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Particulate Monitoring Systems Installation & Operating Manual

|. Technical Support & Return Procedure

Dwyer Instruments, Inc. provides industry leading technical support for all product lines. The
technical support department is staffed with a team of engineering professionals.

Areas of assistance provided by the Technical Support department include:
e  Pre-Installation Site Analysis
e  Product Installation
e  General Operation
e Application Specific
e Routine Calibration
e EPA Compliance
e  Performance Upgrades and Add-On Features

To ensure the best and most efficient technical support please be prepared with the following
information prior to contacting Dwyer Instruments, Inc. If it is determined that the component must be
returned for evaluation/repair, a Return Material Authorization number will be issued. You must
include the RMA number on the packing slip and mark the outside of the shipping container.

e Company Name

e  Product Model Number

e  Product Serial Number

e Date of Installation

e Reason for Return

Dwyer Instruments Technical Support may be reached by:

Phone: (800) 872-9141

Fax: (219) 872-9057

E-Mail: tech@dwyer-inst.com

Hours of Operation: 8AM — 5PM Central Standard Time

e Any control unit or particulate sensor that was exposed to hazardous materials in a process
must be properly cleaned in accordance with OSHA standards and a Material Safety Data
Sheet (MSDS) completed before it is returned to the factory.

e All shipments returned to the factory must be sent by prepaid transportation.
e  All shipments will be returned F.O.B. factory.

e Returns will not be accepted without a Return Material Authorization number.
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1. Notifications

This document contains important information necessary for proper operation of the product.
It is strongly urged that all users of the product read this manual in its entirety. All instructions
should be followed properly and any questions that arise should be discussed with Dwyer

Instruments, Inc.

Any use or distribution of this document without the express consent of Dwyer Instruments,
Inc. is strictly prohibited. Any reproduction is prohibited without written permission.

In no event will Dwyer Instruments, Inc. be liable for any mistake, including lost profits, lost
savings, environmental compliance costs or other incidental or consequential damages arising
out of the use or inability to use this manual, even if advised of the possibility of such damages,
or any claim by any other party.

WARNING

Identifies information about practices or circumstances that can lead to personal
injury or death, property damage, or economic loss.

Warning statements help you to:
e Identify a hazard
¢ Avoid a hazard

e Recognize the consequences

IMPORTANT

Identifies information that is critical for successful application and
understanding of the product.

Identifies information, sections or statements in this manual that apply to
approved hazardous area systems, regulations or installation.

Document No. 209-1025-D
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I11. Approvals and Certifications

C € CE Conformant

C

The Control Units and Particulate Sensors conform to the appropriate country standards and
governing regulations listed below:

e EN61010/1993 “Safety requirements for electrical equipment for measurement, control
and laboratory use.”

e ENS55011/1991 “Limits and methods of measurement of radio interference
characteristics of industrial, scientific and medical equipment”. Class A: Industrial and
commercial.

e EN50082-1/1993 “Electromagnetic compatibility — Generic immunity standard”. Part 1:
Residential, commercial and light industry.

sp@ CSA Certified

US This Particulate Monitoring system is certified by the Canadian Standards Association (to
US and Canadian Standards) for use in hazardous locations as specified below:

Particulate Sensor:
Intrinsically Safe for Hazardous Locations
PMS-AHZ1 Intrinsically Safe Particulate Sensor in the following areas:
Class I, Division 1, Groups A, B, C, and D
Class II, Division 1, Groups E, F, G
Class 111
For use with the Control Units listed below, 70°C maximum ambient.

Note: There is no temperature rise caused by electrical components. Temperature
code is based only on ambient temperature, (e.g. a 200°C process requires a T3
rating.)

Control Unit:
For use in Ordinary Locations Only

DPM-AHZ]1 Control Unit rated 115 Vac/230 Vac, 0.1A or 24Vdc, 0.25A, -25°C to
70°C, with intrinsically-safe output to Particulate Sensor.

DPM-AHZ1 Control Unit - Approved for use with PMS-AHZI
sensors, where the PMS-AHZI sensor is the only component located in
the hazardous area.
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IV. Specifications

CONTROL UNIT
PARAMETER DETAIL SPECIFICATION NOTE
97-132V~, 47-63Hz
Fuse: 0.032A, Slo-Blo 250V, Type ‘T’ .
Input Voltage 115V~ Fuse: 0.050A, Slo-Blo 250V, Type “T° when Self Selector Switch to 115V
Check Option is installed
195-264V~, 47-63Hz
Fuse: 0.032A, Slo-Blo 250V, Type ‘T’ .
230V Fuse: 0.050A, Slo-Blo 250V, Type ‘T’ when Self Selector Switch to 230V
Check Option is installed
24VDC 22-26VDC . No Se?lector Switch
Fuse: 0.250A, 250V, Type ‘T Optional Model
Input Power 6 Watts Max.
Measurement Units picoamperes (pA) 1x107" Amp
. Standard 5.0pA — 5000pA
Detection Level/Range Optional 0.5pA — 5000pA
. + 5% of Range, std
Electronic Accuracy + 1% of Range, optional Over Full Temp Range
1 _13° + oF (.D5° +70°
Temperature Range Operating 13°F to +160°F (-25°C to +70°C)
Storage -40°F to +185°F (-40°C to +85°C)
Type Form A (SPST)
Relay Outputs Ratin SA @ 240V~ Resistive **Customer must provide a
g 8A (maximum) fuse in series with relay load.
. Type Isolated
4-20mA Output (Optional) Rating 470Q Max. Loop Impedance
Span Adjustable Via Keypad Default: 1000pA LOG
. Type Isolated, Multi-drop, %2 Duplex
RS-485 Network (Optional) Settings 19,200 BPS, 8 Data Bits, | Stop Bit, No Parity Modbus/RTU Protocol
Enclosure Type Painted Cast Aluminum NEMA 4X or optional CSA Other optional
Approved Enclosure
PARTICULATE SENSOR
NPT 2” NPT Thread Other optional
QC 1.5” Quick-Clamp (Mounting ferrule is 1” NPT)

Mounting FL ANSI Flange (27, 150# is typical)
Others Available

Other
. Probe . Stain!ess Steel
Materials With Protective Teflon Layer
Nipple/Mount Stainless Steel
-40°F to +250°F (-40°C to +120°C)

o + o o] + o]
Process Temperature Range Operating 40°F to +450°F (40°C to +232°C)
-40°F to +800°F (-40°C to +426°C)
> 800°F Higher Optional
: . -40°F to +160°F Maximum (-40°C to +70°C) T-Code Ratings for
Ambient Temperature Range Operating Maximum Must be Calculated for each application AHZ1 option only
Pressure Range Operating Full Vacuum to 10PSI (2.11kg/cm?) Higher Optional
Type Painted Cast Aluminum Other - Consult Factory
Other - Consult Factory

Enclosure Rating NEMA 4X (IP 66)

©2007
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PARTICULATE SENSOR CABLE
PARAMETER DETAIL SPECIFICATION NOTE
Type High Quality Coaxial
Temperature Range Operating -40°F to +392°F (-40°C to +200°C)
Maximum Length 300 ft.
DETECTION LEVEL/RESOLUTION AND APPLICATION RANGE

Barely Visible to Visible
>5% Opacity

At least 5.0 — 5000 mg/m?

sfégg?r g At least 0.002 to 2.0 gr/f°
Approximate Particulate Moderate Dilute Flow
Concentration 0.50A At least 0.5 to 5000 mg/m? Invisible to Barely
U : pade At least 0.0002 to 0.2 gr/ft® Visible, < 5% Opacity
Der Light Dilute Flow
Velocity Range 150 ft/min. (45.7 m/min.) and Higher
. . 0.3 Micron and higher
Particle Size Range 1£ <10.0 Micron, 0.5pA Detection Required
Page vi ©2007
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V. Installation Drawings

Drawing Number Sheets Description
225-1016-01 2 Particulate Monitor Installation Drawings
225-1014-06 1 Particulate Flow Sensor Installation Drawing, All Mounts
225-1036 1 High Temperature / High Pressure Particulate Flow Sensor

Installation Drawing

Hazardous Area Control Drawing

225-1005

1

Hazardous Area Control Drawing

Document No. 209-1025-D
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1. Safety

1.1 Applicable Use

These particulate monitor systems are not designed for use as a functional safety device and do not
carry a SIL rating. The device must not be used as part of a safety system or as an input signal to a
safety system. These monitors are designed for general process and environmental monitoring.

1.2 General

This apparatus is available with various agency approvals as noted in the approvals section. All
versions of this device have been designed to comply with EN 61010, safety requirements for
electrical equipment for measurement, control and laboratory use, and are supplied in a safe condition.
Before beginning an installation the following safety precautions and all precautions noted listed
throughout this manual and in the installation drawings must be followed.

WARNING

AREA CLASSIFICATION

o Before installing any device confirm area classification requirements. Do
not install any device that is not tagged as suitable for the required area
classification.

PROCESS AND AMBIENT CONDITIONS

o Before installing any device, confirm ambient temperature, process
temperature and process pressure requirements. Do not install any device
that is not tagged as suitable for the required temperatures and pressures.
Confirm compatibility of the wetted and non-wetted materials.

INSTALLATION PERSONNEL AND SERVICE

e Only appropriately licensed and trained professionals should perform the
mechanical and electrical installation.

e This device does not contain field serviceable components other than the
line fuse. Only factory personnel can perform service on this equipment.

e For operator safety and to prevent ignition of flammable or combustible
atmospheres always disconnect power before servicing.

GROUNDING AND FUSING

e Before turning on the instrument, you must connect the protective earth
terminal of the instrument to a proper earth ground. Grounding to the
neutral conductor of a single-phase circuit is not sufficient protection.

e Only fuses with the required current, voltage and specified type should be
used. Do not use repaired fuses or short-circuited fuse holders.

REGULATORY CODES

o Installation and operation must adhere to all national and local codes.

Document No. 210-1003-M
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1.3 Hazardous Area Systems

Systems approved for use in hazardous areas include nameplates indicating that they are suitable for
installation in hazardous areas. The nameplate lists allowable hazardous areas and T code ratings as
well as approval agency markings. Do not install any device that is not tagged as suitable for the
area classification.

Sections or statements in this manual that apply to approved hazardous area systems or installations
are designated with the following symbol. Designation for use in hazardous areas does not make the
system suitable for use as a functional safety device.

WARNING EXPLOSION HAZARD

e Hazardous area control drawing 225-1005 must be followed for proper
installation.

e Installation must be in accordance with ANSI/ISA RP12.6 and National
Electric Code ANSI/NFPA 70, Article 504

e  Substitution of components may impair intrinsic safety.

e Do not connect or disconnect components unless power has been
disconnected.

e Designation for use in hazardous areas does not make the system
suitable for use as a functional safety device.
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2. Introduction

A Particulate Monitoring System consists of a control unit, a particulate sensor and a sensor coaxial
cable. Applications include continuous emissions monitoring, baghouse filter leak detection and
process particulate flow monitoring. Types of particulate include both solid particulates (dusts,
powders, granulars and pellets) and liquid particulates (mists). Various control unit models and
sensors are provided to match the application and process monitoring needs.

Principle of Operation

Particulate Monitoring Systems employ a highly reliable technology based on induction. A sensor
probe is mounted in an airflow stream such as a pipe, duct or stack (for small tubing an inline non-
intrusive ring sensor is employed). As particulate flows near and over the sensing element, minute
electrical currents are induced in the sensor and transferred to the control unit by a coaxial cable. A
microprocessor filters and processes the signal into a normalized, absolute output that is linear to the
mass concentration of particulate.

[Yiel>av:\\il MASS CORRELATION

It is important to note that the above relation between instrument units (pA) and
actual mass (mg/m® or gr/cf) is just an approximate guide for selecting the
appropriate model and range and for providing a general indication of the typical
particulate levels monitored. For a true correlation between (pA) and actual
mass (mg/m? or gr/cf), a gravimetric correlation such as an isokinetic sample
must be performed for each application and a recommended model and
detection level must be ordered. It is also important to note that the accuracy of
such correlations is application dependent and produces the best results with
consistent particulate and process conditions. The user must follow proper
procedures and must understand the typical accuracy of such correlation
techniques. Consult factory for details.

