Help.

Figure 6-1. Main Applications Screen

The main Application screen contains four basic parts:

1 - Menu Bar 3 - Main Screen

2 - Toolbar 4 - Status Bar
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File

From the File menu, the user can:
• send or receive a configuration to the device unit
• load or save a configuration to or from a file
• print 
• exit the application

View

From the View menu, the user can switch between four basic screens and show or hide
the toolbar and status bar. 

NOTE: For easy access click on the toolbar icon to  show a particular screen. 

The user can select from the following options: 
• Channels
• Outputs
• Calibration
• Logs

Settings

From the Settings menu, the user can select from:
• Connection Type option
• Service Function option.

This application allows communication with devices via serial or USB port. The user must
select one port to use for communication. 

The Service Function option enables the user to set:
• language
• device address
• IP address
• mask.

The window also shows firmware version information.

Help

The Help menu assists the operator in using the application.

Multilingual System

The Configuration software is multilingual; for individual languages, use
the "lang.properties" configuration file.

For additional local language configuration software, contact MSA or an
MSA representative.
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Setting Up Channels

Figure 6-2. Setting up Channels
The window displays the status of all eight channels and allows configuration.

UPLOAD button: Allows user to upload configuration from the GasGard XL unit

DOWNLOAD button: Allows user to download configuration to the GasGard XL unit

OPEN Button: Opens the GasGard XL configuration saved on the hard drive

SAVE button: Saves the GasGard XL configuration to the hard drive
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Setting Up Output Relays

From the View menu, user can select the [OUTPUTS] option.

The window shows the outputs for the connected devices. 

For each channel and each output relay, the user can select:
• Alarm 1
• Alarm 2
• STEL
• TWA or 
• Fault.

For each selected channel, the drop-down menu enables voting
selection. Voting can be set from 1:1 up to 42:42.

Figure 6-3. Setting up Output Relays
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Chapter 7 , 
Maintenance

• The Control Unit requires no special maintenance or cleaning,
apart from verifying that it responds appropriately when performing
sensor calibration checks.

• For SIL 2 (Safety Integrity Level) sensor applications, the
calibration intervals must be reduced appropriately. 

• Check the calibration of sensor(s) connected to the Control Unit
according to your company’s safety manager.

Table 7-1. Accessories and Spare Parts

DESCRIPTION PART NO.

Sensor Extension Board (for channels 5 - 8) 10081676

Channel Relay Board 10081677

Channel Board 4 - 20 mA 10081674

GasGard XL, manual 10091922

EMC Filter (to be used with external. 24 VDC supply) 10081680

Back-up battery (2.2 Ah Kit) 10089924

Back-up battery 10093414

Display Board 10081679

Lid for housing with touch pad and gasket (w/o screws) 10081774

Flat ribbon cable (Main Board to Display Board) 10081775

Set of Lid fixing screws 10081909

Spare battery for Main Board 10031402

Main Board (channel 1 – 4) 10085436

Fuse 250 V 10089808

Spacers for relay channel board [set of 6] 10089913

Screw for Sensor Extension Board (need qty. 13) 10095004
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Chapter 8,
Technical Specifications and
Certifications

Table 8-1. Technical Specifications

Power Supply 100 VAC - 240 VAC  50/60 Hz 2.5 A 100 W
24 VDC 4 A
Main supply voltage fluctuations are not to exceed
10% of the nominal supply voltage

Sensor Power Supply 24 VDC 

Connection Modes 2, 3 wires

Terminal Board for copper wires up to 2.5 mm2

Input Signals 4 – 20 mA

Output: Relay Contacts 5/6 A 240 VDC resistive

Alarm Thresholds ALARM 1 (Warning) adjustable from 5 to 100% full 
scale (80% LEL for ATEX version)

ALARM 2 (Alarm) adjustable from 5 to 100% full scale 
(80% LEL for ATEX version)

Electronic Speed of Response < 1 sec to reach 100 % full scale

Span/Zero Drift < ±0.5 % full scale ±1 digit/month

Accuracy/Repeatability < ±1 % full scale ±1 digit

Operating Temperature -10 to +50°C (14 to 122°F)

Storage Temperature -20 to +75 °C (-4 to 167°F)

Ambient Humidity 0 to 90%, non condensing

Ingress Protection IP 56, NEMA 4X

Dimensions (W x H x D) 515 x 277 x 129 mm (20 x 11 x 5 inches)

Weight 5 kg (7 kg with battery) [11 lbs. (15 lbs. with battery)]

Pollution Degree 2

Altitude 2000 m (6561 ft)

Installation Category II

The GasGard XL Controller is for indoor use only.



Approvals 

cCSAus Certification Mark

Ordinary Location to UL/CSA 61010-1

with performance to the controller portions of 

CSA 22.2 No. 152 and ISA 12.13 standards.
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Appendix A,
Sensor List

Table A-1.GasGard XL-compatible Sensors

4 – 20 mA TRANSMITTERS

FlameGard

SafEye

Standard 4-20 mA transmitter

ULTIMA X (2-wire)

ULTIMA X (3-wire)

ULTIMA X IR
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Appendix B,
Wiring Diagrams

Figure B-2. SafEye® Open Path Gas Detector

Figure B-1. Flamegard® Flame Detector 



Figure B-4. Ultima X® (Three-wire)

Figure B-3. Ultima® X (Two-wire)
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Figure B-5. Ultima® X IR Sensor
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Appendix C,
Individual Relay Connections 

Figure C-1. Individual Relay Connections



Appendix D,
Terminal Connectors

\

Figure D-2. Sensor Extension Board

Figure D-1. Main Board

D-1



Figure D-3. Channel Relay Board
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Ultima® X  
Sampling Module,
DC Pump Model

Instruction Manual

THIS MANUAL MUST BE CAREFULLY READ BY ALL INDIVIDUALS WHO HAVE OR WILL

HAVE THE RESPONSIBILITY FOR USING OR SERVICING THE PRODUCT. Like any piece

of complex equipment, this device will perform as designed only if it is used and serviced

in accordance with the manufacturer’s instructions. OTHERWISE, IT COULD FAIL TO

PERFORM AS DESIGNED AND PERSONS WHO RELY ON THIS PRODUCT FOR THEIR

SAFETY COULD SUSTAIN SEVERE PERSONAL INJURY OR DEATH.

The warranties made by Mine Safety Appliances Company with respect to the product are

voided if the product is not used and serviced in accordance with the instructions in this

manual. Please protect yourself and others by following them. We encourage our cus-

tomers to write or call regarding this equipment prior to use or for any additional infor-

mation relative to use or service.

In the U.S., to contact your nearest stocking location, dial toll-free 1-800-MSA-INST

To contact MSA International, dial 724-776-8626.

© MINE SAFETY APPLIANCES COMPANY 2011 - All Rights Reserved

This manual is available on the internet at www.msanet.com

Manufactured by

MSA NORTH AMERICA
1000 Cranberry Woods Drive, Cranberry Township, PA 16066

(L) Rev 1  10103804
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MSA Permanent Instrument Warranty
1. Warranty- Seller warrants that this product will be free from

mechanical defect or faulty workmanship for a period of eighteen
(18) months from date of shipment or one (1) year from installation,
whichever occurs first, provided it is maintained and used in
accordance with Seller's instructions and/or recommendations. This
warranty does not apply to expendable or consumable parts whose
normal life expectancy is less than one (1) year such as, but not
limited to, non-rechargeable batteries, sensor elements, filter,
lamps, fuses etc. The Seller shall be released from all obligations
under this warranty in the event repairs or modifications are made
by persons other than its own or authorized service personnel or if
the warranty claim results from physical abuse or misuse of the
product. No agent, employee or representative of the Seller has
any authority to bind the Seller to any affirmation, representation or
warranty concerning the goods sold under this contract. Seller
makes no warranty concerning components or accessories not
manufactured by the Seller, but will pass onto the Purchaser all
warranties of manufacturers of such components. THIS
WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES,
EXPRESSED, IMPLIED OR STATUTORY, AND IS STRICTLY
LIMITED TO THE TERMS HEREOF. SELLER SPECIFICALLY
DISCLAIMS ANY WARRANTY OF MERCHANTABILITY OR OF
FITNESS FOR A PARTICULAR PURPOSE.

2. Exclusive Remedy- It is expressly agreed that Purchaser's sole
and exclusive remedy for breach of the above warranty, for any
tortious conduct of Seller, or for any other cause of action, shall be
the repair and/or replacement at Seller's option, of any equipment
or parts thereof, which after examination by Seller is proven to be
defective. Replacement equipment and/or parts will be provided at
no cost to Purchaser, F.O.B. Seller's Plant. Failure of Seller to
successfully repair any nonconforming product shall not cause the
remedy established hereby to fail of its essential purpose.

3. Exclusion of Consequential Damage- Purchaser specifically
understands and agrees that under no circumstances will seller be
liable to purchaser for economic, special, incidental or
consequential damages or losses of any kind whatsoever, including
but not limited to, loss of anticipated profits and any other loss
caused by reason of non-operation of the goods. This exclusion is
applicable to claims for breach of warranty, tortious conduct or any
other cause of action against seller.



General Warnings and Cautions

1. The Ultima X Sampling Module - DC Pump Model described in this
manual must be installed, operated, and maintained in strict
accordance with the labels, cautions, warnings, instructions, and
within the limitations stated.

2. An Ultima X Sampling Module - DC Pump Model is designed to
sample gases or vapors in air. It cannot sample the concentration
of gases or vapors in steam or condensing streams or inert or
oxygen deficient atmospheres.

3. The unit must not be painted. If painting in an area where this unit
is located, ensure that paint is not deposited on the module inlet
fitting. Such paint deposits interfere with the sampling process and
can result in improper readings.

4. Sensors are sealed units containing a corrosive electrolyte. Should
a sensor develop leakage, immediately remove it from service;
then, remove it from its housing assembly and discard it properly.
Ensure that the electrolyte does not contact skin, eyes, clothing or
circuitry; otherwise, personal injury (burns) and/or equipment
damage may result.

5. Use only genuine MSA replacement parts when performing any
maintenance procedures provided in this manual. Failure to do so
may seriously impair instrument performance. Repair or alteration
of the Ultima X Sampling Module - DC Pump Model, beyond the
scope of these maintenance instructions or by anyone other than
an authorized MSA service person, could cause the product to fail
to perform as designed, and persons who rely on this product for
their safety could sustain severe personal injury or death.

6. Properly vent the exhaust of this unit to a safe area. Improper
venting of the exhaust can cause personal injury or death.

7. Extremely high concentrations of combustible gas or vapor
between the lower explosive limit (LEL) and the upper explosive
limit (UEL) will cause the indication on the Ultima X Gas Monitor to
indicate full scale or above full scale. If the concentration level is
further increased and exceeds the UEL, the display will continue to
show an above scale indication.  Gas or vapor concentrations
above the UEL are extremely dangerous since the instrument
cannot measure them accurately, and when reduced by the
addition of air to a level below the UEL, they again constitute a

" WARNING
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violently explosive mixture.  Therefore, every alarm causing
condition or situation must be investigated to determine that the 

area being monitored does not contain a gas or vapor in air
mixture that exceeds the LEL or UEL.

FAILURE TO FOLLOW THE ABOVE WARNING CAN RESULT IN
SERIOUS PERSONAL INJURY OR DEATH.

1. Perform periodic leak check on all of this unit's flow System
components and fittings.  Ensure the flow is within specifications.

2. As with all sensors, high levels of, or long exposure to, certain
compounds in the tested atmosphere contaminate the sensors. In
atmospheres where an Ultima X Sampling module - DC Pump
Model may be exposed to such materials, calibration should be
performed frequently to ensure that channel operation is
dependable and display indications are accurate.  Ensure the flow
is checked to be within specifications.