Control Unit

The control unit (i.e. electronics) is housed in a rugged cast aluminum enclosure. An LCD displays
particulate levels in bar-graph and digital forms. A lockable membrane keypad is provided for setup
and adjustment. An optional self check sub system is available to automatically verify calibration and
operation of the control unit, sensor and cable. Various relay, analog inputs and outputs, as well as
serial communications are available in the control unit.

Particulate Sensor

The particulate sensor is very rugged and virtually maintenance-free. The sensor is passive with no
active circuits for high reliability and durability. 1t does not require special alignment and is not
affected by normal vibration.

Coaxial Cable for Particulate Sensor

The cable that connects the particulate sensor to the control unit is a high-quality coaxial cable
specifically designed for the system. Maximum length is 300 ft (91m). Do not use substitute cable.
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3. Control Unit Installation

3.1 Location

The following factors should be considered when determining the control unit location:

Locate at a position that is convenient for setup and operation
Mount at eye level
Mount to a flat surface in a vertical orientation

Do not mount to surfaces with excessive heat or vibration

WARNING

WARNING

INSTALLATION PERSONNEL
e  Only appropriately licensed professionals should install this product.

e For operator safety and to prevent ignition of flammable or combustible
atmospheres always disconnect power before servicing.

CONTROL UNIT LOCATION

e The control unit may only be located in ordinary locations (non-hazardous
safe areas).

e Do not locate the control unit in a hazardous area unless it is inside an
appropriately rated explosion-proof or purged enclosure and supplied as
part of an approved hazardous area system with approved control unit and
approved sensor assembly.

e Do not locate the control unit in or near sources of very high electrical noise
such as a Variable Frequency Drive (VFD) or Motor Control Center. Locate
the control unit at least 10 feet from these sources and, if possible, power
the control unit from a separate power source. If power is supplied from the
same branch circuit or a circuit containing electrical noise, install a quality
line filter such as an Islatrol IC+102.

Mounting: Mounting holes are integrated into the enclosure base. Mounting hardware should be
capable of supporting five times the control unit weight. Refer installation drawings for dimensions.

3.2  Wiring

An appropriately licensed electrician must perform all electrical connections.

WARNING

CONTROL UNIT WIRING
e  All wiring must be rated 250V minimum.

e The control unit must be mounted within sight of an appropriate electrical
disconnect (on/off switch) to ensure safety during installation and
maintenance.

e The coaxial cable must be in conduit that is separate from all other circuits.

Document No. 210-1003-M
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There are connections inside the control unit for the sensor coaxial cable, the power supply, relay
contacts and optional 4-20mA or RS-485 outputs. Refer to the installation drawings.

Conduit openings are provided in the bottom of the enclosure to route wiring into the enclosure.
Never drill new conduit openings in the side or top of the enclosure as a bad conduit seal may allow
water to enter the enclosure.

3.3 Grounding

Proper grounding of the control unit is essential to ensure reliable operation and operator safety.
When used as part of an approved hazardous area system two separate ground connections are
required, protective ground and intrinsic safety ground. It is not sufficient to use a single ground
connection and jumper the protective and intrinsic safety grounds inside the control unit enclosure.

WARNING CONTROL UNIT GROUNDING
e  Protective earth ground must be connected to terminal #1.

e The enclosure cover must be bonded to the enclosure base with the supplied
ground bonding wire — do not remove.

e When used as part of an approved hazardous area system: Intrinsic safety
ground must be connected to terminal #2 and must be less than 1 ohm with
respect to earth ground. Refer to control drawing 225-1005.

e When used as part of an approved hazardous area system: Intrinsic safety
ground must utilize a grounding electrode independent of the protective
earth ground.
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4. Particulate Sensor Installation

4.1 Location
The following factors should be considered when determining the sensor location:

= Area Classification

= Flow conditions

= Electrical (Faraday) shielding

= Atmospheric shielding (in the case of ducts and stacks open to atmosphere)

= Access for installation and service

WARNING SENSOR LOCATION

o Before installing the sensor, confirm area classification requirements. Do
not install any device that is not tagged suitable for the required area
classification.

o Before installing the particulate sensor, confirm ambient temperature,
process temperature and process pressure requirements. Do not install any
device that is not tagged as suitable for the required temperatures or
pressures. Confirm compatibility of wetted and non-wetted materials.

e For hazardous areas, a maximum ambient temperature of the particulate
sensor enclosure must not be exceeded. Refer to the Temperature
Considerations section for full details.

It is essential for the pipe/duct to provide an electrical (Faraday) shield for the sensor. It is therefore
required that the pipe, duct or stack is metal and earth grounded (small inline tubing sensors provide
their own section of metal pipe which also must be grounded). Consult the factory when insertion
probe style sensors are to be installed in non-conductive pipes, ducts such as plastic or fiberglass.

The particulate sensor must be installed in a position where the flow is reasonably laminar and the
particulate is evenly distributed. The ideal position is where the pipe/duct is straight and free of items
such as valves, dampers or other flow obstructions for a length of 4 diameters or longer. Horizontal or
vertical sections are acceptable. For basic flow/no flow detection it is not necessary to select a
location with a long straight section if access has to be sacrificed dramatically. For trending and
measurement the need for a straight section and laminar flow increases. The particulate sensor should
be positioned with approximately two thirds of the straight section upstream of the sensor and one
third downstream. The particulate sensor should be located in the center of the pipe/duct. If the
pipe/ducting is square it should be located in the center of one of the sides. In either case, be sure the
position is such that the tip of the sensor reaches the midpoint or beyond. Always use good
engineering sense and be sure the sensor will interact with a reasonable representation of the flow.

For emissions detection applications such as baghouses or cartridge collectors, good locations are
generally found upstream of the blower. The particulate sensor can be located downstream of the
blower but not too close to the stack outlet. There must be sufficient duct downstream of the sensor to
provide adequate electrical and atmospheric shielding. The sensor should be located upstream of any
sampling ports by at least two feet. It is not necessary that the sensor be in the same section of the
duct/stack as the sampling ports. Particulate sampling ports require fully-developed laminar flow and
longer straight sections.
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Extreme vibration should be avoided.

IVles v\l A TMOSPHERIC AND ELECTRICAL SHIELDING OF SENSOR

It is essential for the pipe/duct to provide an electrical (Faraday) shield for
the sensor. The pipe/duct or stack should be metal with a high quality earth
ground. Consult the factory for non-conductive pipes/ducts such as plastic
or fiberglass. (Small in-line sensors for small tubing provide their own
section of metal pipe, which also must be grounded).

When the sensor is placed in a stack/duct choose a location away from
atmosphere so wind driven atmospheric particulate or rain does not flow
over the sensor and so external electrical noise cannot affect operation.

Do not place the sensor where the pipe/duct is corroded or cracked which
may allow water droplets to create signals as they flow by.

4.2 Mounting

The following types of process mounts are available for the standard probe style sensors:
NPT, Quick-Clamp and ANSI flange.

Inline sensors for small tubing are supplied with swage lock or other tube connections to mount inline
with metal or plastic tubing.

Installation drawings of each mounting type can be found in the appendix.

WARNING HAZARDOUS AREA SENSOR GROUNDING

For hazardous area applications an external sensor earth ground cable is
required to maintain sensor grounding during installation and maintenance.

The ground cable must remain attached when the sensor is temporarily
removed from the process — do not disconnect the ground cable.

Leave sufficient ground cable service loop for easy removal of the sensor
from the process.

Document No. 210-1003-M
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4.3 Sensor Temperature Considerations

The sensor may be ordered with one of three process temperature ranges:
-40°F to 250°F (-40°C to 121°C)
-40°F to 450°F (-40°C to 232°C)
-40°F to 800°F (-40°C to 426°C)

Consult Factory for Temperatures >800°F

1.

2
3.
4

Note: For the process temperatures in the range of 233°C - 426°C, a high temp probe must be used.

The maximum allowable ambient temperature at sensor housing is 70°C.

Table: T Code Rating for Sensor

Process Temperature Does Not Exceed
Maximum Ambient 75°C (167°F) 125°C (257°F) | 225°C (437°F) | 325°C (617°F) | 426°C (800°F)
70°C (160°F) T6 T4 T2C T1* T1*
Document No. 210-1003-M Page 9 ©2007
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5. Particulate Sensor Coaxial Cable Installation

Connection: Prior to making coaxial cable connections review the following routing instructions.

LN PEVNIN PARTICULATE SENSOR COAXIAL CABLE ROUTING

e The sensor cable must be installed in conduit that is separate from all other
wiring.

e The cable should be routed from the particulate sensor to the control unit in
a path that avoids high vibration, heat over 394°F (200°C) and any strong
magnetic or electrical fields.

e The cable should be located at least 18 in (46 cm) away from any power
lines (conduit), motors, frequency drives and other sources of electrical
interference throughout its entire path.

e The cable should be installed in metallic conduit. At the process end, use a
section of shielded flex conduit that is 1 to 2 times the probe length to serve
as a service loop.

The coaxial cable is connected to the control unit by a coax connector and is connected to the sensor
by two ring terminals. The connectors are normally supplied pre-assembled to the cable.

Once the cable has been routed, insert the coax connector into the control unit enclosure leaving a
very small service loop as specified in the installation drawing shown in the appendix. A larger
service loop should be used at the sensor end, typically 1 to 2 times the sensor length. Any small
amount of extra cable length should be pulled into the nearest junction box and NOT left in the sensor
housing or in the control unit enclosure. If there is a significant amount of extra cable (many feet), the
cable should be shortened at the sensor end and the sensor end connectors should be re-assembled
using factory-supplied connectors and instructions.

Wi\ COAXIAL CABLE INSIDE THE CONTROL UNIT

e A ferrite suppressor is located on the sensor coaxial cable near the coax
connector and must remain inside the control unit enclosure.

e The black cable insulation must extend a minimum of 6 in (15 cm) into the
coax cable conduit.

e Do not leave any excess cable in the control unit or sensor housing.

Inside the particulate sensor enclosure, attach the coax cable as indicated in the sensor drawing. When
connecting the braided shield, ensure it does not touch the surge voltage protection assembly. Do not
leave excess cable inside the sensor housing.
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Sensor Test Port (Non-Hazardous Areas Only)

Location: A test port should be installed in a negative pressure location. It must be located upstream
of the sensor so particulate can flow very near and around the sensor. It should be located at least 3 ft
(1 m) upstream of the sensor and it should be located on the same side of the duct as the sensor so
particles can pass very near and around the sensor. If possible locate the test port at ground level.

Mounting: The test port is either screwed into a 1/8 inch NPT threaded hole, or welded in position.
(Note: A foot or so of tubing can be connected to the nipple to make it easy to draw particles out of a
container. Only a pinch of particulate at a time is needed for a response check.)

VIl \Il TEST PORT INSTALLATION

o Installation of a sensor test port enables checking the response to an actual
increase in particulate.
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6. Control Unit Operation

6.1 User Interface Overview

The following drawing shows the user interface consisting of a four-button keypad and an LCD
display. The LCD display has a scalable analog bar graph combined with a digital readout for ease in
interpreting the dynamic readings, which are typical with particulate flow.

NOTES:

1. CIRCULAR BAR GRAPH
LOG SCALE SHOWN

2. BAR GRAPH SCALE FORMAT

3. BAR GRAPH MULTIPLIER
4. ALARM SETPOINT INDICATOR

5. DIGITAL READOUT

ACCORDINGLY.

6. ALARM INDICATOR
FLASHES IN ALARM STATE

7. KEYPAD — SEE TABLE BELOW

USER SELECTS PARAMETER TO DISPLAY
(READING OR SETPOINTS). VALUES CHANGE

) JaN e
SETUP INCREASE DECREASE

KEYPAD [ S5L FE e oer
ESCAPE NEXT PREVIOUS

The control unit has two alarm relays which are individually activated when the reading continuously
exceeds the alarm setpoint for the amount of time delay specified. Each is an SPST (FORM A) relay
contact output.

Alarm logic may be set to Normal or Fail-safe mode. In Normal mode, the alarm relay contact is open
under normal conditions and closes when the associated alarm is active. In Fail-safe mode, the alarm
relay contact is closed under normal conditions and opens when the associated alarm is active, or
when power to the control unit is removed.

When the reading exceeds the alarm setpoint, the alarm delay timer is started. As long as the reading
remains above the alarm setpoint, the alarm delay timer will continue timing. If the reading drops
below the alarm setpoint before the alarm delay timer expires, the alarm delay timer is reset. If the
reading remains above the alarm setpoint and the alarm delay timer expires, an alarm is activated and
the associated alarm relay contact will close (Normal logic) or open (Fail-safe logic).

If an alarm is activated and the reading drops below the alarm setpoint, the alarm is cleared and the
alarm delay timer is reset. As described above, alarms will clear automatically and no operator
acknowledgment is required.

Control units designed for powder flow applications include the ability to define a LOW alarm level
that will activate when the particulate reading falls BELOW the setpoint. See Menu 1 Setup details.
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6.2 Menul Setup

Alarm setpoints are accessed through Menu 1 setup. To enter Menu 1, press the SETUP key.
Setpoints may be modified by pressing the UP and DOWN arrow keys. Values are saved by pressing
the ENTER key. To discard any changes made and return to the main screen, press the
SETUP/ESCAPE key. Refer to the Menu 1 setup diagram below for menu navigation and allowable
setpoint ranges. Features designated with an asterisk (*) are optional. Operation of optional features is
dependant upon model and options selected at the time of order. The following setup menus are based
on firmware version 2.27 or higher.

«
e A vV T
SETUP INCREASE DECREASE ENTER
or or or ar
ESCAPE NEXT PREVIOUS ACCEPT
From the main screen, press the SETUP key to enter the Menu 1 setup screen.
Use the UP/DOWN arrow keys to adjust settings to the desired values. Press the
ENTER key when finished to save a value and proceed to next menu item.
Press the SETUP/ESCAPE key to return to the main screen without saving the
current parameter's value.
MAIN REAL—
TIME SCREEN Menu Item | Range Definition
$
Dv‘iEﬁED ADJUST
ALARM #1 | [A)or(V]) Alarm #1 | 0-5000 | The alarm setpoint is compared to the process
SETPOINT Relay #1 pA | reading to determine alarm status. Relay #1 will
$ SAVE VALUE Setpoint close when alarm #1 is active and open when
oS00 OUUST alarm #1 is cleared.
ALARM #1 oR]
DELAY Alarm #1 | 1-600 | Number of seconds the reading must exceed the
S save vaLue Relay #1 Sec alarm setpoint before alarm relay #1 contact will
DISCARD Delay close.
E *ALARM #1 JDL;
LoGIC *Alarm #1 | HI/LO | Select the logic for the alarm. HI activates when
swve vae Relay #1 the reading is above the setpoint. LO activates
DISCARD Logic when the reading is below the setpoint.
VALUE 12 JU%
ALARM OR
SETPOINT Alarm #2 | 0-5000 | The alarm setpoint is compared to the process
B v Relay #2 pA reading to determine alarm status. Relay #2 will
DISCARD Setpoint close when alarm #2 is active and open when
AL ADIUS] alarm #2 is cleared.
== M (B
S e Alarm #2 1-600 | Number of s_econds the reading must exceed t_he
biscarDd Relay #2 Sec | alarm setpoint before alarm relay #2 contact will
VALUE ADJUST Delay close.
== e A
St wase *Alarm#2 | HI/LO | Select the logic for the alarm. HI activates when
% = Relay #2 the reading is above the setpoint. LO activates
Logic when the reading is below the setpoint.
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6.3 Menu 2 Setup

Navigation within Menu 2 is similar to that described in Menu 1. Features designated with an asterisk
(*) are optional. Operation of optional features is dependant upon model and options selected at the
time of order. The following setup menus are based on firmware version 2.27 or higher.

«
e AN vV -
SETUP INCREASE DECREASE ENTER
or or or or
ESCAPE NEXT PREVIOUS ACCEPT
Press the SETUP and ENTER keys at the same time from any main screen to enter
the Menu 2 setup screen. Use the UP/DOWN arrow keys to adjust the setting to the
desired value. Press the ENTER key to save the value and proceed to the next setup
screen. Press the SETUP/ESCAPE key to return to the main screen without saving the
current parameter's value.
Menu Range Definition
Item
MAIN Bar Automatic Linear | Allows the user to configure the full-scale
— .
SCREEN Graph | Automatic Log span of the bar graph readout. The user
Span 100,000 Log may select a fixed scale, or a auto-ranging
and |2 10,000 Log scale where the unit will select it's own scale
DISCARD ADJUST 1,000 Log automatically. The user can select between
(LU 100.0 Log a LINEAR or LOGARITHMIC scale. (Log
BAR CRAPH 10,000 Linear | scaling is recommended for processes with
SPAN . . o .
1,000 Linear | dynamic, spiking readings such as a
(B smve vaLue 100.0 Linear | baghouse or cartridge type dust collector.)
CeARD 10.0 Linear
VALUE YES/NO 1.0 Linear
LOCK oA V] _
KEYPAD Lock No/Yes Locks the keypad to prevent unauthorized
- Keypad modifications. Once locked, alarm levels
B cannot be viewed or modified until the
DscaRo YES,/NO keypad is unlocked. To ulock, enter Menu 2
and set the lock keypad parameter to NO.
RESET AV
DEFAULTS
Reset No/Yes Resets all alarm set points and user-
SAVE VALUE Defaults adjustable parameters to their factory default
DISCARD values by selecting YES
VALUE ADJUST
<= | * 4-20mA | [AJRV .
<17 MIN. SCTLE 4> *4-20mA | 0.0 Linear | Sets the 4mA value of the 4-20mA output.
Minimum | 0.1-10.0 Log Entering “0.0" defines Linear scale. A value
SAVE VALUE Scale other than “0.0” defines logarithmic scale.
DISCARD ADJUST h I f h
VALUE *4-20mA | 0-5,000 Linear | Setsthe 20mA value of the 4-20mA output.
¥ 4-20mA Output | 1-900,000 Log Linear span can be set to any value.
OUTPUT SPAN Span Logarithmic span will also determine the
- number of decades. Example:
- J] SAVE VALE Linear output: Min Scale=0.0, Output
VALUE ADJUST Span=1,000.
* NETWORK | [A]or(V) 3-decade logarithmic output: Min Scale=1.0,
: ADDRESS : Output Span=1,000.
‘ SAVE VAL * Network 1-32 Modbus®RTU slave address for the RS-485
Continued \ Address serial network. Each device must have a
unique address.
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DISCARD
VALUE

RELAY 1

$ SAVE VALUE

DISCARD
VALUE

RELAY 2

DISCARD
VALUE

$ SAVE VALUE

RELAY ENABLE

$ SAVE VALUE

DISCARD
VALUE

ZERO CHECK

% SAVE VALUE

DISCARD
VALUE

SPAN CHECK

SAVE VALUE

FaLSAFE | [AJor

FAILSAFE (AJor[Y7]

PROCESS RUN

peErForM | (AJr(V]

PERFORM | [AJor(V]

Fail-safe No/Yes When set to “Yes”, inverts the alarm relay
Relay 1 logic. Relay is ON when NO alarm condition
exists and is OFF when there IS an alarm
condition. Relay is OFF when power is
removed from the control unit.
Fail-safe No/Yes When set to “Yes”, inverts the alarm relay
Relay 2 logic. Relay is ON when NO alarm condition
exists and is OFF when there IS an alarm
condition. Relay is OFF when power is
removed from the control unit.
Process No/Yes When set to “Yes”, enables use of the
Run process run relay input channel. When set
Relay to “No”, disables use of this input. Refer to
Enable Automated Self Checks section of the
manual for details on use of this relay input.
* Perform No/Yes When set to “Yes", triggers an automatic
Zero zero check. Refer to Automatic Self Checks
Check section of manual for full details.
* Perform No/Yes When set to “Yes", triggers an automatic
Span span check. Refer to Automatic Self Checks
Check section of manual for full details.
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6.4 Menu 3 Setup

Navigation within Menu 3 is similar to that described in Menu’s 1 and 2. Features designated with an
asterisk (*) are optional. Operation of optional features is dependant upon model and options selected
at the time of order. The following setup menus are based on firmware version 2.27 or higher.

)
<> N\ V T
SETUP INCREASE DECREASE ENTER
or or ar or
ESCAPE NEXT PREVIOUS ACCEPT

MAIN
=] ScrEEN
%@w@
OAe ADJUST
SIGNAL FILTER [AJiR(Y]
— 1
FREQUENCY
%@SME VALUE
Eoirs ADJUST
* UNITS | [A)odY)
=2 [LAJRVS
OF MEASURE
%@SAVE VALUE
it ADJUST
AUTORANGE | [A)o/V)
— 1
DELAY
47 SAVE VALUE
NALE ADJUST
* PEAK | [A)oRY)
Lo B ARV
HOLD TIME
% SAVE VALUE
DISCARD
VALUE ﬁs/N@o]
BARGRAPH | [A] o
— B
FILTERING
47 SAVE VALUE
R ADJUST
[FCORRELATION| [A] V]
= — B
RAW MIN
DISCARD ‘SAVE VALUE
VALUE ADJUST
*CORREL/—\T\DN
RAW NAX
%SAVE VALUE
DA ADJUST

+CORRELATIO
- SCALED MIN

or V]

[ save vaLue
DISCARD

VALUE ADJUST
CORRELATIO
N [A]oA(¥]

SCALED MAX

[ save vALUE

Press the UP and DOWN keys at the same time from the main screen to enter the Menu 3 setup

screen. Use the UP/DOWN arrow keys to adjust a setting to the desired value. Press the ENTER

key to save the value and proceed to the next screen. Press the SETUP/ESCAPE key to return to
the main screen without saving the current parameter’s value.

Menu Item Range Definition
Signal 0.033-2.0 This parameter controls the low-pass filtering of the input
Filter Hz signal. Setting the frequency lower gives a more stable
Frequency output reading. Setting the frequency higher gives a more
dynamic output reading. Signal filtering is applied to the
numeric readout only unless bar graph/4-20maA filtering is
ON (see setting below).
* Units of 1111 pA This parameter sets the displayed and output units of
Measure 2222 mg measure to be either pA or mg/m3. Conversion to mg/m3
first requires correlation testing and instrument scaling.
Auto- 1-30 This parameter controls how long the bar graph readout
Range Sec must be at either extreme before it automatically switches
Delay ranges. If the bar graph is switching ranges too often, the
auto-range delay should be increased.
* Peak Hold 0-60 This parameter sets the amount of time a rapidly
Time Sec occurring peak reading is displayed. Peak Hold is used
for processes that are very dynamic with spiking
readings.
* Bar Graph Yes/No This parameter enables or disables filtering of the bar
& graph and the optional 4-20mA output. The filtering
4-20mA applied is the Signal Filter Frequency parameter listed
Output above. Filtering is enabled by selecting YES and disabled
Filtering by selecting NO.
* 0-5000 These parameters are used to re-scale the output from
Correlation pA to mg/m3. Raw min/max values (pAl and pA2) are
Values pA1=0 entered and equivalent Scaled min/max values (pA3 and
MINIMUM | pA2=5000 pA4) are entered. The control unit will convert the Raw
and pA3=0 values to Scaled values automatically. To remove all
MAXIMUM | pA4=5000 scaling, set Raw min=Scaled min and Raw max=Scaled
(EM 70) max. Example: 0-5000pA = 0-4000mg/m?3
pA1=0, pa2=5000, mg3=0, mg4=4000
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6.5 Long Term Averaging

The long term averaging function provides a rolling average of the real-time readings over time.

)

<> /\ V T

SETUP INCREASE DECREASE ENTER
or or or or

ESCAPE NEXT PREVIOUS ACCEPT

MAIN REAL—
TIME SCREEN

) TOGELE SCREEN

MAIN  AVG.
SCREEN

Press the ENTER key to toggle between the Real-Time display and the Average display.

Main Units Description
Screen Shown
Real-Time pA Displays the real-time reading. Before display, the real-time
Display reading is processed through a low-pass input signal filter
which smoothes the reading. See the low-pass “Signal Filter
Frequency” setup in the Menu 3 setup section.
Average ApA Displays a selectable rolling time average of the real-time
Display reading. The average period (in minutes) is adjustable
through the average setup screen. The word “AVG” is quickly
shown in place of the readout once every five seconds,
indicating that the displayed and output reading is an
average.