3. The only absolute method to ensure the proper overall operation of
this unit is to check the associated sensor (s) with a known
concentration of the gas for which it has been calibrated.
Consequently, calibration checks must be included as part of the
routine inspection of the system along with ensuring flow to be
within specifications.

FAILURE TO FOLLOW THE ABOVE CAUTION CAN RESULT IN
INJURY, PRODUCT DAMAGE, AND/OR AN UNSAFE CONDITION.

" CAUTION
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Chapter 1, 
General Information

Introduction
The Ultima X Sampling Module - Pump Model:

• must be used with an Ultima X Gas Monitor (available separately)
• draws a gas sample from the monitored area, through a sample

line (available separately) to the Ultima X Gas Monitor sensor
• samples areas that are remote, inaccessible, too hot or too cold for

direct sensor monitoring, such as:
• ducts carrying combustible or toxic gas
• wet wells, water vapor in the sampling must not condense 

(RH must be less than 95%)
• printing drying ovens
• blanking or inerting operations

• comes equipped with necessary flow components (excluding 
gas sample line) to properly deliver gas samples to the Ultima X
Gas Monitor

• must be used with a special flow cap for use on the Ultima X
Monitor to ensure proper sensor sampling (available separately)

A properly-installed unit for a single Ultima X Gas Monitor is shown in
FIGURE 1-1. It is also possible for one Pump Sampling Module to
supply sample gas for up to three Ultima X Gas Monitors. This procedure:

• is useful when monitoring up to three different gases
• requires additional Ultima X Gas Monitors with individual flow caps
• is further detailed in Section 2, "Installation."

When using Ultima XIR Gas Monitor(s). locate the Ultima XIR sensor on
the exhaust side of the sample module (FIGURE 1-2) to ensure the
most accurate readings (the three-way valve from the XIR flow cap
must be installed on the inlet side of the pump).

Unpacking Unit

Carefully unpack your Pump Sampling Module (and Ultima X Gas
Monitor, if also newly purchased) from shipping carton(s). Compare
enclosed items with the packing list to ensure all parts ordered were
received; contact shipper or carrier if discrepancies exist.
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Figure 1-1. Sampling Module Installation 
with Ultima X Oxygen, Toxic, 

and Catalytic Combustible Sensors



Figure 1-2. Sampling Module Installation 
with Ultima XIR Sensors
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Each Pump Sampling Module package contains:

• Pump Sampling Module
• Flow cap for one Ultima X Gas Monitor
• Tubing and in-line Filter
• End-of-line Filter
• Instruction Manual

Unit Identification

There is one possible pump Sampling Module configuration:

• Explosion-proof (P/N 10043264) unit.

Reference the identification label located on the side of the unit
(FIGURE 1-3). See TABLE 1-1 for unit specifications.

Figure 1-3. Identification Label
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Table 1-1. 
Performance Specifications 
for Ultima X Sampling Module - Pump Model 

MAXIMUM POWER 8.5 watts at 9 to 30 VDC 
CONSUMPTION

CABLE Four conductor, shielded, 18 AWG (typical)
REQUIREMENTS

SAMPLE 30 seconds at 0.5 LPM with 50 feet (15.25 meters)
TRANSPORT TIME of .180 (4.57 mm) ID sample tubing

NOMINAL SAMPLE 2 CFH (1 LPM)
FLOW RATE

MINIMUM SAMPLE 1 CFH (.500 LPM)
FLOW RATE

MAXIMUM SAMPLE 100 feet (30 meters)
TUBING LENGTH

MAXIMUM EXHAUST 20 feet (6 meters)
TUBING LENGTH

INLET FITTINGS 1/4" (6.35 mm) OD Tube Fitting

EXHAUST 1/4" (6.35 mm) OD Tube Fitting
FITTING

CALIBRATION 1/4" (6.35 mm) OD Barbed Fitting
FITTING

OVERALL 9" x 6" x 5" (228.5 cm x 152.4 cm x 127 cm)
DIMENSIONS

WEIGHT 4.5 lbs. (2 kg)

RATING Explosion-proof enclosure, Class I,
Groups A, B, C and D, Division 1, Hazardous Locations

ELECTRICAL 3/4-14 NPT
ENTRY

FLOW FAILURE SPDT at 0.6 Amps, 125 Volts AC or 110 Volts DC
RELAY at 2.0 Amps, 30 Volts DC

TEMPERATURE -20° to 55°C (-4 to 122°F)
RANGE

HUMIDITY 15 to 95% RH, Non-condensing
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Terminology

ELECTRO-CHEMICAL SENSOR -
Sensor employing the reactions of chemicals generating electric
currents to detect certain gases.

EXHAUST GAS -
Gas after it has passed through the sensor.

FLOW RATE -
The volume-per-minute of gas in the sample line.

SPAN -
Full scale or up-scale reading on the meter display.

SPAN GAS VALUE - 
Gas concentration which gives the instrument an up scale or 
full scale value. This value is usually printed on the gas cylinder
containing the gas.

SPANNING - 
Process of placing a full scale or up scale meter reading on the display
by using calibration span gas cylinders.

ZERO -
A zero (0) indication on the meter display usually indicates ambient air
present or no hazardous gases present.

ZEROING - 
Processes for placing a zero indication on meter display.
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Chapter 2, 
Installation

General

Install the sample module in the correct area classified in your facility.

• The explosion-proof model hazardous area classification is 
Class I, Division 1, Groups A, B, C and D. It is important that all
local and national codes be followed when installing this model in a
classified area.

Double check the area classification of the sampling module. 

Refer to FIGURE 1-3 to find the area classification label on your unit.
Ensure that the Ultima X Gas Monitor is rated properly by referring to
Ultima X Gas Monitor instruction manual (P/N 10036101) for details.

Do not mix units with different area classifications. All units
used in a classified area must have the proper area classifi-
cation. Otherwise, an explosion hazard will exist, resulting in
a possible explosion, injury or death.

The sampling module for a general-purpose (GP) monitor
can be a source of ignition.  Install, locate and operate only
in a non-hazardous area and in accordance with applicable
codes.

If sampling from or exhausting into a separate location, the
installation requires flashback arrestors at the inlet from a
hazardous location and at the outlet to a hazardous location,
to prevent the propagation of ignition of hazardous gases.
Routinely check for pump system leaks that could create an
explosive environment inside the enclosure.

Read and follow all instructions, warnings and cautions per-
taining to this gas monitor.

FAILURE TO FOLLOW THIS WARNING CAN CAUSE IGNI-
TION OF EXPLOSIVE ENVIRONMENTS RESULTING IN SERI-
OUS PERSONAL INJURY OR DEATH.

" WARNING
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Mounting the Pump Sampling Module Unit 
(All Models)

1. Locate the Pump Sampling Module and the Ultima X Gas
Monitor(s) in a clean, accessible location.
• Since the unit enclosure is non-corrosive, it can be mounted to

the outside of a building or in other wet environments. Note the
temperature and RH requirements.

• Use of Teflon tape or non-hardening thread sealant for
environmental reasons is acceptable.

• When installing multiple Ultima X Gas Monitors, locate all
monitors within 18 inches (45 cm) of each other.

Ensure that Pump Sampling Module or the Ultima X Gas
Monitor unit front covers are not blocked or obscured. A
blocked front cover will obscure the gas reading indication
and sampling module indications.  The unit must be mount-
ed with the electrical input facing down and the label clearly
readable.

2. Mount the Pump Sampling Module and Ultima X Gas Monitor 
to a wall:
• From the electrical condulet or
• By using optional mounting strap (P/N 10047561) and the four

holes in the rear of the units.
3. Mount Ultima X Gas Monitor SENSOR INLET facing downward
4. Mount Pump Sample Module EXHAUST tubing so that the end of

the tubing is facing downward and is the lowest point of the tubing
(see FIGURE 1-1).

The Ultima X Gas Monitor must be mounted with its sensor
at the bottom of the case and the sensor inlet fitting pointed
downward; otherwise, the unit may become inoperative.

" CAUTION

" CAUTION
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Sample Line Placement between Pump
Sampling Module and Ultima X Gas Monitor

1. Remove all protective packaging plugs and/or caps from Pump
Sampling Module gas INLET and EXHAUST ports.

2. On new installations, skip to Step 4.
On existing installations of the Ultima X Gas Monitor, remove the
Ultima X Gas Monitor(s) red plastic sensor cap and any gaskets
remaining on the sensor. Do not remove the sensor element.

3. Install the flow block(s) on the Ultima X Gas Monitor(s) where the
red plastic sensor cap was removed in the previous step.  
See FIGURE 1-1 and FIGURE 2-1.
• Additional flow blocks are available for additional Ultima X Gas

monitors.
• Refer to TABLE 2-1 for a description and part number for

additional flow blocks.

Table 2-1. Parts List

ITEM PART NO.

XE Flow Block 10041866

XIR Flow Block 10042600

4. Attach the supplied tubing to the Pump Sampling Module port
labeled "TO ULTIMA".

5. Attach the other end of the supplied tubing to the side of the flow
block (FIGURE 1-1).
• Tubing can be trimmed to ensure that there are no kinks.
• In-line filter (P/N 10051406) must be used somewhere along

the tubing length.  Ensure that the arrow on the in line filter is
pointing towards the Pump Sampling Module.

The in-line filter must be used before the pump module to
prevent water entry from damaging unit.

• If installing additional Ultima X Gas Monitors, install tubing
between units as shown in FIGURE 2-1. Use tubing compatible
with the gas being sampled.

• MSA tubing is available (P/N 600771).

" CAUTION
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Sample Line Placement

The pump Sampling Module draws a gas sample to the internally-
mounted Ultima X Gas Monitor sensor.

• The Pump Sampling Module can be mounted up to 100 feet (30
meters) away from the monitored area.

• It uses 1/4-inch (6.35 mm) OD tubing to connect the Pump
Sampling Module sample inlet to the end of the sample line in the
monitored area.

• Tubing must be compatible with the sampled gas.
• It takes a maximum of 30 seconds for the sample gas to reach the

Pump Sampling Module when 50 feet (15.25 meters) of tubing is
used:
• To decrease this time, shorten the sample line length.
• It is generally good practice to make the sample line as short

as possible.
• Depending on the gas characteristics, the end of the sampling

tubing and the sample inlet should be mounted to best optimize
sampling of that particular gas. Consult your architect, facility
manager or safety engineer for guidance in proper placement of
the sampling tube inlet.

• Testing for ventilation patterns is useful in establishing sample inlet
location.  Smoke tubes (P/N 458481) are useful in measuring the
direction and rate of air flow to determine which areas to monitor.

• The particulate filter provided should be used at the sample end of
the sample line to help prevent dirt and dust from clogging the
sample line. This filter must be compatible with the gas being
sampled.
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Figure 2-1. Three Ultima X Monitors & a Sampling Module
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• It is recommended that a stainless steel or Teflon* sample line be
used for monitoring gases that are highly reactive such as:
• Nitrogen Dioxide
• Sulfur Dioxide
• Chlorine
• Chlorine Dioxide
• Hydrogen Chloride
• Ammonia
• Fluorine
• Bromine.

• With the above gases, use Filter (P/N 637921). The filter and
sample line should be inspected periodically and replaced if dirty.

Do not attempt to clean the sample line by applying com-
pressed air.

All Ultima X Gas Monitors must be mounted in ambient,
interference-free air; otherwise erroneous readings may
result.

1. Remove all protective packaging plugs and/or caps from the Pump
Sampling Module:
• gas inlet
• exhaust ports.

2. Attach a 1/4-inch (6.35 mm) OD sample tubing to the flow block
sample inlet fitting on the Ultima X Gas monitor (FIGURE 1-1).
Ensure tubing is compatible with the sampled gas.