Averaging setpoints are accessed through averaging setup screen. To enter the averaging setup screen,
press the SETUP key while viewing the MAIN AVERAGE screen. Navigation within the setup
menu is similar to that described in the previous setup screens.

MAIN - AVG.
SCREEN
$
aLe ADJUST
AVERAGE (A)or(V]
MINUTES
%sm{ VALUE
DISCARD
VALUE ADJUST
CLEAR (A)orR(V])
- [\ &R
AVERAGE
(P save vaLe

Press the SETUP key from the MAIN AVERAGE screen to enter the
AVERAGE setup screen. Use the UP/DOWN arrow keys to adjust
settings to the desired values. Press the ENTER key to save a value and
proceed to next setup screen. Press the SETUP/ESCAPE key to return
to the main average screen without saving the current parameter’s value.

Menu Item Range Definition
Average 0-360 Number of minutes the real-time

Period Min reading is averaged to compute the
average reading.

Clear YES/NO | When YES is selected and the enter

Average key is pressed the averaging is cleared

and the average reading is initialized
to 0.
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6.6 4-20mA Analog Output Scaling

Particulate levels may be transmitted to external devices with the 4-20mA analog output. Typical
applications include remote monitoring of particulate levels with a PLC, chart recorder or panel
meter. The 4-20mA output is transmitted as linear or multi-decade logarithmic output.

Two parameters determine the type of output signal. The “4-20mA Minimum Scale” parameter
determines the pA equivalent of the 4mA output. Setting this parameter to “0.0” enables the Linear
scale. A value other than “0.0” initiates Logarithmic scale. The “4-20mA Output Span” parameter
determines the pA equivalent of the 20 mA output.

The 4-20mA analog output represents the linear or logarithmic equivalent of the “pA” particulate
levels. Once the analog output has been transmitted to the PLC or chart recorder, it is recommended to
convert the 4-20mA signal back into pA to assist in data interpretation, alarm level determination and
historical data comparison. This can be of particular importance for EPA regulatory applications. The
following two examples show the formulas used to convert the 4-20mA signal into pA.

4-20mA Linear Output

Linear output is selected when the “4-20mA Output Minimum Scale” is set to “0.0” pA. To convert
the 4-20mA output signal back to pA, use the following formula:

PA = ((4-20mA Output Span) * (mA - 4)) / 16

Example:
Where: 4-20mA Minimum Scale = 0.0 and
4-20mA Output Span = 1000pA (from Menu #2)

4-20mA Output pA
4 0.0
5 62.5
6 125.0
7 187.5
8 250.0
9 312.5
10 375.0
11 437.5
12 500.0
13 562.5
14 625.0
15 687.5
16 750.0
17 812.5
18 875.0
19 937.5
20 1000.0
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4-20mA Logarithmic Output

To convert the 4-20mA logarithmic output back to pA, use the following formula:

1. Compute the number of output decades:

Number_Of_Decades =L og [(4-20mA Output Span)/(4-20mA Minimum_Scale)]

2. Scale mA input to proper log(10) argument:
Y = Number_Of_Decades * (mA —4.00) / 16

3. Convert log(10) argument to pA:

pA = 107(Y) * (4-20mA Minimum_Scale)

Example #1: See Menu #2 for details.
Where: 4-20mA Minimum Scale = 0.1pA
4-20mA Output Span = 1000pA
Number_Of Decades = Log (1000/0.1) =4

4-20mA Output Y pA
4 0 0.1
5 0.25 0.2
6 0.5 0.3
7 0.75 0.6
8 1 1.0
9 1.25 1.8
10 15 3.2
11 1.75 5.6
12 2 10.0
13 2.25 17.8
14 25 31.6
15 2.75 56.2
16 3 100.0
17 3.25 177.8
18 3.5 316.2
19 3.75 562.3
20 4 1000.0
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6.7

Example #2: See Menu #2 for details.
Where: 4-20mA Output Minimum Scale = 0.5pA
4-20mA Output Span = 500pA
Number_Of Decades = Log (500/0.5) =3

4-20mA Output Y pA
4 0.00 0.5
5 0.19 0.8
6 0.38 1.2
7 0.56 1.8
8 0.75 2.8
9 0.94 4.3
10 1.13 6.7
11 1.31 10.3
12 1.50 15.8
13 1.69 24.3
14 1.88 37.5
15 2.06 57.7
16 2.25 88.9
17 2.44 136.9
18 2.63 210.8
19 2.81 324.7
20 3.00 500.0

Interpreting Particulate Readings for Fabric Filter Applications

Particulate flow is very dynamic in nature, thus the output signal is also usually very dynamic. This is
more often the case with fabric filter and dust collection exhaust monitoring applications where filter
emissions and filter cleaning systems can cause wide ranging variations in the particulate levels.
When monitoring downstream of fabric filter, it is often possible for the difference between baseline
readings and peak readings following cleaning cycles, to vary by a factor of 10 or even 100. This is
the reason for the logarithmic output (linear output is also easily selected using the keypad).

The logarithmic scale provides the ability to simultaneously monitor and resolve the baseline and
peak readings. It is not uncommon to have baseline readings of less than 10pA while at the same time
peak readings may be over a hundred or more.

Particulate levels listed below are typical for new or well maintained bag or cartridge filter dust
collection system. Many factors, other than generic bag wear may contribute to high particulate levels
including but not limited to: Improper filter installation, bad tube sheet seals, improper filter media
for process conditions, high differential pressure or a lack of a filter cake buildup.
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IMPORTANT PARTICULATE READING GUIDE FOR FABRIC FILTERS

e The guide below is only an approximate guide for modern, highly-efficient baghouses

e With larger or older baghouses, readings can be significantly higher than the ranges shown below
e Shaker and reverse air baghouses will have higher peak readings as compared to pulse jet

e Readings tend to be higher when new filters are installed and a filter cake has yet to form

o  With small cartridge filters, the readings tend to be at the lower end of the ranges

¢ Readings tend to also be lower with highly-efficient filter media such as Gore-Tex® fabric (Gore-
Tex is aregistered trademark of W.L. Gore & Associates.)

Typical Readings and Guide for New Efficient Fabric Filters

AVERAGE
BASELINE READINGS ?aﬁti\:(clsiﬁglcl;ci? FILTER CONDITION
1-10pA Less than 50pA No significant emissions
10 -100 pA Less than 500pA Onset of emissions
100 — 1000pA Greater than 500pA Significant emissions present

IMPORTANT ALARM LEVELS FOR EPA COMPLIANT LEAK DETECTION

o Alarm levels for EPA compliant leak detection such as MACT regulations should initially be set as
low as possible until sufficient trend data has been logged and all considerations have been made.

e Do not increase the alarm levels without proper justification.

o Documentation of properly determined alarm levels is recommended as well as locking out alarm
set point adjustment except to authorized personnel.

e  Consult factory for alarm set point assistance and or FilterWare Visualization and EPA Compliance
Software for advanced alarming and alarm record keeping.
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6.8 Alarm Levels for Fabric Filter Applications

For fabric filter applications it is recommended to set two alarm levels either using the internal alarms
and or using the optional 4-20mA output signal that is sent back to a PLC or other recording system.
One alarm should be set based on the average base line reading and another alarm should set based on
the peak readings following cleaning cycles.

Normally, Alarm #1 is used for detecting sustained increases in the base line reading. For example a
baghouse that has new, highly-efficient filters may have an average baseline reading of 10-20pA. It
would then be recommend to set the baseline alarm at 30-50pA with an alarm delay time that was
long enough so that cleaning cycle peaks did not activate the baseline alarm. Each application can be
different (for example much higher readings are possible with larger, older baghouses) and each plant
may have different operating demands in terms of how sensitive the alarms should be set. It is,
therefore, recommended to initially set the alarm as low as possible and to trend and data log the
readings over time before finalizing the settings. Correlations to stack test data can also be
incorporated to correlate the output to actual mass concentration to set more quantitative alarms.

Normally, Alarm #2 is set to detect changes in the peak readings caused by the filter cleaning cycles.
Recall that as filters just begin to tear or become porous, the momentary puffs of particulate emissions
that normally occur just after a cleaning cycle will increase in peak height and duration (peak width).
Essentially the cleaning cycle amplifies the existence of small tears. Thus, setting an alarm to detect
changes in the peak emissions is often referred to as a Pre-Visible Alarm as it is the best, and most
reliable, approach to detecting emissions before become visible. When a sustained increase in the
baseline level occurs, particulate emissions will likely be visible and the filters should be changed
immediately. Where as, when only the peak emissions have increased, emission will likely not be
visible and there likely would be time to schedule changing the filters (i.e. early warning).

Telephone or on-site assistance is available to provide suggestions in setting alarm levels.

Typical Fabric Filter Emissions “Mass
500pA - ~500mg/m?
Filters wear, peaks grow. Tears grow larger.
Pre-Visible Alarm triggers. Max Alarm triggers
Baseline unchanged. \ when baseline shifts.
50pA — Peak_scausedfy Filter replaced. Prefer |—~50mg/m?
cleaning cycles replaca at Pre-Visible.
Pre-Visble |_ — —_— —_—— —
Alarm Level
5.0pA — — ~5mg/m?
Max Alarm 4 L
Level ‘ﬂ."]
Max Alarm I

0.5pA T»1—5 sec spike duration |_Dclav _| ~0.5mg/m?
Time ——>  *QOutput in mg/m* or gricf requires gravimetric lest.
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7. Manual System Zero Check

The System Zero Check is used at installation to confirm proper installation and for troubleshooting.
This check is mostly for control units that are not equipped with the optional self check subsystem.

WARNING

SAFETY

Always disconnect power to the control unit before making any wiring
changes at either the control unit or sensor as well as when making any
mounting changes or replacing any component.

Do not remove the sensor (even when power is disconnected) from a
running process if it will in any way compromise personnel or plant safety.

All regulatory and plant safety procedures must be followed at all times
while performing any equipment check or maintenance.

For hazardous area sensors, do not disconnect the external earth ground
strap.

Do not perform any procedure if it will in any way compromise hazardous
area procedures.

SYSTEM ZERO CHECK

1.

Shut the process off, stopping flow completely, including all airflow not just
particulate flow. The slightest amount of flowing particles can create a
signal. If process flow cannot be stopped, the particulate sensor can be
removed from the process and installed in a grounded test pipe to create a
shielded, no flow condition.

Let the system stabilize for 2-3 minutes.

Read the display. It should be below the control units specified minimum
detection level. If the system passes this check then it is assured that there
are no false signals entering the system.

If the system zero check is not successful, each component of the system should
be checked individually, in the following order:

1.
2.
3.

Control Unit Zero Check
Coaxial Cable Zero Check

Sensor Zero Check
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CONTROL UNIT ZERO CHECK

1. Disconnect power to the control unit.

2. Open the enclosure cover and unscrew the coaxial cable connector from the
control unit. Leave the connector inside the control unit enclosure. Make
sure the connector does not slip down into the conduit.

3. Close the control unit enclosure cover.

4. Re-apply power to the control unit and allow the reading to stabilize for 1-2
minutes.

5. Read the display. It should be below the control units specified minimum
detection level. If the control unit passes this check, there are no false
signals entering the control unit.

PASS:

1. Disconnect power from the control unit.

2. Open the enclosure cover and re-attach the coaxial cable connector to the
control unit.

3. Close the enclosure cover and proceed to the Coaxial Cable Zero Check.

FAIL:

1. If a zero reading cannot be obtained, close the enclosure cover and contact

the factory for further assistance.

COAXIAL CABLE ZERO CHECK

1. Disconnect power to the control unit.

2. Open the sensor enclosure cover and disconnect the coaxial cable center
conductor from the sensor probe end. Do not disconnect the coaxial cable
shield. Do not remove the probe from the process. Leave the coaxial cable
center conductor ring terminal hanging in free space within the sensor
enclosure (do not isolate it with tape) and close the cover.

3. Re-apply power to the control unit and allow the reading to stabilize for 1-2
minutes.

4. Read the display. It should be below the control units specified minimum
detection level. If the coaxial cable passes this check then there are no false
signals entering the coaxial cable.

PASS:

1. Disconnect power to the control unit.

2. Open the sensor enclosure cover and re-attach the coaxial cable center
conductor to the sensor probe end.

3. Close the sensor enclosure cover and proceed to the sensor zero check.

FAIL:

1. Check cable installation and routing instructions in the Installation section
of this manual for proper cable installation. Make any changes necessary.

2. Contact the factory for further assistance.
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Once the control unit and coaxial cable zero have been checked, proceed to the Sensor Zero Check.
To perform the sensor zero check the process flow must be stopped or a sensor test pipe (available
from Factory) or length of metal pipe will be needed (4”-6” diameter pipe or larger). The pipe should
be at least 3 in (8 cm) longer than the probe itself and must be grounded. The length of pipe will serve
as an electrical shield for the probe while it is out of the process.

SENSOR ZERO CHECK

1. Do not remove the sensor from a running process if it will in any way
compromise personnel, plant safety or hazardous area safety procedures.

2. Disconnect power to the control unit.

3. Remove the sensor from the process and insert it into the grounded metal
test pipe. For hazardous area sensors do not disconnect the external sensor
earth ground strap.

4. Re-apply power to the control unit and allow the reading to stabilize for 1-2
minutes.

5. Read the display. It should be below the control units specified minimum
detection level. If the sensor passes this check there are no false signals
from the sensor.

PASS:

1. Disconnect power to the control unit.

2. Remove the sensor from the grounded test pipe and re-insert into the
process. For hazardous area sensors do not disconnect the external sensor
ground strap.

FAIL:

1. Contact the factory for further assistance.

When performing a zero check, keep in mind that it may be acceptable to consider a small false signal
negligible. For example if the baseline readings are 100pA and a system zero offset of 1pA was
found, this is only a 1% affect on the normal readings. If using the device for basic flow/no flow
detection or basic emissions detection, this would not be significant.
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8. Automatic Self Checks

An optional self check subsystem is available to automatically verify calibration and proper operation
of the electronics, sensor and cable. Self checks can be performed while the system is online and
monitoring particulate. No external test equipment or operator intervention is required to activate or
complete the self check routines. Any errors detected by the self checks are reported through the
display, 4-20mA, relay and Modbus® outputs. The following automatic self checks are performed:

e  Control Unit Hardware Check

e  Control Unit Calibration (Zero and Span)
e Sensor Cable Check

e Particulate Sensor/Probe Check

The control unit zero and span self checks that are performed meet all requirements of the EPA
MACT Quality Assurance specifications. Self checks are automatically run every hour. A manual Self
Check may be activated anytime through the control unit keypad.

8.1 Control Unit Hardware Check

The Control Unit Hardware Check is an automatic check of all major electrical components in the
control unit. This check is automatically performed each time power is applied to the control unit.

Check

Description

Watchdog Timer

Monitors all program tasks running in the microprocessor and
automatically resets the processor in the event of lock-up.

SRAM Checks the integrity of the SRAM memory.
. Checks the integrity of the Non-Volatile memory. The results of this
Non-Volatile L .
Memory check produce a checksum value which is analyzed each time a non-

volatile memory write occurs.

Option Board

Checks for proper installation of Power Supply, RS-485 and Self
Check option boards.

Analog Converter
Calibration

Checks calibration of the 22 bit high resolution analog converter.
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8.2 Control Unit Zero Check

The Zero Check will verify instrument zero calibration.

automatically perform the following procedure:

1.

2
3.
4

Electronic disconnect of the particulate sensor cable

Allow the reading to stabilize

Measure the reading and compare to the allowable zero tolerance

Electronic re-connect of the particulate sensor cable and resume normal operation.

There are four independent methods to activate the zero check:

Method

Description

Power-Up

A zero check is automatically performed each time power is applied to
the control unit

Keypad

The operator may activate a zero check manually through the control
unit keypad. Reference Menu #2 setup tree for complete details.

Automatic

The control unit may be configured to automatically perform a zero
check on a period basis. A re-settable delay timer controls the time
period between self checks. The delay timer is set to 1 hour by default.
The delay timer is reset each time self checks are performed regardless
of the activation method.

Automatic self checks may be activated at preset hourly, daily and
monthly dates/times when connected to a computer running the
FilterWare Visualization application.

Remote

The operator may activate a zero check manually when connected to a
remote computer running the FilterWare Visualization application.
Alternately, self checks may be independently activated from any
remote PC or PLC with Modbus® communication capability.

The internal self check subsystem will
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8.3 Control Unit Span Check

The Span Check will verify the instrument span calibration. The internal self check subsystem will
automatically perform the following procedure:

Electronic disconnect of the particulate sensor cable
Electronic input of a calibrated pA reference signal

Allow the reading to stabilize

1
2
3
4. Measure the reading and compare to the allowable span tolerance
5. Electronic disconnect of the reference signal

6

Electronic re-connect of the particulate sensor cable and resume normal operation.

There are four independent methods to activate the span check:

Method Description

A span check is automatically performed each time power is applied

Power-Up to the control unit

The operator may activate a span check manually through the control

Keypad unit keypad. Reference Menu #2 setup tree for complete details.

The control unit may be configured to automatically perform a span
check on a period basis. A re-settable delay timer controls the time
period between self checks. The delay timer is set to 1 hour by default.
) The delay timer is reset each time self checks are performed regardless
Automatic of the activation method.

Automatic self checks may be activated at preset hourly, daily and
monthly dates/times when connected to a computer running the
FilterWare Visualization application.

The operator may activate a span check manually when connected to a
remote computer running the FilterWare Visualization application.
Alternately, self checks may be independently activated from any
remote PC or PLC with Modbus® communication capability.

Remote

8.4 Sensor Cable Check

8.5

Integrity of the sensor cable is checked using advanced digital signal processing algorithms. The cable
check operates continuously and does not interfere with normal monitoring of the process particulate
signal. The sensor cable check is disabled while zero or span checks are being performed.

For proper operation of the sensor cable check a process running signal must be provided to the
control unit. Reference section 8.6 for full details.

Particulate Sensor Check

Operation of the particulate sensor/probe is checked using advanced digital signal processing
algorithms. The particulate sensor check operates continuously and does not interfere with normal
monitoring of the process particulate signal. The particulate sensor check is disabled while zero or
span checks are being performed.
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8.6

8.7

Process Running Signal

A process running signal indicates to the control unit whether the main process fan is ON or OFF.
Connection of a process running signal adds the following capabilities to the automatic self check
subsystem:

1. Sensor cable check — reference section 8.4 for further details.

2. Automatic system zero — verifies zero of the total system electronics, cable and sensor while fully
installed in the process.

For proper operation the following conditions must be met:

1. A process running signal must be connected to the control unit process run relay input channel.
This signal must be provided from an isolated, non-powered relay contact that closes when the
main process fan is on, and opens when the main process fan is off. A motor starter auxiliary
contact and/or separate control relay are typically used to provide this signal to the control unit.
Refer to the installation drawings for details on making connections to the relay input channel.

2. The process run relay input channel must be enabled for use. Reference menu #2 setup tree for
complete details.

Monitoring Self Check Status
There are four independent methods to monitor the status of the self check subsystem.
LCD Display

The control unit’s LCD display will indicate the current status of the self check subsystem as listed
below:

PV Units Display Indication
‘pA’ or ‘mg’ No self checks currently running. The most recent self checks were

successful, no failures

‘SCr’ Zero check in process

‘SC2 Span check in process

‘ERY’ Zero error

‘ER2’ Span error

‘ER3’ Sensor error

‘ER4’ Cable error

‘ER5’ SRAM error

‘ER6’ Non-Volatile memory error

‘ERT’ Option board error

‘ERS8’ Analog converter error

‘ERY’ System zero error
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Alarm Relay

An alarm output relay can be activated if any self checks are unsuccessful. The alarm relay will
remain activated until a subsequent self check is performed successfully, or power to the control unit
is disconnected. Alarm relay #1 will be activated in the event of a self check failure by default. Alarm
output relays may be configured to operate in normal or fail-safe modes.

4-20mA Output

The 4-20mA output will be driven to non-standard levels to indicate self check status as listed below:

mA Output Indication
3.8mA Zero or span check in process, sensor is disconnected
3.6mA A self check error has occurred

8.8

8.9

Serial or Ethernet Communication Network

All information regarding status, control and setup of the self check subsystem is accessible as
register data through the control unit’s communication network. See the Modbus® register map at the
end of this document for a complete detailed listing of registers data available.

Particulate Alarming During Self Checks

All particulate alarms are put in a suspend mode while a self check is being performed. When a self
check is completed, all particulate alarms will resume normal operation.

Self check Recording

EPA MACT regulations require that plants maintain a record of all self checks performed. To reduce
the number of plant personnel required to generate these records, the control unit provides two
methods suitable for automated record generation.

4-20mA Output

The 4-20mA output will be driven to specific, non-standard levels to indicate that self checks are
being performed and if any self check has failed. A PLC may be easily configured to monitor for
these specific, non-standard, mA levels and transmit status information to a central plant information
network for record storage.

Serial or Ethernet Communication Network

The overall status of each self check, as well as the results of the most recent self checks performed,
are accessible through the Modbus® network port. This information may be monitored and logged
with a remote PC running SCADA application software. Optional FilterWare Visualization and
Reporting software is available to monitor all of the control units self check information and
automatically generate MACT compliant self check reports.
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9. Troubleshooting

The following is primarily used when troubleshooting a system without the optional automatic self
checks. When troubleshooting, consider each component of the system: The control unit, the sensor
coax cable and the sensor assembly.

False High Signals (False Alarms)

1. When an apparent false high signal is present, first check the process to be sure the particulate
level has not increased. Keep in mind that the system can detect very low levels. In filtration
applications the system can detect invisible particulate levels and very small emissions.

2. Check the sensor cover and conduit seal to be sure they were not left open allowing rain to enter
the housing. Check the coaxial cable connectors using a digital voltmeter and check for shorts. If
nothing can be found, conduct a manual system zero check.

No Reading or Alarm (When Believed Necessary)

1. Increase the particulate level or introduce particulate into the air stream and monitor for a response.
If the system responds properly re-evaluate the selected alarm points and the process conditions.

2. If there is no response, check for electrical continuity from the sensor to the control unit end of the
coax cable.

3. Contact the factory for a Field Test Unit that can generate a signal to check response and
calibration.

10. Routine Maintenance

WARNING EQUIPMENT MAINTENANCE

e Only appropriately licensed professionals should perform maintenance on
this product.

e For operator safety and to prevent ignition of flammable or combustible
atmospheres always disconnect power before servicing.

Particulate Sensor: There is no electronic calibration or zero adjustment for the sensor. The sensor
does not normally need any cleaning and for optimal performance, routine cleaning of the sensor is
not recommended.

Control Unit: The viewing window, keypad and enclosure may be cleaned with soap and water as
needed. Use a soft cloth to prevent scratching the window. Do not use an abrasive pad or any
chemicals that will attack plastic or Lexan.
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11. Spare Parts

Item Details Mfr Part No.
Line Fuse, 115/230VAC 0.032A 250V Slo-Blo type ‘T’ LittleFuse
218.032
0.050A 250V Slo-Blo type “T” when LittleFuse
Self Check Option is installed 18.050
Line Fuse, 24VvDC 0.250A 250V Slo-Blo type “T’ 218.250

Control Unit

Control Unit Family

Refer to Product Label

Particulate Sensor

Variable Lengths & Connections

Refer to Product Label

Particulate Sensor Cable

Coax, SMA x Ring Lugs

CCA-Feet
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12. Appendix

Modbus®/RTU RS-485 Networking Protocol

Ethernet/IP® Networking

Installation & Hazardous Area Control Drawings
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12.1 Modbus®/RTU RS-485 Networking Protocol

The RS-485 networking feature allows up to 32 control units to be connected to a multi-drop
communications network. When connected to the network, any device on the network may be
monitored and controlled by a remote device such as a PLC or Computer using Modbus®/RTU
protocol.