3. Route the sample tubing to the area to be monitored.

NOTE:  Do not run the sample tubing in water or across areas of
vibration, doorways, man ways or access ways; otherwise,
a sample tubing leak or tripping hazard may result.

4. Using suitable hardware (not supplied):
• fasten the sample tubing to supports
• fasten the end of the sample tubing and sample inlet in the

monitoring area.
• The sample inlet should be pointed downward to prevent

dirt and water from entering the sample tubing line.

" CAUTION
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5. Install the provided end-of-line filter at the end of the sampling
tubing, if applicable.

6. Check for leaks along the entire length of the sample tubing line.
Any leak will dilute the gas sample from the area of interest and
give a lower than actual gas reading.

7. The in-line filter will trap water and block the flow.

Exhaust Line Placement

1. Attach a ¼-inch (6.35 mm) OD sample tubing to the exhaust outlet
fitting on the Pump Sampling Module Unit.

2. Route the exhaust tubing into a safe area where the gas sample
can be vented. Avoid any sharp bends or elbows. Route the tubing
to allow any collected water to drain.
• The maximum exhaust tubing length is 20 feet (6 meters).

NOTE: Do not run the exhaust tubing in water or across areas of
vibration or across doorways, man ways or access ways;
otherwise, a leak in the exhaust tubing or a tripping hazard
may result.

3. Fasten the exhaust tubing to supports using suitable hardware (not
supplied).

4. Fasten the end of the exhaust tubing in the area of interest by
using suitable hardware (not supplied)

NOTE: Exhaust inlet should be pointed downward to prevent dirt
and water from entering the exhaust tubing line.

5. Check for leaks along entire length of the exhaust tubing line.
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Figure 2-2. Typical Wiring

2-8



Electrical Connection

A flow detector within the Pump Sampling Module activates a relay
when sufficient flow exists for proper gas detection. Generally, the
Ultima X Gas Monitor output signal is routed through this relay. When
the flow is insufficient, the relay opens and the 4-20 mA signal is
interrupted. Equipment monitoring this signal can be configured to
sound an alarm when signal is interrupted. See FIGURE 2-2 for a
typical wiring schematic of the Sampling Module and Ultima X Gas
Monitor.

Other devices that alert when the flow loss relay activates can be
connected to relay contact with the Pump Sampling Module.

NOTE: The Pump Sampling Module requires a four-conductor wire.
Use shielded wire if installing the system where portable two-
way radio, welding or large machinery are located. The shield of
any wire must not be grounded at the Sampling Module or the
Ultima X Gas Monitor. The shield must be grounded at one
point only, usually at the controlling instrument.

Electrical Connection Procedure

1. Turn power OFF from the receiving instrument or power supply for
the system.

Failure to remove power from instrument may damage Pump
Sampling Module and/or Ultima X Gas Monitor during wiring.

2. If connecting the field wires to the wiring harness, observe the
identity of the conductors within the wiring harness. Connect field
wires to the appropriate harness conductors.

3. If not using the attached wiring harness:
a. Remove the top cover of the Sampling Module by rotating the

cover counter-clockwise.
b. Unscrew and remove the two top-cover screws.
c. Lift top cover to expose the wiring terminal strip on the bottom

side of the cover.
d. Loosen terminal strip screws and remove the wiring harness.

" CAUTION
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• If not using the attached wire harness:
• remove and discard the wiring harness
• install a conduit seal into the enclosure.
• Use of Teflon tape or non-hardening thread sealant

for environmental reasons is acceptable.
e. Route a cable (not supplied) through the electrical entry of the

Pump Sampling Module.
f. Connect the conductors to the wiring terminal strip noting the

identity of the wires. See FIGURE 2-1 and TABLE 2-2.
g. Replace top cover and tighten with the two screws.
h. Replace lid and tighten in place.

Do not allow lid to remain off of the explosion-proof Pump
Sampling Module. Flammable or combustible gas in the
atmosphere may ignite a spark; that, in turn, may cause an
explosion and result in injury or death.

Table 2-2. Wiring Identification

POSITION DESCRIPTION

1 Normally closed contact of the flow loss relay

2 Normally open contact of the flow loss relay

3 Common position of the flow loss relay

4 Ground or negative of the power supply

5 Positive or supply position of the power supply

4. Wire the other end of the wiring cable to your read-out instrument
and power supply, ensuring the cable from the Pump Sampling
Module is wired to the proper connections on the instrument.
Consult the instrument instruction manual for more wiring details.

" WARNING
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Initial Start-Up

Before starting up the Pump Sampling Module:

1. Check wiring connections; see FIGURE 2-1 and TABLE 2-2.
2. Ensure that power supplied to the controlling instrument is the

proper voltage with sufficient current capacity to operate the
instrument. Refer to the instrument instruction manual for proper
power set-up.

3. Apply power to the instrument through a remote circuit breaker.

If relays in the controlling instrument are wired to external
devices (e.g. horns, exhaust fans, and fire suppression sys-
tems), these devices may activate while adjustments are
performed during the following procedures. Consult equip-
ment instruction manual for further details. All instruments
must be returned to normal operation when Pump Sampling
Module and Ultima X Gas Monitor adjustments are 
completed.

4. Ensure the exhaust is not restricted.
5. The front-panel low flow indication, red LED, should NOT be ON.

• If front panel low flow indication is ON, see Section 4,
"Troubleshooting Guidelines."

" CAUTION
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Chapter 3, 
Calibration and Operation

Introduction

Pump Sampling Module and Ultima X Gas Monitoring System use the
Ultima X Gas Monitor calibration procedure. Refer to the Ultima X Gas
Monitor instruction manual and follow the procedure below:

Perform the calibration procedure regularly and maintain a log of
calibration adjustments. Increase the frequency of calibration when any
calibration shows as much as 10% difference from the test gas
concentration. More frequent calibrations may be required when the
Pump Sampling Module is new or when the sensor is approaching its
end of life. Also, perform the calibration procedure when installing or
changing the power source, sensor, or control instrumentation.

The necessary frequency of calibration depends on the operating time
and chemical exposures of the sensors. Newly installed units should be
checked for flow and new sensors should be calibrated more often until
the calibration records prove sensor stability. The calibration frequency
can then be reduced to the schedule set by the safety officer or facility
manager.

If this calibration procedure cannot be performed at any step, consult
Section 4, "Troubleshooting Guidelines," localize the problem and
replace the inoperative component.

MSA offers periodic service that is available on a contract basis; for
more information, please call MSA at 1-800-MSA-INST.

Calibration Procedures

Place the instrument receiving the signal from the Ultima X Gas Monitor
into CALIBRATION mode, if applicable.

It is necessary to put the receiving instrument in CALIBRA-
TION mode. If the instrument is not in CALIBRATION mode,
any alarm relays may energize and activate any safety
devices which are connected to the alarm relays of the
instruments.

" WARNING
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Equipment Needed: 

• Calibration Kit #42
• Appropriate ZERO and SPAN Gas Cylinders (refer to the Ultima X

Instruction Manual (P/N 10036101).
• Ultima X Controller (P/N 809086) or an Ultima X Calibrator 

(P/N 809997)

NOTE: If unsure of which SPAN gas to use or of the SPAN gas value,
consult your safety engineer or office or facility manager.

1. Locate the ZERO gas cylinder and the appropriate regulator and
tubing. Screw the regulator into the cylinder and connect the tubing
to the regulator outlet. Ensure that tubing is compatible with the
gas within the cylinder.

2. Before initiating the calibration procedures on the Ultima X Gas
Monitor, connect the tubing from the ZERO gas cylinder to the
Calibration Inlet (See FIGURE 1-1).

Zeroing with the Ultima X Sampling Module

3. Initiate the calibration procedure on the Ultima X Gas Monitor; refer
to the Ultima X Gas Monitor instruction manual.

4. When the Ultima X Gas Monitor displays "APPLY ZERO GAS",
press and hold the button by the calibration inlet. Turn the knob on
the regulator to permit the ZERO gas to flow. Simultaneously, the
Ultima X Gas Monitor will make all corrections to the zero signal;
there are no adjustments necessary.

5. When the Ultima X Gas Monitor is done zeroing, close the cylinder
valve, release the button by the calibration inlet, and quickly
remove the ZERO gas cylinder. Do not remove the tubing from the
flow controller.

6. Locate and screw regulator into the cylinder.

NOTE: If unsure of which SPAN gas to use or of the SPAN gas
value, consult your safety engineer or officer or facility
manager.
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Spanning with the Ultima X Sampling Module

7. When calibrating, the SPAN immediately follows the ZERO; refer to
Ultima X Calibrator or Controller instruction manual.

8. When the Ultima X Gas Monitor displays "APPLY SPAN GAS",
press and hold the button by the calibration inlet. Turn the regulator
knob to permit the SPAN gas to flow. The Ultima X Gas Monitor will
make all the corrections to its calibration; there are no adjustments
necessary.

9. When the Ultima X Gas Monitor calibration is complete, release the
button by the calibration inlet, close the cylinder valve and remove
the SPAN gas cylinder.

10.Unscrew the regulator from the gas cylinder and replace all
calibration components in the kit.

11.Return instrument receiving the signal from the Ultima X Gas
Monitor to NORMAL run mode operation.

Operation

There are only two indicators on the front cover of the Pump Sampling
Module which affect the operation of the unit.

• The NORMAL indicator, the green LED, shows that there is power
to the unit and the flow is greater than .5 LPM.

• The LOW FLOW indicator, the red LED, indicates that the flow
detector has insufficient gas flow for proper monitoring. Refer to
Section 4, "Troubleshooting Guidelines" for corrective action.

The pressure switch can fail and the orifice can clog if water
enters the system. Always use the proper in-line filter 
(P/N 10051406).

" WARNING
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Chapter 4, 
Maintenance and Troubleshooting
Guidelines

Maintenance

The Sampling Module requires minimal maintenance. However, the
filters need routine inspection and possible replacement. It is good
practice to have on hand replacement filters to minimize any down time
of your unit (see TABLE 4-2)

Filter Maintenance

Filter maintenance consists of visual inspection of the two filters, end of
line filter and the in line filter. When new, filters are white or slightly
yellowed; when loaded with dust or dirt, they normally turn dark in color.
Visually inspect the two filters periodically. The frequency of this
inspection depends on the environment; if your environment is
extremely dirty or dusty, this inspection should be done often.The in-line
filter is hydrophobic and will not pass liquids. 

End-of-line filters must be located so that they are not exposed to
liquids or steam. If liquids become entrapped within a filter, replace the
filter as it will interfere with proper operation of the unit. 
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Troubleshooting Guidelines

Table 4-1. Troubleshooting Guidelines

SYMPTOM POSSIBLE CAUSE PROBABLE SOLUTION

Low Flow Sample line clogged Check and replace or clean sample line
indicator is ON

A leak internal to the Check tubing inside the Ultima X
Ultima X Sampling Module Sampling Module, especially the fittings

Inoperative flow switch Replace flow switch

The sample line is under Remove vacuum from sample line inlet
a vacuum

Dirty end-of-line or Replace dirty end-of-line or in-line filter
in-line filter

Exhaust clogged Clean or replace exhaust tubing

No sensor  Sensor is approaching its Replace sensor
output or end-of-life
low output

The ambient is too cold or Place Ultima X Sampling Module in a
too hot for the sensor warmer or cooler ambient environment 

A leak in the sample line Check/repair any leaks in the 
sample line

Inoperative sensor pre-amp Replace sensor printed circuit board
electronics

Exhaust clogged or restricted Unclogged or remove the restriction on 
the exhaust

Dirty or wet sample filter Replace sample filter

Inoperative flow switch Replace the flow switch

Sensor wiring plug loose Reconnect sensor wiring plug

Bad wiring connection Check wiring and replace or repair any
between instrument and inoperative wiring or connections
Ultima X Sampling Module

No power to the unit Turn control instrument ON

Improper voltage selection at Select proper voltage at the control 
the control instrument instrument

Inoperative relay Replace printed circuit board assembly
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Replacement Parts

Table 4-2. Parts List

DESCRIPTION PART NO.