Network Hardware Description

RS-485 is a standard industrial network used for serial communications between multiple devices
from a single connection. Electrical communication signals are transmitted differentially providing
immunity to electrical noise and power supply variances. Signals are transmitted between devices
over a single twisted pair wire with shield. Communications are half-duplex (cannot transmit and
receive at the same time). Serial baud rate is fixed at 19,200 bps. The serial frame is fixed at 8 data
bits, 1 stop bit and no parity. Communications are supported over a maximum network length of 4000
feet. When connecting more than two devices on the network, all devices should be wired “in-line’
and not in a “star’ configuration.

A terminating resistor must be present at each end of the RS-485 network to eliminate transmission
reflections on the serial line. Some control units contain a two-position jumper to allow the device to
be either terminated (T) or un-terminated (U). The terminating resistor connected in the (T) position is
1200hms. All other devices on the network that are not at a network end must be set to un-terminated
(V). For control units that do not contain a terminating jumper, a 120ohm % watt resistor may be
placed across the RS-485 +/- output terminals.

PLC Connection

Connection to plant PLC’s is dependant upon the communications ports available on the specific PLC
being used. Ensure that the communications port connected to is not limited to a PLC manufacturer’s
proprietary network protocol such as Allen-Bradley Data-Highway or Remote 1/0. Modicon’s
Modbus® “Plus” protocol is also not supported. This is a Modbus® RTU protocol.

Some configuration may be required in the PLC to set the communications port to Modbus®/RTU.

RS-485 Communications Ports

A network connection may be directly wired to any communication ports that support half-duplex RS-
485 and Modbus®/RTU protocols. Refer to the PLC manufacturer’s literature for specific details on
connections to the PLC communications port.

Network connections to RS-232/RS-232C or RS-422 ports are supported with the addition of a
converter module. As with the RS-485 port, the Modbus®/RTU protocol must be supported for proper
operation. Converter modules are available from the factory. The converter module modifies the
voltage levels and wiring connections to allow different RS connections to work together. Converter
modules generally require their own power source, which must be provided in the PLC cabinet.

When using an RS-485 to RS-232 converter the converter must be setup so it will transmit when the
TD line is asserted.
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Personal Computer Connection

Connection to a personal computer is made to the RS-232 COM port with the addition of a converter
module. Converter modules are available from the factory. The converter module modifies the voltage
levels and wiring connections to allow different RS connections to work together. Converter modules
generally require their own power source, which may be supplied with a wall-mount transformer
power supply.

Network Protocol Description — Modbus®/RTU

The communication protocol used to transmit data between network nodes is Modbus®/RTU
developed by Modicon. Devices communicate using a master-slave technique, in which only one
device (the master) can initiate transactions (queries). The other devices (slaves) respond by supplying
the requested data to the master, or by taking the action requested in the query.

When using our PC software packages the Modbus® protocol is coded into the software so that
configuration and operation of the network devices and software is simple. The user has no need to
know the specifics of the Modbus® protocol or the types of messages sent and received. All of the
low-level communications functions are taken care of and are transparent to the system user. The PC
running our software is configured as the network master and all other devices on the network are
configured as slaves.

Modbus® Message Description

The Modbus® protocol establishes the format for the master’s query by placing into it the device
address, a function code defining the requested action, any data to be sent, and an error-checking field.
The slave’s response message is also constructed using Modbus® protocol. It contains fields
confirming the action taken, any data to be returned, and an error-checking field. If an error occurred
in receipt of the message, or if the slave is unable to perform the requested action, the slave will
construct an error message and send it as its response.

Three data types are supported:
Discrete (1-bit)
Integers (16-bit)
IEEE Floating point (32-bit)

Modbus® Protocol Function Codes

Code Function Description
01 Read Coil Status Reads digital outputs or 1 bit data registers
02 Read Input Status Reads digital inputs or 1 bit data registers
03 Read Holding Register Reads analog outputs or 16 bit data registers
04 Read Input Register Reads analog inputs or 16 bit data registers
05 Force Single Coil Writes digital outputs or 1 bit data registers
06 Preset Single Register Writes analog output or 16 bit data register
07 Read Exception Status Reads status information
15 Force Multiple Coils Writes digital outputs or 1 bit data registers
16 Preset Multiple Registers Writes analog outputs or 16 bit data registers
17 Report Slave ID Reads device type information
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Modbus®/RTU Registers

Register Description Data

Address 0x Reference: Discrete output coils Type
00001 |Alarm relay 1 (1=ON, 0=0OFF) Bit
00002 |Alarm relay 2 (1=ON, 0=0OFF) Bit
03073 |Alarm status - alarm 1 (1=ON, 0=0FF) Bit
03074 |Alarm status - alarm 2 (1=ON, 0=0OFF) Bit
03247 |Zero Check Running Status (1=Running, 0=Not Running) Bit
03248 |Span Check Running Status (1=Running, 0=Not Running) Bit
03249 |Full System Zero Check Running Status (1=Running, 0=Not Running) Bit
03251 |Zero Check Remote Activation (Set to 1 to Activate) Bit
03252 |Span Check Remote Activation (Set to 1 to Activate) Bit
03254 |Probe & Cable Check Status (1=Error, 0=0K) Bit
03255 |Zero Check Status (1=Error, 0=0K) Bit
03256 |Span Check Status (1=Error, 0=0OK) Bit
03257 |Full System Zero Check Status (1=Error, 0=0K) Bit

Description
4x Reference: Holding registers
40609 |Process Variable 1 - particulate (pA) Float
40611 |Process Variable 2 - averaged particulate (pA) Float
42309 [Correlation Scaling Raw Minimum (pA) Integer
40705 |Correlation Scaling Raw Maximum (pA) Integer
40641 |Correlation Scaling Scaled Minimum (mg/m3 or gr/ft3) Integer
40647 |Correlation Scaling Scaled Maximum (mg/m3 or gr/ft3) Integer
40721 |Process Variable Units of Measure (0=pA, 1=mg/m3, 2=gr/ft3) Integer
40737 |Alarm 1 Level - (pA) Float
40739 |Alarm 2 Level - (pA) Float
40769 |Alarm 1 delay - (sec) Integer
40770 |Alarm 2 delay - (sec) Integer
43363 |Zero Check Delay Between Checks (Hours) Float
43365 |Span Check Delay Between Checks (Hours) Float
43367 |Full System Zero Check Delay Between Checks (Hours) Float
43381 |Probe & Cable Check Relay to Activate (0=None, 1=Relay 1, 2=Relay 2) Integer
43382 |Zero Check Relay to Activate (0=None, 1=Relay 1, 2=Relay 2) Integer
43383 |Span Check Relay to Activate (0=None, 1=Relay 1, 2=Relay 2) Integer
43384 |Full System Zero Check Relay to Activate (0=None, 1=Relay 1, 2=Relay 2) | Integer
43399 |Zero Check Allowable Tolerance (pA) Float
43404 |Span Check Allowable Tolerance (pA) Float
43409 [|Full System Zero Check Allowable Tolerance (pA) Float
43401 |Zero Check Settling Time (milliseconds) Integer
43406 |Span Check Settling Time (milliseconds) Integer
42402 |Result Measured from Last Zero Check (pA) Float
42407 |Result Measured from Last Span Check (pA) Float
42412 |Result Measured from Last Full System Zero Check (pA) Float
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12.2 Ethernet/IP® Networking

The Ethernet/IP® networking feature allows communication between control units and other
devices on an Ethernet/IP® network. Ethernet/IP® is a common networking protocol supported by
Allen-Bradley equipment and other third party vendors.

Network Hardware Description

Ethernet is one of the most common networking topologies in use today. Devices on the Ethernet
network are connected to a central Ethernet switch which links devices together and filters network
traffic. Devices must be connected directly to a switch using a standard Category 5e Ethernet
cable, or directly to another Ethernet device using a crossover Category 5e Ethernet cable. The
maximum length supported for a single Ethernet connection is 100 meters, additional lengths
require installation of switches/repeaters or alternate networking hardware such as fiber optics.
Ethernet networks typically run at a speed of 100Mbps. Both 10Mbps and 100Mbps data rates are
supported by the control unit with an auto-sensing Ethernet PHY interface.

The control unit is available with a Modbus®/RTU RS485 communication port located directly
within the control unit enclosure. The particulate monitor’s Ethernet/IP® interface is typically
supplied as an external converter housed in a separate enclosure due to the limited space within the
standard control unit enclosure. The Ethernet/IP® converter translates between Ethernet/IP®
network messages and Modbus®/RTU control unit messages. With this functionality the control
unit appears as an ordinary Ethernet/IP® device on the Ethernet network.

Network Protocol Description

Ethernet/IP® is an open networking protocol governed by the Open DeviceNet Vendor Association
(ODVA) and was originally developed by Allen-Bradley. It is built upon a producer/consumer
connection structure where data is grouped into assemblies for transmission over the network.
Connections between devices requiring communications on an Ethernet/IP® network are created as
either an 1/0 or Explicit messaging type. Explicit connections are supported only for factory
configuration data, no user data is available over an explicit connection. A maximum of 1
Ethernet/IP® 1/0 connection and 2 Ethernet/IP® TCP connections are supported.

The TCP stack currently being used does not properly support TCP Keepalive functionality.
Therefore, when an Ethernet/IP® UDP 1/O connection is established, if there is no Ethernet/IP
activity on the parent TCP connection, the UDP and TCP connections will time-out after 30
seconds. This can be easily avoided by adding a periodic Get_Attribute_Single request (every 15-
20 seconds is fine) from the I/O client. This request will keep the TCP connection alive and
prevent time-out from occurring.

For complete details on the Ethernet/IP protocol visit the ODVA website at www.odva.org.
Explicit Message Connections

Changes to the Ethernet/IP® module’s internal configuration are accomplished with explicit
messages. Contact the factory for further information on internal configuration changes above and
beyond IP address and Subnet mask.

Explicit messages may be issued by various software packages, most typically RSNetworx® for
Ethernet/IP® from Rockwell Software or EIPScan® from Pyramid Solutions. From within
RSNetworx® for Ethernet/IP® explicit messages may be issued with the Class Instance Editor as
shown below:
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#4 Class Instance Editor - [Node 172.20.206.81]

Jed

— Execute Tranzaction Arguments

Service Code Object Address

Clazs: Ihgtance: Attribute;
Walue  Description |1 1 1
IE IGEt Single Atiribute j ¥ | Send the atiitute (D

D ata zent ta the device:
-

™| alues i decimal

Tranzmit data size:
I Byte

—Receive Data
[ ata received fram the device:

| |ac03
=

Cutput zize format:
I Byte

Dutput radis Farmat:
I Hexadecimal

Cloze

Network Addressing and BOOTP Behavior

Communication over an Ethernet network typically requires a device to be setup with two
addressing parameters, a MAC address and an IP address. The MAC address of the Ethernet/IP®
module is fixed and is listed on the enclosure.

The IP address is set to a factory default value of 192.168.0.254 with subnet mask 255.255.255.0
when shipped. To change the IP address a BOOTP server must be present on the Ethernet network.
The following procedure is used to change the IP address:

1. The Ethernet/IP® module must be unlocked to allow changes to its internal configuration. By
default the module is locked at power-up. To toggle the lock state the following explicit
message must be sent to the module:

Service Class Instance Attribute Data
0x45 0x67 0x89 0xAB 0xCD

2. BOQOTP operation within the module must be ENABLED. By default BOOTP operation is
disabled. After the IP address has been set BOOTP operation must be set back to disabled.

To ENABLE BOOTP operation the following explicit message must be sent to the module:
Service Class Instance Attribute Data
0x10 0x64 0x01 Ox6E 0x01

3. Launch a BOOTP server on the network and configure it with the MAC address of the module
and the desired new IP address and Subnet mask.

4. Cycle power to the module. Once power is re-applied the module will broadcast a BOOTP
request for an IP address. The BOOTP server should respond by assigning the desired IP
address to the module.

5. Unlock the module again to allow changes to the configuration. To toggle the lock state the

following explicit message must be sent to the module:
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Service

Class

Instance

Attribute

Data

0x45

0x67

0x89

0xAB

0xCD

6. BOOTP operation within the module must be DISABLED. To DISABLE BOOTP operation
the following explicit message must be sent to the module:

Service

Class

Instance

Attribute Data

0x10

0x64

0x01

OX6E 0x00

7. Cycle power to the module. Once power is re-applied the module will come online with the
new IP address and Subnet mask. BOOTP operation should be disabled at this point so no

BOOTP requests will be issued by the module.