PC Board Assembly (requires new label - listed below) 10052349

Label, Ultima X Sampling Module 10051804

Pressure Switch 10050076

Pump and Drive 815395

Filter, In-line 10051406

Filter, End-of-Line, Includes Cartridge (High Humidity) 637920

Filter, End-of Line, (Reactive Gases) 637921

Filter Cartridge for End-of-Line Filter (General Purpose) 95302

Flashback Arrestor for Explosion-proof Models Only 813159

Valve, Push-button 635729

Gasket, Flow Block, Explosion-proof 10051112

Sample Line Tubing 600771

O-ring, Ultima XIR flow Block 10042428

NOTE: It is the user’s responsibility to follow all applicable regulations
and to ensure continued compliance with the certification, as
marked on the label.
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& DC POWER & ANALOG
OUT PORT

REMOTE LENGTH 100M (328ft) MAXIMUM
FOR REMOTE CABLE USE ALPHAWIRE 3248
OR EQUIVALENT. USE 18 AWG MINIMUM

24 VDC

**GENERAL BRAIDED SHIELD TERMINATION
IN MAIN TRANSMITTER

SINGLE SENSOR GROUNDING CONFIGURATION

(ALPHA WIRE 1454
OR EQUIVALENT)

REV. 3

sk3015-1051

REVISIONS

48 7 6 5

5678 4 3 2 1

B

C

D

A

B

C

D

THIRD-ANGLE
PROJECTION

www.MSAsafety.com
DO
NOT

SCALE
 DWG.

MSA STANDARD SHOP PRACTICES APPLY

THIS DRAWING IS THE PROPERTY OF MSA - THE SAFETY COMPANY AND IS MADE 
AVAILABLE TO YOU IN CONFIDENCE AND SUBJECT TO THE FOLLOWING: NO 
PERMISSION IS GRANTED TO PUBLISH, USE, REPRODUCE, TRANSMIT OR DISCLOSE 
THIS DRAWING, OR ANY INFORMATION CONTAINED THEREIN TO OTHERS WITHOUT 
THE PRIOR WRITTEN CONSENT OF MSA - THE SAFETY COMPANY EXCEPT FOR THE 
MANUFACTURE OF ARTICLES FOR MSA - THE SAFETY COMPANY.

SK3015-1051

4 OF 6

JOB NO. 30012996 PH0705 APPROVAL AGENCY CODE: NIOSH ATTR. DOC.: 
DRAWN BY                    DATE

INSTALLATION OUTLINE,
ULTIMA X5000

WJE        9-29-2016
CHECKED BY
C.STARTA      3-28-2017
PROJECT ENGR.
N.CICCONE      3-28-2017
QUALITY ASSURANCE
J.DANNHARDT      3-28-2017
MANUFACTURING

M.ZIRNSAK      3-28-2017 CADD REF: SCALE: 1:2

D SHEETSK3015-1051SHEET SIZE

A

Production 3
REVISIONLIFECYCLE STATE



     

RS485+

+ DC

HART

m
A2

m
A1

- D
C

+ D
C

POWER

RED

BLU

GRN

WHT

SE
N

SO
R 

2 
   

   
 S

EN
SO

R 
1

RS485-

- DC

G
RN

RED
RED

BLU

G
RN

W
HT

SENSOR

BLU

W
HT

SEE NOTE 1

WHT

BLU

GRN
RED

X5
00

0RS485-

RS485+
+DC

-DC

GRN

JUNCTION BOX P.C. BOARD

NOTES:
1. ENCLOSURE TO BE MECHANICALLY BOLTED TO STRUCTURAL GROUND.
2. SHIELD TO BE BONDED TO CASE SCREW REQUIRED WHEN REMOTING
   XIR PLUS SENSOR.
3. GREEN SENSOR WIRE TO BE BONDED TO ENCLOSURE CASE SCREW.
   KEEP WIRE AS SHORT AS POSSIBLE.
4. IF A LOW IMPEDANCE (360) SHIELD CONNECTION CANNOT
   BE MADE, BOND SHIELD TO INTERNAL CASE SCREW WITH CLAMP
   AND LEAVE SHIELD LIFTED AND CUTBACK AT 24VDC SOURCE.
5. WHEN INERFACING TO RELAYS, USE A BRAIDED SHIELD CABLE
   AND BOND TO CASE SCREW USING CLAMPS. USE ALPHA WIRE
   1454 OR EQUIVALENT.
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DIGITAL SENSOR
SEE NOTE 5

SEE NOTE 1

(ALPHA WIRE 3248
OR EQUIVALENT)

 SHIELD CAN BE
LIFTED AND CUT BACK
SEE NOTE 4

XIR PLUS SENSOR

SEE NOTE 3

SEE NOTE 2

DUAL SENSOR TRANSMITTER GROUNDING

 SHIELD CAN BE
LIFTED AND CUT BACK
SEE NOTE 4

SHIELD TO BE
MECHANICALLY
BONDED 360  TO A
STRUCTURAL GROUND
SEE NOTE 4

RELAY

NOTE: SHIELD TO BE BONDED TO CASE
           SCREW USING CLAMP PROVIDED

INCOMING POWER
CONNECTION

OR
REMOTE SENSOR

CONNECTION

IT IS RECOMMENDED TO USE BRAIDED SHIELDED CABLE. THE SHIELD SHOULD BE
TERMINATED 360  INTERNAL TO THE MAIN HOUSING AS SHOWN. 
 
FOR DUAL REMOTED CONFIGURATIONS, TERMINATE THE BRAIDED SHIELD AT 
THE ADDITIONAL CLIPS IN THE MAIN HOUSING.

AC RELAY INPUT MUST ENTER
THRU PORT SEPARETELY FROM
REMOTE & DC POWER
& ANALOG OUTPUT

REMOTE LENGTH 100M (328ft) MAXIMUM
FOR REMOTE CABLE USE ALPHAWIRE 3248
OR EQUIVALENT. USE 18 AWG MINIMUM

24 VDC
**GENERAL BRAIDED SHIELD TERMINATION

IN MAIN TRANSMITTER

DUAL SENSOR GROUNDING CONFIGURATION

(ALPHA WIRE 1454
OR EQUIVALENT)
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NOTES:
1.  WHEN SIZING A SYSTEM'S 24V SUPPLY, A 1 AMP INRUSH CURRENT WITH A 1ms DURATION
     SHOULD BE CONSIDERED FOR EACH ULTIMA X5000 ON THE POWER SUPPLY

X5000

X5000 JUNCTION
BOX

328 ft
MAX

SENSOR 1

SENSOR 1

24V DC

SEE TABLE 1

SEE TABLE 1

SENSOR 2

SENSOR 2

X5000

X5000 JUNCTION
BOX

SENSOR 1

SENSOR 1

328 ft
MAX

24V DC

24V DC

SEE TABLE 2

SEE TABLE 2

SEE TABLE 3

X5000

SENSOR 1

SENSOR 2

JUNCTION
BOX

JUNCTION
BOX

328 ft
MAX

24V DC

24V DC

WIRING DISTANCES FROM POWER SUPPLY TO TRANSMITTER

TABLE 1 - SINGLE SENSOR
Sensor

Mounting Sensor 1 Max Power
(W)

Max Distance (FT) To Transmitter
24 VDC Supply

18 AWG 16 AWG 14 AWG 12 AWG

MOUNTED ON TRANSMITTER
Echem 2.8 2211 3337 5314 8440

Catalytic 5.5 1548 2335 3719 5907
XIR Plus 6.7 1184 1787 2846 4520

REMOTE MOUNTED ON JUNCTION 
BOX

(UP TO 328 ft)

Echem 2.8 2210 3335 5313 8439
Catalytic 5.5 1504 2294 3679 5867
XIR Plus 6.7 1090 1697 2759 4435

TABLE 2 - DUAL SENSORS
Sensor

Mounting Sensor 1 Sensor 2 Max Power
(W)

Max Distance (FT) To Transmitter

24 VDC Supply

18 AWG 16 AWG 14 AWG 12 AWG

TWO SENSORS Mounted 
on Transmitter

Echem
Echem 3.6 2078 3136 4994 7932

Catalytic 5.3 1473 2223 3541 5623
XIR Plus 7.0 1076 1623 2585 4106

Catalytic
Echem 5.3 1473 2223 3541 5623

Catalytic 10.6 1151 1736 2765 4392
XIR Plus 10.9 893 1347 2146 3408

XIR Plus
Echem 7.0 1076 1623 2585 4106

Catalytic 10.9 893 1347 2146 3408
XIR Plus 11.6 * One sensor must be remote mounted if using two 

XIR PLUS sensors

ONE SENSOR mounted 
on junction box (328 ft 

Max), 
ONE SENSOR on 

transmitter

Echem
Echem 3.6 2096 3154 5012 7952

Catalytic 5.3 1441 2193 3512 5596
XIR Plus 7.0 982 1536 2501 4024

Catalytic
Echem 5.3 1441 2193 3512 5596

Catalytic 10.6 1124 1711 2741 4368
XIR Plus 10.9 763 1225 2029 3295

XIR Plus
Echem 7.0 982 1536 2501 4024

Catalytic 10.9 763 1225 2029 3295
XIR Plus 11.6 731 1135 1843 2961

TABLE 3 - DUAL REMOTED SENSORS

Sensor
Mounting Sensor 1 Sensor 2 Max Power

(W)

Max Distance (FT) To Transmitter

24 VDC Supply

18 AWG 16 AWG 14 AWG 12 AWG

TWO SENSORS mounted 
on junction box 

up to 328ft for 24V

Echem
Echem 3.6 2079 3134 4992 7932

Catalytic 5.3 1421 2173 3492 5576
XIR Plus 7.0 962 1516 2481 4004

Catalytic
Echem 5.3 1421 2173 3492 5576

Catalytic 10.6 1104 1691 2721 4348
XIR Plus 10.9 743 1205 2009 3275

XIR Plus
Echem 7.0 962 1516 2481 4004

Catalytic 10.9 743 1205 2009 3275
XIR Plus 11.6 711 1115 1823 2941
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GENERATOR DATA AUGUST 01, 2019
For Help Desk Phone Numbers Click here

Selected Model
Engine: 3412 Generator Frame: 593 Genset Rating (kW): 600.0 Line Voltage: 480

Fuel: Diesel Generator Arrangement: 9Y0448 Genset Rating (kVA): 750.0 Phase Voltage: 277

Frequency: 60 Excitation Type: Permanent Magnet Pwr. Factor: 0.8 Rated Current: 902.1

Duty: STANDBY Connection: SERIES STAR Application: EPG Status: Current
Version: 
39094 /38915 /38261 /10347 