8. A network ping should be used to verify that the IP address and Subnet mask have been set

correctly.

The control unit must always be configured with Modbus®/RTU RS-485 network address set to 1.
Input (T->0) Assembly Object (Class 0x04, Instance 0x65)

The following is a mapping of 1/0 values for the standard Ethernet/IP® assembly object instance
0x65. These are values that are sent from the Ethernet/IP® server (control unit) to the Ethernet/IP
client (typically a PLC). The input assembly size is 13 (16 bit words).

Data Types

Bool — 1 bit Boolean discrete data

Usint — 16 bit unsigned integer analog data

Sint — 16 bit signed analog data

Float — 32 bit signed floating point analog data

Floating point values are represented in IEEE format (32-bit) where the 1% register is the LOW
word and the 2™ register is the HIGH word.

Input (T->0) Assembly Object (Class 0x04, Instance 0x65) Size 13 (16 bit words)

16-Bit | Modbus® | Range | Range | Units Data Description
Word Type
Address | Address Min Max
0 - 0 65535 Usint Network status (0=ok, >0=error)
1 - 0 65535 Usint | Alarm status 1-16 (1 = alarm, 0 = ok)
1:0 03073 0 1 Bool Alarm status — Max alarm #1 (1=ON, 0=0OFF)
1:1 03074 0 1 Bool Alarm status — Pre-Visible alarm #2 (1=ON, 0=0FF)
2 - 0 65535 Usint Self check status information
2:0 03247 0 1 Bool Zero check status (1=RUNNING, 0=NOT RUNNING)
2:1 03248 0 1 Bool Span check status (1=RUNNING, 0=NOT RUNNING)
2:2 03249 0 1 Bool Full system zero check status (1=RUNNING, 0=NOT
RUNNING)
2:3 - 0 1 Bool Not Used
2:4 03251 0 1 Bool Zero check remote activate (1=ACTIVATED, 0=NOT
ACTIVATED)
2:5 03252 0 1 Bool Span check remote activate (1=ACTIVATED, 0=NOT
ACTIVATED)
2:6 - 0 1 Bool Not Used
2:7 03254 0 1 Bool Probe and cable check status (1=ERROR, 0=0K)
2:8 03255 0 1 Bool Zero check status (1=ERROR, 0=0K)
2:9 03256 0 1 Bool Span check status (1=ERROR, 0=0K)
2:10 03257 0 1 Bool Full system zero check status (1=ERROR, 0=0K)
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2:11 - 0 1 Bool Not Used
Thru
2:15
3 40609 0 5000 pA Float Particulate process variable LO word
4 40610 Particulate process variable HI word
5 40611 0 5000 pA Float Averaged particulate process variable LO word
6 40612 Averaged particulate process variable HI word
7 40737 0 5000 pA Float Alarm level — Max alarm #1 LO word
8 40738 Alarm level — Max alarm #1 HI word
9 40739 0 5000 pA Float Alarm level — Pre-visible alarm #2 LO word
10 40740 Alarm level — Pre-visible alarm #2 HI word
11 40769 0 600 Usint | Alarm delay — Max alarm #1
12 40770 0 600 Usint | Alarm delay — Pre-visible alarm #2
Output (O->T) Assembly Object (Class 0x04, Instance 0x66)
The following is a mapping of 1/0 values for the standard Ethernet/IP® assembly object instance
0x66. These are values that are sent from the Ethernet/IP® client (typically a PLC) to the
Ethernet/IP® server (control unit). The first word in the map contains the run/idle bit (bit 0). The
run/idle bit controls write access to the control unit. When the run/idle bit is set to 0 the control
unit is set to idle mode. In idle mode, the Ethernet/IP® server will allow read only access to the
control unit. When the run/idle bit is set to 1 the control unit is set to run mode. In run mode, the
Ethernet/IP® server will allow both read and write access to the control unit. The run/idle control
is defined for communications purposes only and has no affect on any other normal
control/sensing/alarming operation of the control unit.  The output assembly size is 7 (16 bit
words).
Data Types
Bool — 1 bit Boolean discrete data
Usint — 16 bit unsigned integer analog data
Sint — 16 bit signed analog data
Float — 32 bit signed floating point analog data
Floating point values are represented in IEEE format (32-bit) where the 1% register is the LOW
word and the 2™ register is the HIGH word.
Output (O->T) Assembly Object (Class 0x04, Instance 0x66) Size 7 (16 bit words)
16-Bit Modbus | Range | Range | Units Data Description
Word ® Type
Address | Address Min Max
0 - 0 1 Usint Run/ldle mode setting (O=idle/read only, 1=run/read write)
1 40737 0 5000 pA Float Alarm level — Max alarm #1 LO word
2 40738 Alarm level — Max alarm #1 HI word
3 40739 0 5000 pA Float Alarm level — Pre-visible alarm #2 LO word
4 40740 Alarm level — Pre-visible alarm #2 HI word
5 40769 0 600 Sec Usint | Alarm Delay HI Particulate
6 40770 0 600 Sec Usint | Alarm Delay HI Delta P
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Configuration Assembly Object (Class 0x04, Instance 0x80)

The configuration assembly object is not implemented. However, some Ethernet/IP® clients
require one. If this is the case, use Instance ID 0x80 with a data length of 0.
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Notes:

Document No. 210-1003-M Page 42 ©2007



ONIMYYQ NOLLVTIVLSNI

HOLINOW 3LVINOLLAYd o), | SHom N

'S3UNVd QY¥IHL OL 397NAIQ
1ON 0Q °NIAQIGY04 ALORILS S| JIOHM ¥0 Livd NI NOLLONAOHd3Y
TVLIN3AIANOD

SONILLIS AYINT 1INANOJ ¥O4d

(xg) SITOH d3ddVL 1dN Y

"HLONTT 3803d ¥OSN3S 3HL S3INLL € OL | SI 1VHL AN3I—HOSN3S 3HL 1v LINANOD X314 G3dTIIHS 40 4001 3JIAM3IS V TIVISNI *

‘LINANOD TVIIN ‘d3ANNOYS NI @ISOT1ON3 38 LSNW ST1Ev0 TV

‘STTIONV LHOIM 1V SHOLONANOD SSOMO 'SIOUNOS ADHINI IALLONANI ANV ONIMEVD HIHLO WOHd (¥3LIN S°0) SIHONI 8L 40 NOLLVEVAIS NIVINIVA °
‘STNEVD TWVIXVOD HOSNIS ALVINOILMVA ¥IHIO 1d3DOX3 'T1av0 HIHLO ANV HLM 3LNOM LION Od ANV 3LNLULSANS LON 04 °L

J18v0 VIXVOO HOSN3S 3LVINOILAVd

NN <+

‘d3VAS AT¥3dO¥d 3dv SHYIAOD ANV SONLLLY TIV JUNSNI ANV WOLLOE 3HL WO¥d4 LNANOD TV 3LN0Y "+

“JONVY JANLVH3IdNIL Q314103dS 3HL 3AISLNO 0 NOLLVHEIA HOIH 40 V3I¥V NV NI LINN TOMINOD 3HL INNOW LON 0Q °

‘LHOIIM 1INN TTONINOD 3IHL SINLL 3Ald 1¥OddNS JINOHS ONLINNOW “13A31 3A3 1V S| JOVJYAINI ¥OLVH3dO JHL OS LNN TTONINOD 3HL INNOW °
*LOINNOJSIA ¥3IMOd TvORILOITI AUVRIAONddY NV 40 1HOIS NIHLIM LNN TOHINOD 3HL INNOW °L

(AL34vS 04 S300D TVOOT TV ANV 93N 3HL OL 3¥3IHAV) ONLNNOW

M

YWOSZ ‘SLINN Q34¥IMOd OGAYZ 00 d04 ONILVY 3snd °¢

‘(NOILO XO3HO A13S HLIM SLINN ¥04 VWOS) VWZE :SLINN QIYIMOd OVAOSZ ‘OVAGLL OV ¥04 ONILVY 3Snd "2
"INTIVAIND3 ¥O 812 13QON 3ISNJFILLN ‘A0SZ L, HLIM 3OVId3IY 3sSnd 3INM °L

*ONISNd

“SANM3AIND ¥3HLYNI ¥Od4 2661—00LL ANV 2861—8LG QUVANVLS 3331 OL ¥343d 9

“ALVIIdO¥ddY 3HIHM NOISSIdddNS 3:NS TIVISNI ANV AOMINI JALLONANI 4O S3DUNOS WOUd AVMY SHOSNIS ANV ONIYIM 3LN0Y °
*STIONV LHOIM 1V ONIMIM O/1 TOMINOD ANV MIMOd SSOYO LSNN ONIMIM SNOILVIINNNWOD ANV O/1 D0TWNV ¥

"ONLLNOY ANV ONIOVAS ¥3dO¥d OL 3¥3IHAY ANV ONRIM SNOLLYOIINNWNOD ‘O/1 DOTWNY ‘0/1 TOHINOD ‘¥3IMOd ¥O4 LINANOD 3LVMVd3S 3Isn ¢
'WNWININ A009 38 1SNN ONIMIM MIMOd TIV "LNANOD TVIIW ‘dIANNONO NI ISOTON3 38 LSNN ONRIM TV °Z

‘STVNINYAL 0314103dS JHL OL 3avN 38 ISNW SNOILDINNOD ONNO¥O HLYNVI ¥3dodd L

(AL34vS ¥04 S300D TWOOT TV ANV D3N 3HL OL 3¥3IHAV) TWORLOITI

n

"AINO SNOLLYOOT AMVNIGHO NI SIHOMd 0LSd HLIM Q3SN NIHM NOLVHIJO ¥3dOMd ¥O4 QITIVISNI 38 ISNA Z# TYNINNAL OL L# TYNINYIL WOH4 ¥3JWNF ANNOHD 2
‘3Sv8 3WNSOTONI 3HL

0L ¥3A0Q 3YNSOTONI 3HL WOY4 YIJNNP ONNOYO IHL JAOW3YN LON 0Q "MOOTE TYNINY3L NIV JHL 40 L# TYNINYAL OL LOINNOD LSNIA JMIM ONNOY¥O HI¥V3 3ALLO3LONd L

“ONIGNNOYO
“3UNSOTONI JHL ONINIdO 340438 LINN TTOMINOD 3HL OL ¥3MOd TV LO3NNOJSIA “L

.9 40 WNAININ Vv LINONOD ALLIVS
OINI AN3LX3 LSNIN ¥3AYT MNINHS LvaH
3UNSOTONI 3AISNI HIONTT JHIM WAWIXYN L LL *XJEW3SSV HOSN3S QIAOYdY
J18v0 IVIXVOD HOSNIS ANV LINN TOMINOD Q3AOMddY HLIM WILSAS V3NV SNOG¥YZVH dIAO¥ddY NV 40 l¥vd SV @3MNddnS ANV J¥NSOTONI @3sdnd
¥0 J4008d—NOISOTdX3 d3LVH AT3LVINdO¥ddY NV 3AISNI S| Ll SSIINN VIYY SNOANVZVH V NI LINN TOMINOD 3HL 31vO01 ION 04 ‘¢
*(SV34V 34vS SNOANVZYH—NON) SNOILVO0T AMVNIA¥O NI d3LVD0T 38 AINO AVAN LINN TONINOD 3HL T
3IYNSOTONI 3AISNI HIONIT I18vD WNNIXVIA L LL "NOILVTIVLSNI ¥3d0¥d ¥04 @3mo1104 389 ISNN S00L-—-SZ2 OZ_;«Q.D TIOYINOD VIMV SNOGMVZVH L
ONIIM O/1 TVLISIA ANV SOTVNY “SNOLYTIVISNI V3V SNOANVZVH
‘XVA [ww 0L] 0¥'0 ¥3LAWVIA aV3IH 3JAON3Y 1ON 0d
3MNSOTONI IAISNI HIONIT F18v0 WNNIXVN L Lt SYINILSVA 9N MO OL# SLdIDOV ¥3dNNP ANNOYS ONIANOE
[ ———/—_ __/ ONIIM TONINOD NV ¥3MOd OV (X¥) I10H ONIINNOW 62708 NOLLOINNGD SHOMIIN
- N _ _ _ S8Y—SYy TYNOILIO
Vs H H H H H ~N Ve ~N 7 7T HI - HI - ~ Ve 7 ~N
O I——F—--1 (@) (@] (@) (@) ‘ (@) O L (@)
@ f @ ® OCe < @ @ ® ———TVANVA OL ¥343Y
\_ (s H 3 10d ININLSNrQV O¥3z
S i O
o 3 u
o 2 [T——4+AINO NILHOIL HIONId+
IS YOLOINNOD
_ = » _ VWS T1avd
I u g u I D S| VIXVOD HOSN3S
H = H [™~——sLuNn aa¥amod
= — S — JQA¥Z NO QI TIVISNI
@ [E ® 10N “HOLIMS
T AL 4| 40103 T3S IOVLIOA
/@ O\ /@ O\ J © . @\/
- ( S3LON_ONISN4 335
asnd aNn
[ov1] 1SS ONILNNOW
JUM OMVOL—ZZ UM OMVZL—ZZ
ONILNOY FdIM ~—[8£1] 00'2 03SOTO IMNSOTONI 0/ WLsId SLNCLNO AVI3Y
ANV_SOTYNY ONV LNdNI ¥3MOd
Y3078 IYNINYEL 0018 TYNINYAL