Spec Information

Generator Specification
Frame: 593   Type: SR4B No. of Bearings: 1

Winding Type: RANDOM WOUND Flywheel: 18.0

Connection: SERIES STAR Housing: 0 

Phases: 3 No. of Leads: 12

Poles: 4 Wires per Lead: 2 

Sync Speed: 1800 Generator Pitch: 0.7333

Generator Efficiency
Per Unit Load         kW        Efficiency %

0.25 150.0 91.2

0.5 300.0 94.1

0.75 450.0 94.6

1.0 600.0 94.4

Reactances Per Unit Ohms
SUBTRANSIENT - DIRECT AXIS X''d 0.1458 0.0448

SUBTRANSIENT - QUADRATURE AXIS X''q 0.1452 0.0446

TRANSIENT - SATURATED X'd 0.2113 0.0649

SYNCHRONOUS - DIRECT AXIS Xd 2.8405 0.8726

SYNCHRONOUS - QUADRATURE AXIS Xq 1.4437 0.4435

NEGATIVE SEQUENCE X2 0.1455 0.0447

ZERO SEQUENCE X0 0.0420 0.0129

Time Constants Seconds

OPEN CIRCUIT TRANSIENT - DIRECT AXIS T'd0 2.6060

SHORT CIRCUIT TRANSIENT - DIRECT AXIS T'd 0.1939

OPEN CIRCUIT SUBSTRANSIENT - DIRECT AXIS T''d0 0.0093

SHORT CIRCUIT SUBSTRANSIENT - DIRECT AXIS T''d 0.0068

OPEN CIRCUIT SUBSTRANSIENT - QUADRATURE AXIS T''q0 0.0081 

SHORT CIRCUIT SUBSTRANSIENT - QUADRATURE AXIS T''q 0.0061 

EXCITER TIME CONSTANT Te 0.1400

ARMATURE SHORT CIRCUIT Ta 0.0254

Short Circuit Ratio: 0.5 Stator Resistance = 0.0087 Ohms        Field Resistance = 1.44 Ohms

Voltage Regulation
Voltage level adjustment: +/- 5.0%

Voltage regulation, steady state: +/- 0.5%

Voltage regulation with 3% speed change: +/- 0.5%

Waveform deviation line - line, no load: less than 5.0%

Telephone influence factor: less than 50

Generator Excitation
     No Load    Full Load, (rated) pf  

Series Parallel 

Excitation voltage: 9.97 Volts 44.0 Volts Volts 

Excitation current 2.21 Amps 8.03 Amps Amps
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Selected Model
Engine: 3412 Generator Frame: 593 Genset Rating (kW): 600.0 Line Voltage: 480

Fuel: Diesel Generator Arrangement: 9Y0448 Genset Rating (kVA): 750.0 Phase Voltage: 277

Frequency: 60 Excitation Type: Permanent Magnet Pwr. Factor: 0.8 Rated Current: 902.1

Duty: STANDBY Connection: SERIES STAR Application: EPG Status: Current
Version: 
39094 /38915 /38261 /10347 

Generator Mechanical Information

Center of Gravity

Dimension X -746.0 mm -29.4 IN. 

Dimension Y 0.0 mm 0.0 IN. 

Dimension Z 0.0 mm 0.0 IN. 

• "X" is measured from driven end of generator and parallel to rotor. 
Towards engine fan is positive. See General Information for details

• "Y" is measured vertically from rotor center line. Up is positive.
• "Z" is measured to left and right of rotor center line. To the right is positive.

Generator WT = 1707 kg * Rotor WT = 540 kg * Stator WT = 1167 kg

3,763 LB 1,190 LB 2,573 LB

Rotor Balance = 0.0508 mm deflection PTP 

Overspeed Capacity = 150% of synchronous speed

Generator Torsional Data

J1 = Coupling
and Fan

J2 = Rotor
TOTAL J = J1 + J2 + J3 

J3 = Exciter
End

K1 = Shaft Stiffness between 
J1 + J2 (Diameter 1)

K2 = Shaft Stiffness between 
J2 + J3 (Diameter 2)

J1 K1 Min Shaft Dia 1 J2 K2 Min Shaft Dia 2 J3

11.8 LB IN. s2 75.2 MLB IN./rad 5.0 IN. 72.9 LB IN. s2 9.7 MLB IN./rad 2.5 IN. 1.5 LB IN. s2

1.336 N m s2 8.5 MN m/rad 127.0 mm 8.238 N m s2 1.1 MN m/rad 63.5 mm 0.171 N m s2

Total J

86.3 LB IN. s2

9.745 N m s2

Selected Model
Engine: 3412 Generator Frame: 593 Genset Rating (kW): 600.0 Line Voltage: 480

Fuel: Diesel Generator Arrangement: 9Y0448 Genset Rating (kVA): 750.0 Phase Voltage: 277

Frequency: 60 Excitation Type: Permanent Magnet Pwr. Factor: 0.8 Rated Current: 902.1

Duty: STANDBY Connection: SERIES STAR Application: EPG Status: Current
Version: 
39094 /38915 /38261 /10347 
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Generator Cooling Requirements - 
Temperature - Insulation Data

Cooling Requirements: Temperature Data: (Ambient 40 0C)

Heat Dissipated: 35.6 kW Stator Rise: 130.0 0C

Air Flow: 112.2 m3/min Rotor Rise: 130.0 0C

Insulation Class: H 

Insulation Reg. as shipped: 100.0 MΩ minimum at 40 0C

Thermal Limits of Generator
Frequency: 60 Hz

Line to Line Voltage: 480 Volts

B BR 80/40 565.0 kVA

F BR -105/40 681.0 kVA

H BR - 125/40 750.0 kVA

F PR - 130/40 750.0 kVA

Selected Model
Engine: 3412 Generator Frame: 593 Genset Rating (kW): 600.0 Line Voltage: 480

Fuel: Diesel Generator Arrangement: 9Y0448 Genset Rating (kVA): 750.0 Phase Voltage: 277

Frequency: 60 Excitation Type: Permanent Magnet Pwr. Factor: 0.8 Rated Current: 902.1

Duty: STANDBY Connection: SERIES STAR Application: EPG Status: Current
Version: 
39094 /38915 /38261 /10347 

Starting Capability & Current Decrement
Motor Starting Capability (0.4 pf)

SKVA 
Percent 
Volt Dip 

92 2.5

189 5.0

292 7.5

400 10.0

514 12.5

635 15.0

763 17.5

900 20.0

1,045 22.5

1,199 25.0

1,365 27.5

1,542 30.0

1,733 32.5

1,938 35.0

2,159 37.5

2,399 40.0
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Current Decrement Data

E Time 
Cycle 

AMP 

0.0 6,135

1.0 4,118

2.0 3,675

3.0 3,395

4.0 3,148

5.0 2,923

7.5 2,438

10.0 2,046

12.5 1,767

15.0 1,720

20.0 1,826

25.0 2,004

30.0 2,208

35.0 2,313

40.0 2,341

45.0 2,348

Instantaneous 3 Phase Fault Current: 6135 Amps Instantaneous Line - Line Fault Current: 5319 Amps

Instantaneous Line - Neutral Fault Current: 8056 Amps

Selected Model
Engine: 3412 Generator Frame: 593 Genset Rating (kW): 600.0 Line Voltage: 480

Fuel: Diesel Generator Arrangement: 9Y0448 Genset Rating (kVA): 750.0 Phase Voltage: 277

Frequency: 60 Excitation Type: Permanent Magnet Pwr. Factor: 0.8 Rated Current: 902.1

Duty: STANDBY Connection: SERIES STAR Application: EPG Status: Current
Version: 
39094 /38915 /38261 /10347 

Generator Output Characteristic Curves
Open Circuit Curve

Field 
Current 

Line - 
Line Volt 

0.0 0

8.2 288

9.8 336

11.8 384

14.8 432

20.0 480

30.5 528

53.7 576

106.6 624

229.8 672
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Short Circuit Curve

Field 
Current 

Armature 
Current 

0.0 0

21.5 541

25.1 631

28.7 722

32.3 812

35.9 902

39.4 992

43.0 1,083

46.6 1,173

50.2 1,263

Selected Model
Engine: 3412 Generator Frame: 593 Genset Rating (kW): 600.0 Line Voltage: 480

Fuel: Diesel Generator Arrangement: 9Y0448 Genset Rating (kVA): 750.0 Phase Voltage: 277

Frequency: 60 Excitation Type: Permanent Magnet Pwr. Factor: 0.8 Rated Current: 902.1

Duty: STANDBY Connection: SERIES STAR Application: EPG Status: Current
Version: 
39094 /38915 /38261 /10347 

Generator Output Characteristic Curves
Zero Power Factor Curve

Field 
Current 

Line - 
Line Volt 

35.9 0

46.0 240

48.3 288

52.0 336

58.8 384

73.1 432

105.2 480

179.4 528

352.9 576

761.4 624
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Air Gap Curve

Field 
Current 

Line - 
Line Volt 

0.0 0

7.9 288

9.3 336

10.6 384

11.9 432

13.2 480

14.5 528

15.9 576

17.2 624

18.5 672

Selected Model
Engine: 3412 Generator Frame: 593 Genset Rating (kW): 600.0 Line Voltage: 480

Fuel: Diesel Generator Arrangement: 9Y0448 Genset Rating (kVA): 750.0 Phase Voltage: 277

Frequency: 60 Excitation Type: Permanent Magnet Pwr. Factor: 0.8 Rated Current: 902.1

Duty: STANDBY Connection: SERIES STAR Application: EPG Status: Current
Version: 
39094 /38915 /38261 /10347 

Reactive Capability Curve

Page 6 of 11Caterpillar Generator Data

8/1/2019https://tmiwebclassic.cat.com/tmi/servlet/TMIDirector?Action=RDButton&tab=RNRefNum...



Selected Model
Engine: 3412 Generator Frame: 593 Genset Rating (kW): 600.0 Line Voltage: 480

Fuel: Diesel Generator Arrangement: 9Y0448 Genset Rating (kVA): 750.0 Phase Voltage: 277

Frequency: 60 Excitation Type: Permanent Magnet Pwr. Factor: 0.8 Rated Current: 902.1

Duty: STANDBY Connection: SERIES STAR Application: EPG Status: Current
Version: 
39094 /38915 /38261 /10347 
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General Information
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DM7802                                                                 
GENERATOR GENERAL INFORMATION                                          

I. GENERATOR MOTOR STARTING CAPABILITY CURVES                          
A. THE MOTOR STARTING CURVES ARE REPRESENTATIVE OF THE DATA            
OBTAINED BY THE FOLLOWING PROCEDURE:                                   
1. THE CATERPILLAR GENERATOR IS DRIVEN BY A SYNCHRONOUS                
DRIVER.                                                                
2. VARIOUS SIZE THREE PHASE INDUCTION MOTORS (NEMA                     
CODE F) ARE STARTED ACROSS THE LINE LEADS OF THE                       
UNLOADED GENERATOR.                                                    
3. THE RESULTING VOLTAGE DIPS ARE RECORDED WITH AN                     
OSCILLOSCOPE.                                                          
4. MOTOR HORSEPOWER HAS BEEN CONVERTED TO STARTING                     
KILOVOLT AMPERES (SKVA).                                               
5. RECORDED VOLTAGE DIPS HAVE BEEN EXPRESSED AS A                      
OF GENERATOR RATED VOLTAGE.                                            

II. USE OF THE MOTOR STARTING CAPABILITY CURVES.                       
A. CALCULATE THE SKVA REQUIRED BY THE MOTOR FOR FULL VOLTAGE           
STARTING ACROSS THE LINE IF THE VALUE IS NOT LISTED ON THE             
MOTOR DATA PLATE.                                                      
1. MOTORS CONFORMING TO NEMA STANDARDS                                 
MULTIPLY THE MOTOR HORSEPOWER BY THE NEMA SKVA/HP                      
FIGURE. FOR NEMA CODE F,USE 5.3 SKVA/HP; FOR NEMA                      
CODE G, USE 6.0 SKVA/HP.                                               
2. ALL OTHER MOTORS:                                                   
MULTIPLY THE RATED VOLTAGE BY THE LOCKED ROTOR AMPERE                  
AND BY 0.001732. (IF THE LOCKED ROTOR AMPERES ARE NOT                  
LISTED, MULTIPLY THE FULL LOAD (RUNNING) AMPERES BY                    
B. USE THE ABOVE SKVA WITH THE MOTOR STARTING TABLE.                   
1. ACROSS LINE STARTING:                                               
READ ACROSS THE ROW OF "ACROSS THE LINE STARTING SKVA                  
IF THE DESIRED VALUE OF SKVA IS NOT GIVEN, CALCULATE                   
THE DIP BY FINDING THE PROPER SKVA INTERVAL AND                        
INTERPOLATING AS FOLLOWS:                                              
SKVA1 IS THE SKVA TABLE ENTRY JUST SMALLER THAN                        
THE DESIRED SKVA, DIP1 IS THE DIP FOR SKVA2, AND                       
SKVA2 IS THE SKVA TABLE ENTRY JUST GREATER THAN                        
THE DESIRED SKVA.  THE DIP (IN PERCENT) AT THE                         
DESIRED SKVA IS:                                                       
DIP = DIP1 + (SKVA - SKVA1) * 2.5 /                                    
(SKVA2 - SKVA1)                                                        
NOTE:VOLTAGE DIPS GREATER THAN 35% MAY CAUSE MAGNETIC                  
CONTACTORS TO DROP OUT.                                                

2. REDUCED VOLTAGE STARTING:                                           
REFER TO THE FOLLOWING TABLE.  MULTIPLY THE CALCULATE                  
ACROSS LINE SKVA BY THE MULTIPLIER LISTED FOR THE                      
SPECIFIC STARTING METHOD.  APPLY THE RESULT TO                         
THE STARTING TABLE AS IN II A, TO CALCULATE THE                        
EXPECTED VOLTAGE DIP:                                                  

TYPE OF REDUCED     MULTIPLY                                           
VOLTAGE STARTING    LINE SKVA BY                                       
80% TAP             .80                                                
65% TAP             .65                                                
50% TAP             .50                                                
45% TAP             .45                                                
Wye start,delta run .33                                                

AUTOTRANSFORMER                                                        
80% TAP             .68                                                
65% TAP             .46                                                
50% TAP             .29                                                
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NOTE: REDUCE VOLTAGE STARTING LOWERS THE MAXIMUM                       
REQUIRED MOTOR skVA.                                                   
3. Part winding starting:                                              
Most common is half-winding start, full-winding run.                   
Multiply the full motor, accross line starting skVA                    
by 0.6.  Apply the result to the selected curve as                     
in ii. A above.  Read the expected voltage dip, for                    
the required skVA.                                                     

III.DEFINITION:                                                        
A. GENERATOR TERMS                                                     
MODEL:        Engine Sales model                                       
ENG TYPE:     DI = Direct Injection,                                   
NA = Naturally aspirated, etc                                          
HZ:           Running frequency, hertz                                 
RATING TYPE:  PP, SB (prime power or standby)                          
KW:           Base rating electrical kilowatts (ekW)                   
VOLTS:        Rating terminal, line to line                            
GEN ARR:      Cat generator arrangement part number                    
GEN FRAME:    Generator frame size designation                         
CONN:         Generator output connection                              
(star, wye, delta, ect.)                                               
POLES:        Number of pole pieces on rotor.                          
(eg. A 4 pole generator run at 1800)                                   
RPM will produce 60 Hz alternating current.  A 6 pole                  
generator run at 1200 RPM will produce 60 Hz alternating               
current.)                                                              
B.  GENERATOR TEMPERATURE RISE:                                        
The indicated temperature rise indicated the NEMA limits               
for standby or prime power applications.  These rises are              
used for calculating the losses and efficiencies and are               
not necessarily indicative of the actual temperature rise              
of a given machine.                                                    

C.  CENTER OF GRAVITY                                                  
The specified center of gravity is for the generator only.             
For single bearing, and two bearing close coupled generators, the cent 
er of gravity is measured from the generator/engine flywheel housing i 
nterface and from the centerline of the rotor shaft.                   

For two bearing, standalone generators, the center of gravity is measu 
red from the end of the rotor shaft and from the centerline of the rot 
or shaft.                                                              

For two bearing, standalone generators, the center of gravity is measu 
red from the end of the rotor shaft and from the centerline of the rot 
or shaft.                                                              

D.  GENERATOR DECREMENT CURRENT CURVES                                 

The generator decrement current curve gives the                        
symmetrical current supplied by the generator for a three              
phase bolted fault at the generator terminals.  Generators             
equipped with the series boost attachment or generators                
with PM excitation system will supply 300% of rated current            
for at least 10 seconds.                                               

E.  GENERATOR EFFICIENCY CURVES                                        
The efficiency curve is representative of the overall                  
generator efficiency over the normal range of the                      
electrical load and at the specified parameters.  This is              
not the overall engine generator set efficiency curve.
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Appendix C 

 

Pump Station Control Panel Information  

 



Fort Washington Way Pump Station

Control Panel Bill of Materials
DESCRIPTION MANUFACTURER PART NUMBER QTY.
ENCLOSURE, NEMA 12 (86.12"H X 149.19"W X 14.12"D) HOFFMANN A‐86M4E 1

CIRCUIT BREAKER, 3 POLE, PUMP NO. 1, 70 AMP EATON‐WESTINGHOUSE HFD3070L 1

CIRCUIT BREAKER, 3 POLE, PUMPS 2,3, AND 4, 400 AMP EATON‐WESTINGHOUSE HKD3400 3

CIRCUIT BREAKER, 3 POLE, ZAP TRAP, 30 AMP EATON‐WESTINGHOUSE GHC3030 4

CIRCUIT BREAKER, 3 POLE, SUMP PUMP/FANS, 15 AMP EATON‐WESTINGHOUSE HFD3015L 4

STARTER, NEMA SIZE 3 EATON‐WESTINGHOUSE AN16KNOA 1

CONTACTOR, NEMA SIZE 3 EATON‐WESTINGHOUSE CN15KN3A 1

CONTACTOR, NEMA SIZE 5 EATON‐WESTINGHOUSE CN15TN3A 6

OVERLOAD HEATER PACK EATON‐WESTINGHOUSE H2020‐3 1

OVERLOAD HEATER PACK EATON‐WESTINGHOUSE H2006B‐3 3

SOLID STATE STARTER, W/ SOFT STOP (SMC‐PLUS) EATON S811+N66N3S 1

SOLID STATE STARTER, W/ SOFT STOP (SMC‐PLUS) EATON S811+U42N3S 3

FUSE, 600V, 1/2 AMP LITTLEFUSE KLKD‐1/2 8

FUSE, 500V, 1/8 AMP LITTLEFUSE FLQ‐1/8 3

FUSE, 250V, 2 AMP LITTLEFUSE FLM‐2 3

FUSE, 250V, 1 AMP LITTLEFUSE FLM‐1 1

TRANSFORMER, 460/120 VOLT, 3 KVA SIEMENS 1D1N003ST 1

TRANSFORMER, ISOLATION, 120/120 VOLT, 300 VA MICRON B300L15XK 1

POWER SUPPLY, 120VAC/24VDC IDEC PS5R‐B24 1

LIGHTNING ARRESTOR INNOVATIVE TECHNOLOGY XT40‐3Y201 4

PHASE MONITOR RELAY, ADJUSTABLE SSAC RLM 911 1

FLASHER, 2 AMP, 120 VOLT SSAC FS 127 1

ELAPSED TIME METER, 120 VOLT, NON‐RESETTABLE YOKOGAWA 240‐711‐AAAD 4

ELAPSED TIME METER, 120 VOLT, RESETTABLE YOKOGAWA 240‐712‐AAAD 4

ALARM BEACON INGRAM PRODUCTS LRX‐40 1

ALARM HORN FLOYD BELL MW‐V09‐201‐S 1

CPU, SLC‐5/03 ALLEN BRADLEY 1747‐L532 1

TOUCH SCREEN, 5" (QUICK PANEL JR.) TCP QPJ2D100‐L2P/SERIES A 1

INPUT MODULE, 16 PTS ALLEN BRADLEY 1746‐IA16 3

OUTPUT MODULE 16 PTS ALLEN BRADLEY 1746‐OW16 2

ANALOG INPUT MODULE, 4 CHANNEL ALLEN BRADLEY 1746‐N14 1

POWER SUPPLY EATON PSG960F24RM 1

I/O CHASSIS, 7 SLOT ALLEN BRADLEY 1746‐A7/SERIES A 1

COOLING PACKAGE, 560 CFM HOFFMANN A‐PA10AXFN 2

INTRINSICALLY SAFE RELAY P&F Z787.H 1

RELAY, PLUG IN, DPDT OMRON LY2N 55

RELAY, PLUG IN, 4PDT, 120 VOLT OMRON LY4N‐110/120VAC 15

TIMER, ON‐DELAY, DPDT, 120 VOLT (1 SEC. ‐ 10 MIN) IDEC RTE‐P11‐120V 10

STARTER, IEC SQUARE D LC1‐D09G7 1

OVERLOAD RELAY SQUARE D LRD08 1

CIRCUIT BREAKER, 2 POLE, TRANSFER PRI, 15 AMP EATON FAZ‐D15/2‐NA 1

CIRCUIT BREAKER, 1 POLE, 30 AMP CULTER‐HAMMER GC1030 1

CIRCUIT BREAKER, 1 POLE, 2 AMP ABB S271‐K2 2

CIRCUIT BREAKER, 1 POLE, 4 AMP ABB S271‐K4 1

TERMOSTAT, N.O. VYNCKIER VESNO 1



Fort Washington Way Pump Station

Control Panel Bill of Materials
GFI DUPLEX RECEPTACLE, 15 AMP LEVITON 6599‐I 1

RELAY, POWER, DPDT, 120 VOLT, 30 AMP WW GRANGER 5X847 3

RELAY, TRIPLEX ALTERNATING DIVERSIFIED ARA‐120‐AFE 1

MOISTURE SENSOR RELAY SSAC LLC54AAS 2

MOTOR MEGGER MSE M603IND‐120 4

INTRINSICALLY SAFE RELAY, 4 CHANNEL, 120 VOT DIVERSIFIED ISO‐120‐ACE 2

PRESSURE TRANSDUCER, SUBMERSIBLE KELLER 700 SERIES 1

RELAY, LED, PLUG‐IN, 4PDT, 24 VDC OMRON LYN4‐24VDC 3

TRANSFORMER, ISOLATION, 120/120 VOLT, 100 VA MICRON B100L15XK 1

GFCI SWITCH, 20 AMP PASS & SEYMOUR 2081‐SI 1

ENCLOSURE, NEMA 12, PUSHBUTTON, 6‐HOLES, 30.5MM HOFFMANN E‐6PBY25 1

OVERLOAD RELAY, 3 POLE, 32 AMP CULTER‐HAMMER C306DN3B 3

PUMP SAFE "A" KSB 3

REMOTE KEYPADS EATON EMA69B 4

LEVEL METER PRECISION DIGITAL PD6000‐6R7 1

PUSH TO TEST INDICATIOR LIGHTS (RED) SQUARE D 9001KT38R 19

RED LENS SQUARE D 9001R31 19

PUSH TO TEST INDICATIOR LIGHTS (AMBER) SQUARE D 9001KT38LY 6

AMBER LENS SQUARE D 9001A31 6

PUSH TO TEST INDICATIOR LIGHTS (GREEN) SQUARE D 9001KT38LG 9

GREEN LENS SQUARE D 9001G31 9



































































DUAL-LINE 6-DIGIT PROCESS METER

 0-20 mA, 4-20 mA, 0-5 V, 1-5 V, and ±10 V Inputs
 NEMA 4X, IP65 Front
 Universal 85-265 VAC or 12/24 VDC Input Power
 Large Dual-Line 6-Digit Display, 0.60" & 0.46"
 Isolated 24 VDC @ 200 mA Transmitter Power Supply
 Math Functions for Flow & Round Horizontal Tanks
 Programmable Displays & Function Keys
 Sunlight Readable Display
 32-Point, Square Root, or Exponential Linearization
 Multi-Pump Alternation Control
 2 or 4 Relays + Isolated 4-20 mA Output Options
 External 4-Relay & Digital I/O Expansion Modules
 RS-232, RS-422/485 Serial Communication Options
 -40 to 65 C Operating Temperature Range

PRECISION DIGITAL CORPORATION www.predig.com

PROVU
SERIES

PROVU  Model PD6000



PROVU  MODEL PD6000 PROCESS METER

FEATURE RICH AND FLEXIBLE
PROVU �

� � �������� PROVU

FRONT PANEL DISPLAY

Precise, Accurate, and More Informative
PROVU

Configurable

�
� Easy to Use

PROVU

NEMA 4X Rated

� � � � � � � � �

Function Keys

Rugged

PROVU
PROVU 

Environmentally Tough

 UV Resistant

Sunlight Readable



PROVU  MODEL PD6000 PROCESS METER

Communications Module 

PROVU

FIELD EXPANSION MODULES
PROVU � �

I/O Expansion Module

PROVU

�

PROVU

Relay Expansion Module

PROVU

MULTI-PUMP ALTERNATION

1

2

5

3

4

Hi

Alarm

OFF

ON

OFF



PROVU  MODEL PD6000 PROCESS METER
OUTPUTS

Relay Outputs
PROVU

�

�

Relay Operation/Configuration

� PROVU

�

Analog Output

�

 

Auto/Manual Control

Isolated Transmitter Power Supplies

PROVU �

NEMA 4 & 4X FIELD ENCLOSURES 

PROVU

MATH FUNCTIONS

PROVU’S
� � �

PROVU’S

123 3456 2 1

4-20 mA Output 
from Level Transmitter Level 

Transmitter 

Linearized
4-20 mA output

from ProVu

Loop-Powered
Remote

Indicator
(Volume)

+ 

– 

4-20 mA Loop powered 
by the ProVu meterLo

Alarm

Hi
Alarm

mA Out
Relay 1Relay 2

METER COPY

PROVU PROVU



PROVU  MODEL PD6000 PROCESS METER

SPECIFICATIONS

General
Display:

Display Intensity:

Display Update Rate:

Overrange:

Underrange:

Front Panel:

Programming Methods:

Noise filter:

Filter Bypass:

Recalibration:

Max/Min Display:

Password:

Note: Digital inputs are not password protected.
Non-Volatile Memory:

Power Options:

Fuse:

Isolated Transmitter Power Supply:

Normal Mode Rejection:

Isolation:

Environmental:

Connections:

Enclosure:

Mounting:

Tightening Torque:

Overall Dimensions:

Weight:

UL File Number:

Warranty:

Process Input
Inputs:

Accuracy:

Temperature Drift:

Math Function:

Multi-Point Linearization:

Programmable exponent:

Low-Flow Cutoff:

Decimal Point: � �

Calibration Range:

Input Impedance:

Input Overload:

Relays
Rating:

Noise Suppression:

Deadband:

High or Low Alarm:

Relay Operation:

Relay Reset:

Note: Front panel button or digital input may be assigned to 
acknowledge relays programmed for manual reset.
Time Delay:

Fail-Safe Operation:

Note: Relay coil is energized in non-alarm condition. In case of power 
failure, relay will go to alarm state.
Auto Initialization:

�

CONNECTIONS

RI- I+

24 V

-



PROVU  MODEL PD6000 PROCESS METER

www.predig.com
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PRECISION DIGITAL CORPORATION
89 October Hill Rd • Holliston MA 01746 USA • Tel (800) 343-1001 • Fax (508) 655-8990

Isolated 4-20 mA Transmitter Output
Output Source:

Scaling Range:

Calibration:

Accuracy:

Temperature Drift:

Note: Analog output drift is separate from input drift.
Isolated Transmitter Power Supply:

External Loop Power Supply:

Output Loop Resistance: 

Serial Communications
Meter Address:

Baud Rate:

Transmit Time Delay:

Data:

Parity:

Turn Around Delay: �

Digital I/O Expansion Module
Channels:

System:

Digital Input Logic: High: Low:

Digital Output Logic: High: Low:

Source Current:

Sink Current:

+5 V Terminal:

4-Relay Expansion Module
Relays:

MOUNTING DIMENSIONS

Disclaimer

� � ���������������������������

Your Local Distributor is:

ORDERING INFORMATION

PROVU • Model PD6000
85-265 VAC
Model

12/24 VDC   

Model
Options Installed

Accessories

Model Description

NONO NCNC CCOptional
Connector
Installed

PROVU
SERIES
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Sockets Selection Guide

F-2 www.idec.com   USA: (800) 262-IDEC or (408) 747-0550,   Canada (888) 317-IDEC

F

Relay and Timer Sockets

Mounting Series Page Part  No. No. of
Poles Receptacle Terminal Compatible

IDEC Relay and Timer

DIN Rail Snap-Mount

SR F-6

SR2P-05
SR2P-05C
SR2P-06

2 8-Pin

M3.5 Screw

RR2P, GT5P,
RTE-P1, GT3 (8-pin)

SR3P-05
SR3P-05C
SR3P-06

3 11-Pin RR3PA, RR2KP, RTE-P2
GT3 (11-pin)

SR3B-05 3 11-Blade RR1BA, RR2BA, RR3B, RTE-B

SH F-9

SH1B-05
SH1B-05C 1 5-Blade M3.5 Screw

Coil Terminal: M3 RH1B

SH2B-05
SH2B-05C 2 8-Blade

M3.5 Screw

RH2B

SH3B-05
SH3B-05C 3 11-Blade RH3B, RH2LB

SH4B-05
SH4B-05C 4 14-Blade RH4B

SY F-13

SY2S-05
SY2S-05C 2 8-Blade

M3 Screw
RY2S, RY22S

SY4S-05
SY4S-05C 4 14-Blade RU4S, RY4S, RY42S, RY2KS, RY2LS, 

RM2S, GT5Y

SM F-15 SM2S-05
SM2S-05C RU2S

Panel Mount

SR F-16

SR2P-51 2 8-Pin

Solder

RR2P, RAPP, RBPP, GT5P, RTE-P1, 
GT3 (8-pin)

SR3P-51 3 11-Pin RR3PA, RR2KP, RTE-P2, GT3 (11-pin)

SR3B-51 3 11-Blade RR1BA, RR2BA, RR3B

SH F-17

SH1B-51 1 5-Blade RH1B, RAHB, RBHB

SH2B-51 2 8-Blade RH2B, RAMB, RBMB

SH3B-51 3 11-Blade RH3B, RH2LB

SH4B-51 4 14-Blade RH4B

SY F-19
SY2S-51 2 8-Blade RY2S, RY22S 

SY4S-51 4 14-Blade RY4S, RY42S, RY2KS, RY2LS, RM2S, GT5Y

PCB  Mount

SH F3-20

SH1B-62 1 5-Blade

PC Board

RH1B, RAHB, RBHB

SH2B-62 2 8-Blade RH2B, RAMB, RBMB

SH3B-62 3 11-Blade RH3B, RH2LB

SH4B-62 4 14-Blade RH4B

SY F3-21

SY2S-61 2 8-Blade RY2S, RY22S

SY4S-61 4 14-Blade RY4S, RY42S, RY2KS, RY2LS, RM2S, GT5Y 

SY4S-62 4 14-Blade RY4S, RY42S, RY2KS, RY2LS, RM2S, GT5Y

Surface Mount

SH F-23 SH2B-02 2 8-Blade M3.5 Screw RH2B, RAMB, RBMB

For Panel Mounted Timers

SR F-23

SR6P-M08G

2

8-pin

M3.5 Screw

GE1A; RTE-P1; GT3A-1,-2,-3; 
GT3D-1,-2,-3; GT3W (8-pin); GT3S; GT3F

SR6P-M11G 11-pin RTE-P2; GT3A-4,-5,-6; GT3D-4,-8; 
GT3W (11-pin)

Relay and Timer Socket Selection Guide

For relay mounting accessories, see page F-24.





Liquid Level Detector

®

Made in the USA



12 MILLION OPERATIONS

Combining new technology with a familiar device, the Opti-Float® level detector 

is a revolutionary innovation in discrete level detectors. It’s made of safe, 

recyclable materials. It’s mercury and lead free and is built to last for years of 

service. Rated for over 12,000,000 operations.

The design of the Opti-Float® level detector is amazingly simple. Using fiber 

optic cable, it transmits a beam of light from an LED in a remote transceiver 

down to the float, where the beam makes and breaks depending on the tilt 

of the float. When the transceiver detects the presence or absence of light, it 

activates a relay in the transceiver, which can then operate other devices. The 

transceivers are all dual DIN rail mounted units, that can connect to two floats. 

Additional transceivers can be used for additional floats.

The fiber optic cable, created specifically for the Opti-Float® level detector, requires 

no special tools for connection. And while it looks similar to other float cables, there 

is one huge exception: No electrical wires and inherently safe! So now, for the first 

time, floats can be used directly, without special equipment, in hazardous locations.

Patented. Other U.S. and Foreign Patents Pending.

MERCURY & LEAD FREE, NON-MECHANICALMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMEEEEEEEEEEEEEEEEEEEERRRRRRRRRRRRRRRRRRRRRRRRRRRCCCCCCCCCCCCCCCCCCCCCCUUUUUUUUUUUUUUUUUUUUUUUUURRRRRRRRRRRRRRRRRRRRRRRYYYYYYYYYYYYYYYYYYMERCURY CU &&&&&&&&&&&&&&&&&&& LLLLLLLLLLLLLLLLLLLLLEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEAAAAAAAAAAAAAAAAAAAAAAAAAAADDDDDDDDDDDDDDDDDDDDDDDD FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE&&&&&&&&&&&&& ,,,,,,,,, NNNNNNNNNNNNNNNNNNNNNNNNNOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOONNNNNNNNNNNNNNNNNNNNNNNNNNNNNN--------MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMEEEEEEEEEEEEEEEEEEEEEEEEEEEEEECCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCHHHHHHHHHHHHHHHHHHHHHHHHHHHAAAAAAAAAAAAAAAAAAAAAAAAAAAANNNNNNNNNNNNNNNNNNNNNNNNIIIIIIIIIIIIIIIIIIIIICCCCCCCCCCCCCCCCCCCCCCCCCCCAAAAAAAAAAAAAAAAAAAAAAAAALLLLLLLLLLLLLLLLLLLLLLLLNON MECHANICALO C C

Installation instructions, warranty information and other downloads are available online at www.optifloat.com
Opti-Float® and Optical Float® are registered trademarks of Cox Research and Technology, Inc.



The OPTI-FLOAT® Liquid Level Detector 

is made of safe, recyclable materials. It’s mercury 

and lead free, is built to last for years of service, 

and uses no electrical wires to connect to the 

external control panel.

A. F1 = Narrow Angle Float

B. 30 = 30’ Cable, 60 = 60’ Cable, XX = XX’ Cable

C. WT1 = External Weight

      ___ = No Weight

OPTI - F1    30    ____
A B C

Liquid Level Detector

The OPT

is made of

and lead fr

and uses n

external co

A. F1 = Na

B. 30 = 30

C. WT1 = 

      ___ = 

OPTI -

OPTI-FLOAT®

Cox Research and Technology, Inc.  225.756.3271  >  800.910.9109  > www.optifloat.com

®



OPTI-FLOAT®

Cox Research and Technology, Inc.  225.756.3271  >  800.910.9109  > www.optifloat.com

OPTI-FLOAT® Accessories

The OPTI-FLOAT® Transceiver  

Operating Voltage: 12 VDC ± 10%

Power Consumption: 1.2 VA max

Output: Relay SPDT 3 amp @ 240VAC, each channel

Ambient operating temperature: -15 to +130F (-25 to +55C)

Storage temperature: -15 to +155F (-25 to +70C)

UL Listed

The OPTI-FLOAT® Power Supply  

120/240VAC-12VDC, 10 Watt

Class 2 DIN Rail Mounted

UL Listed

OPTI - TR2

OPTI - PS1

T

A

®



Cox Research and Technology, Inc.  225.756.3271  >  800.910.9109  > www.optifloat.com

OPTI-FLOAT® Mounting Options

OPTI-FLOAT® Weight

Stainless Steel 

OPTI-FLOAT® Universal Attachment Bracket

For cable, chain or pipe. Easy to attach and remove.

OPTI - WT1

OPTI - UAB1

OP

Sta

O

OPTI-FLOAT®
®



Cox Research and Technology, Inc.  225.756.3271  >  800.910.9109  >  f: 225.755.1030

www.optifloat.com  > P.O. Box 77808  >  Baton Rouge, LA 70879

®

TECHNICAL DATA

DUAL TRANSCEIVER: 

Operating voltage:
12 VDC  +/-10%

Power consumption: 
1.2 VA max.

Output :  
Relay SPDT 3 amp @ 240VAC, each channel 

Ambient operating temperature:  
-15 to +130F (-25 to +55C)

Storage temperature:
-15 to +155F (-25 to +70C)

UL Listed and RoHS Compliant

FLOAT:

Housing material:  
Polypropylene

Cable:   
PVC over dual plastic fibers (.31" O.D.)

Standard cable lengths:  
30' and 60' (contact factory for other lengths)

Ambient liquid operating temperature:  
+32 to +130F (0 to +55C)

Ambient air standby operating temperature:
-15 to + 155F (-25 to +70C)

Storage temperature:
-15 to + 155F (-25 to +70C)

Operating Wavelength:  
400 to 1200 nm      

The Contractor shall furnish and install a float switch level detection 
system. The floats shall use fiber optic cable to transmit a beam 
of light from a transmitter in the control panel to the float where 
the beam makes and breaks depending on the tilt of the float. The 
receiver in the control panel shall detect the presence or absence 
of light and operate a relay in the receiver. The float shall have no 
electrical components or metallic wires that could cause arcs and 
sparks in an explosive atmosphere. 

The float switch shall be mercury and lead free and shall be made 
of all safe, recyclable materials. The float switch housing shall be 
polypropylene. It shall be a simple robust device designed for many 
years of dependable service. The beam eclipser shall be stainless 
steel in an inert non-toxic dampening fluid that prevents chatter 
due to wave action. The viscosity of the fluid shall not change  
significantly over the range of -50 to +155F (-45 to +70C). The 
transceivers (transmitter and receiver combination) shall be dual DIN 
rail mounted units capable of connection to 2 floats. Provide one dual 
transceiver for every 2 floats. The fiber optic cable shall be custom 
made for the float and shall consist of dual plastic fibers with an 
overall specially blended PVC sheath for flexibility. No special tools or 
experience shall be required for connection of the optical cable to the 
transceivers. The cable shall be connected and sealed at the 

float housing using a double seal method that will prevent water 
from entering the float even if the outer sheath is damaged. 
The float color shall be two tone with the lighter color on the 
dome for easier viewing underwater when tilted up.

The transceivers shall operate in ambient temperatures of 
-15 to +130F (-25 to +55C). The transceivers shall operate
at 12 VDC and shall be protected against accidental polarity
reversal. The system shall operate in the visible and infrared
light region with wavelengths between 400 and 1200 nm.
The output relays in the receivers shall have the capability
of being connected normally open or normally closed. The
transceivers shall have a green LED power-on light and red
LED lights on each channel indicating that the light beam is
being received – float tilted up. The floats shall operate in liquid
temperatures of +32 to +130F (0 to +55C). The floats shall have
an ambient air standby operating temperature rating of –15 to
+155F (-25 to +70C). The transceiver shall be UL listed.

The float switches and transceivers shall be the Optical Float®

level detection system by Cox Research and Technology, Inc., 
Baton Rouge, LA. The dual transceivers shall be model TR2 
and the floats shall be Opti-Float® model F1. 

RECOMMENDED SPECIFICATIONS





Tools to your success

The solution for protecting your pump
The PumpSafe™ Module is used for monitoring all KSB submersible 

motors for moisture, thermal and bearing temperature. The PumpSafe™ is 

specifically designed for modern control systems utilizing constant speed 

or variable frequency drives (VFD). The module provides independent 5A, 

120 VAC rated form C outputs.

Advantages:

UL approved to both USA and Canadian requirements

Power supply - 24-240VAC/1/60 hertz

A manual/automatic selector switch for manual or automatic reset after alarm.

RJ-11 connector configured as an RS485 port, for the Broadcast version, to retrieve archival data 
using a laptop computer. View firmware revision level, model/configuration, analog inputs, fault 
conditions, fault connectors, and reset counter.

PumpSafe™ relays can also be purchased with a Modbus option that uses a RS-485 communications 
bus allowing any Modbus master to query and/or control various aspects of its operation. The 
advantage is that one or several devices may be connected to a host through a single multi-drop 
communications channel which allows monitoring and control from a remote location.

Can be installed in previous Flygt installations with minimal modifications of the existing control 
system. Just swap out the Flygt MiniCAS with a PumpSafe™. Applies to both 120 VAC and 24 VAC 
operation. No additional wiring is required from the control panel to the pump/mixer.

Pump Selection Software - HELPS
HELPS has been specifically designed and tailor made for consulting engineers. The software saves substantial 

time and effort calculating system curves, selecting pumps and analyzing variable speed curves. HELPS will 

dynamically link your pump selection to the proper specifications and AutoCAD drawings to complete your 

work effectively and efficiently.

Ask your local KSB representative for a copy or a demonstration.

KSB has authorized service shops throughout North America. The service 
shops personnel can trouble shoot, diagnose, repair and maintain KSB 
products. Large pumps and expert services are provided from our seven 
KSB SupremeServ Service Centers in the US.

Nationwide service for submersible pumps and mixers

07 Tools
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X-22

Kellems® Wire Management Products

Dimensions in Inches (mm)

Offset Eye, Closed Mesh
For permanent support when cable end is available to be installed through grip.

Cable Diameter Range 
Inches (cm)

Approx. Breaking 
Strength Lbs. Working Load Lbs.

E 
Inches (cm)

M 
Inches (cm)

Tin-Coated  
Bronze Stainless Steel

Tin-Coated 
Bronze

Stainless 
Steel

Tin-Coated 
Bronze

Stainless 
Steel

.50"-.62" (1.27-1.57) 530 1,370 53 137 4" (10.16) 10" (25.40) 02201037 02401037

.63"-.74" (1.60-1.88) 750 1,950 75 195 4" (10.16) 10" (25.40) 02201038 02401038

.75"-.99" (1.90-2.51) 950 2,060 95 206 4" (10.16) 13" (33.02) 02201039 02401039
1.00"-1.24" (2.54-3.15) 1,500 2,678 150 268 5" (12.70) 14" (35.56) 02201041 02401041
1.25"-1.49" (3.17-3.78) 1,500 4,490 150 449 5" (12.70) 15" (38.10) 02201042 02401042
1.50"-1.74" (3.81-4.42) 1,500 3,700 150 370 5" (12.70) 17" (43.18) 02201043 02401043
1.75"-1.99" (4.44-5.05) 2,000 4,375 200 437 6" (15.24) 19" (48.26) 02201044 02401044
2.00"-2.49" (5.08-6.32) 3,100 5,500 310 550 9" (22.86) 21" (53.34) 02201045 02401045
2.50"-2.99" (6.35-7.59) 3,100 — 310 — 9" (22.86) 23" (58.42) 02201046 —
3.00"-3.49" (7.62-8.86) 3,800 — 380 — 11" (27.94) 25" (63.50) 02201047 —
3.50"-3.99" (8.89-10.13) 3,250 — 325 — 11" (27.94) 27" (68.58) 02201048 —

Offset Eye, Split Mesh, Lace Closing
For permanent support when cable end is not available.

Cable Diameter Range 
Inches (cm)

Approx. Breaking 
Strength Lbs. (N) Working Load Lbs.

E 
Inches (cm)

M 
Inches (cm)

Tin-Coated  
Bronze Stainless Steel

Tin-Coated 
Bronze

Stainless 
Steel

Tin-Coated 
Bronze

Stainless 
Steel

.50"-.62" (1.27-1.57) 500 — 50 — 4" (10.16) 10" (25.40) 02202037 —

.63"-.74" (1.60-1.88) 750 1,952 75 195 4" (10.16) 10" (25.40) 02202038 02402038

.75"-.99" (1.90-2.51) 950 — 95 — 4" (10.16) 13" (33.02) 02202039 —
1.00"-1.24" (2.54-3.15) 1,500 — 150 — 5" (12.70) 14" (35.56) 02202041 —
1.25"-1.49" (3.17-3.78) 1,500 4,490 150 449 5" (12.70) 15" (38.10) 02202042 02402042
1.50"-1.74" (3.81-4.42) 1,500 — 150 — 5" (12.70) 17" (43.18) 02202043 —
1.75"-1.99" (4.44-5.05) 1,800 4,375 180 437 6" (15.24) 19" (48.26) 02202044 02402044
2.00"-2.49" (5.08-6.32) 2,150 5,500 215 550 9" (22.86) 21" (53.34) 02202045 02402045
2.50"-2.99" (6.35-7.59) 2,150 5,500 215 550 9" (22.86) 23" (58.42) 02202046 02402046
3.00"-3.49" (7.62-8.86) 3,250 10,190 325 1,019 11" (27.94) 25" (63.50) 02202047 02402047
3.50"-3.99" (8.89-10.13) 3,250 — 325 — 11" (27.94) 27" (68.58) 02202048 —

Offset Eye, Split Mesh, Rod Closing
For support when cable end is not available.

Cable Diameter Range 
Inches (cm)

Approx. Breaking 
Strength Lbs. (N) Working Load Lbs.

E 
Inches (cm)

M 
Inches (cm)

Tin-Coated  
Bronze Stainless Steel

Tin-Coated 
Bronze

Stainless 
Steel

Tin-Coated 
Bronze

Stainless 
Steel

.50"-.62" (1.27-1.57) 500 1,000 50 100 4" (10.16) 7" (17.78) 02203037 02403037

.63"-.74" (1.60-1.88) 750 1,950 75 195 4" (10.16) 9" (22.86) 02203038 02403038

.75"-.99" (1.90-2.51) 950 1,950 95 195 4" (10.16) 10" (25.40) 02203039 02403039
1.00"-1.24" (2.54-3.15) 1,500 2,500 150 250 5" (12.70) 12" (30.48) 02203041 02403041
1.25"-1.49" (3.17-3.78) 1,500 4,200 150 420 5" (12.70) 14" (35.56) 02203042 02403042
1.50"-1.74" (3.81-4.42) 1,500 4,500 150 450 5" (12.70) 15" (38.10) 02203043 02403043
1.75"-1.99" (4.44-5.05) 2,000 4,375 200 437 6" (15.24) 16" (40.64) 02203044 02403044
2.00"-2.49" (5.08-6.32) 3,100 8,350 310 835 9" (22.86) 19" (48.26) 02203045 02403045
2.50"-2.99" (6.35-7.59) 3,100 — 310 — 9" (22.86) 20" (50.80) 02203046 —
3.00"-3.49" (7.62-8.86) 4,300 8,400 430 840 11" (27.94) 21" (53.34) 02203047 02403047
3.50"-3.99" (8.89-10.13) 4,900 — 490 — 11" (27.94) 21" (53.34) 02203048 —
Note: E-Eye length. M-Mesh length at nominal diameter.

Standard Duty Support Grips
Offset Eye, Single Weave, Tin-Coated Bronze and Stainless Steel.

IMPORTANT:
Read all breaking strength, 
safety and technical data 
relating to this product.

Refer to pages X-33 and X-34.
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Appendix D 

 

Pump Station Contact & Notification Information  
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