ONIINNOW LINN "TO4LINOD

AL34VS DISNIFINI VAN AVIN' SININOJWOD 40 NOILNLILSENS -ONINIVM

0078 JL 3Alvadn

Y0078 JL Q3ivadn

ST08NAS ONNO¥O ANV DAL Q3lvadn

SVIYV SNOQYVZVH ANV ANVNIQNO 3NIBNOD

3SNd VWOS OL G3ONVHO

3Alvadn S310N ANV Y0078 L

Wwln|o|T|—|"2|Xx

31vadN SNOISNINIa 3¥NSOTONI

S'IA

‘440 SI SS300dd 3IHL ANV d31DINNOISIA SI ¥3IMOd JTIHM TINNOSHYId QIHMVND A JINYO4¥Id 38 LSNN 3OIAY3S ANV NOLLVTIVISNI ‘9
'S3000 WI01 F1EVOIddY TV ANV SINM3AIND FONVNAINIVA ANV NOILVTIVAISNI VHSO ‘VddAN ‘YW3N ‘030 ‘03N OL 3¥3HaV 'S
"W3LSAS AL34VS V OL INdNI NV SV ¥0 ‘40 1¥vd SV @3Sn 38 1ON ISNW 30IA3A 3HL "30IA3AQ AL34VS TYNOILONNA V SV 3SN ¥O4 @3IN9ISIA 1ON SI 30IA3A SIHL ‘¥

'STVIMALYN @3LLIM ANV ‘FUNSSTHd SSIO0Nd "FUNLVYIANAL SSIO0Nd 'IUNIVYIANGL INIIENY G3JINDI¥ 3HL ¥O4 3T18vLNS dIDOVL S| 30IAIA 3HL AJI¥IA NOLLVTIVISNI 340439 '€

"NOLLVOIJISSY1D V3NV 3JHL 404 F18vLINS d399VL LON S| LVHL INIANMIND3 ANV TIVISNI LON Od ‘2
‘9V1 3D0IA3Q SS3I00¥d 3HL NO Q3LSM NOILYOLJIDAMS LSNIVOY NOISIAIQ ANV SSV10 Q3MIND3Y AJIN3A SNOILVOOT V3NV SNOQUVZVH L

NOLLdI¥OS3a AN

NOILYWIOANI NOILVTIVLSNI LINVI4OdNI




‘a34IND3Y SI V0T HOVA HLM SIS NI 3SN4 (XVA) dAV 8 NV “JAILSISTY ‘OVACYZOVS QLYY ‘LOVINOO (1SdS) V W04
SINdINO AVI3Y 3UINSIA
“ON3 MYOMIIN 1V Q3L¥O0T SI LINN TOMINOD SIHL 41 (=) X¥/XL ANV (+) X¥/XL STYNINYIL NIIMLIQ ¥OISISTH ONLYNINMAL LIVM % ‘WHO OZL TIVISNI ¥
"dONG/MNNYL HO ¥VIS 1ON ‘NOLVNNOIANOD S3IIN3S NI INIOd—OL—INIOd Q3MIM 38 LSNN MYOMIIN SBY—S¥ €
*INFIVAIND3 ¥O VZOLE ‘vOOLE N3IAT3S ‘JONVAI4WI WHO 0Z1 ‘divVd GILSIML G3IATAHS ‘GIANVMLS ‘OMVZZ ‘WNNININ AOSZ T18VD SBY—SH ‘Z
ONIMYYA NOLLYTIVISNI *INFIVAIND3 ¥0 19/88 N3A138 ‘¥ivd GILSIML G3ATIHS ‘GIANVHLS ‘OMVZZ ‘WNAININ AOSZ 318V VWOZ—V °L
YOLINOW 3LVINJLLUV oy, [ savom v SNOILVOINNWNOD NV DOTYNY
SNOISNINID TV
"SAUNVd QYIHL OL 3971NAId “FONIYISHILNI
10N 00 "N3AQIG¥04 ALLORLS S| TIOHM ¥O L¥Vd NI NOILONAON¥CY WOIMLOFTI 40 SIOUNOS ¥VAN GILVO0T S| O SIALYNIOINO ONIMIM TYNOIS IHL 4l G3SN 38 TINOHS AVIZY TOMINOD ONILYIOSI NV "GILYIOSI-NON S| INdNI LOVINOD AVI3H '8
IVLIN3AIANOD "LIHOI LV AVNOVIQ 33S — ONIONNO¥D L
"SINIMIAING ¥IHLYNA ¥O4 Z66L—00LL ANV 286L—81G GYVANVLS 333| OL ¥343d 9
“31VINdONddY F¥IHM NOISSIHAANS IDUNS TIVISNI NV A9¥INI JALONGNI 4O SIOUNOS WONS AVMY SHOSNIS ANV ONIMIM 3LNOY °S
¢z n3 - "STIONV LHOR 1V ONIMIM O/1 TOMINOD GNV ¥3IMOd SSOMO ISNN ONIMIM SNOLLYOINNANOOD aNY O/1 90TWNY ¥
25 mw mw *ONILNOY ANV ONIOVAS 43d0¥d OL 3¥IHAY ANV ONIMIM SNOILVOINNANOD ‘0/I DOTYNV ‘O/I TOMINOD ‘43MOd ¥04 LINANOD 3ILVdVd3S 3sn ‘€
9z I3 e WOAININ AOD9 38 ISNIN ONIMIM ¥3IMOd TV "LINANOD VL3N ‘GIANNOY¥O NI Q3ISOTONI 38 ISNW ONIMIM TV 2
7 o9 "STYNINY3L a314193dS IHL OL 3AvW 38 ISNA SNOLLOINNOD ONNOYD HINYI M3dodd °L
2° z= z23 (A134vS 804 S3A0D VD01 TIV ANV O3IN 3HL OL I¥IHAY) TWOINLOF13
o
"2NSOTONI 3HL ONINIJO 3M0438 LINN TOMINOD 3HL OL ¥IMOd TIV 1O3INNOOSIa *L
:AL34vS
"ATAW3SSY ¥OSN3S Q3A0¥ddV
ANV LINN TTOMINOD Q3AONddY HLIM WILSAS V3NV SNOGMVZYH Q3AOMddY NV 40 LMVd SV 03rddnS ANV 3¥NSOTON3 a39dnd
4O J00Md—NOISOTdX3 Q3LVY ATALVINAOMAY NV 3AISNI SI 1] SSTINN V3NV SNOGYMVZVH ¥ NI LINN T0¥INOO 3JHL 31¥001 ION 0d ‘€
*(SV3NV 34¥S SNOQYYZYH—NON) SNOILVOOT AMVNIGHO NI G3Lv001 38 AINO AVA LINN TOM¥INOD 3HL ‘T
21 AN "NOILVTIVISNI ¥3dO¥d ¥04 G3IMOTIO4 39 ISNN S00L—SZZ ONIMVYA TOMINOD V3NV SNOQHVZVH '|
:SNOLLYTIVISNI V3V SNOQuvzvH
‘ONNOY¥D AL3AVS ‘L TYNINNAL
OISNIMINI OL Z TWNIWY3L OL ¥3dWNr T TYNIWN3AL
. ) Q3ITVISNI _ dT3IHS aT3IHs =
ANNOY¥O HL¥vV3 ANNOYD HLMV3 HOLSISIY ONILYNINYIL == -1
JAILOALONd OL | TWNIWNAL JAILOTLONd OL | TWNIWMAL HLM D13 NALIANOD <—TRo T H A —1® |
Z£2-SY 01 S8v—SY ‘01d S — 9/1(] 1 [ 7 T = 3/1) aNNOY9D S8Y—SH| &f = Do 8 |
S00T=522 INININD3 TWNY¥ALX3 0L <F g/ —v —v ¥ g/ 3z £3 s2 |
SNIMVIAd T0JINOD MO T103 -lzx..oloﬁ —1t@| 85 39 S5z |
e INIod F1ONIS elele] [Elele] WS R 2F el
|waHaanﬁw0n_maNa NOILIVTIVISNI_SNOJdVZVYH—NON 1V AONNOYO HIYv3 Ol Q3ITIVISNI 1ON ¥OLSISIy Q3ITIVISNI ¥OLSISIN |
d04 ONIONNOYO Q3¥y3d3dd 404 ONIONNOHO JLVYNINY3L ANV ¥3HL390L ONILYNINY3L Z# 300N ONLLYNINEEL L# 300N |.® |
SATAIHS 1O3NNOD +¥/1| % 1NN TOMINOD I
—_————————— —_
= WIOMIAN G8%—S¥ QILVIOSI
INFN —
11 =
NS Z 2 TTTTTTTT T 1 (1 310N 33S—NOILOINNOD ON) (2 TTTTTTTTTTTTT 1
33 axxn_ 33 3aA0 NOWWOD TWN9IS| & | woLsisay _ NOWWOD “MNOIS " 5015153 _
>> mamme 235 3SN3S ! 3SN3S !
o A1ddns I A1ddns !
+ om LSLEEOST Ywoz—p WHO +2Z1 i WHO +21 |
N M XXXz, =z ¥IMOd N | ) yImMod |
: 22 Fc cooomo? / 1ndLNo LNdNI YWOZ—¥ | & d001 U | YWoZ—H\~ 1ndNI| & 4001 |
918 _cd ececeec5.-° vwoz—v 20T I ywoz—+ 2aAve i
ORERZZ 3I3333=¢ | |
o
=9 Co> ccccgmzl OaAvT+ ¥3IMOd d0OT JaAYT+ + 4IMOd
537¢g & Vi LINN TOHINOD I [ 1INN TO¥INOD I
s>gXg8s [ TTNNTS TILIRSNVIL ——————so= - TIOWSNWT 007 d0AvZ+ ——-=S-25C -
i 052555 MN-—ER<T WNEDE gIIWSNVEL 39M-C FOM INdNT VIIoZ—% MNEXT  gIIIWSNVEL 39W—2 HIM INdNT VOoZ—%
NN\ O dwwwﬂﬂ ZOZOUO0O®
PP 559988 SESE09ES 5 20 =S
Vo N N VYV 'g3SN 38 @INOHS HOLIMS ¥O LOVINOOD A¥A Q3LVIOSI NV "8nd20
G AVW LINN TOMINOD OL 39YWVQ STYNIWNIL NOWNOD TYNOIS ¥O
1NNl AV13¥ OL 39VIT0A 00 ¥O OV TWNILX3 AlddY LON 0a ONINMVM
N Ky o S 1 [ | o -
T aadns ! — Norwes s &1 !
HHE - vwoz—v ¥3IMOd z Qo Q 1NdNI
WNNIXYA S o | yuwoz !
Bozios] @® 4001 ale3 | s EUTCIV
HHEHHHEH HHO voss 308Nn0S 90AS| mm %5 | 231 © dane! _
1191 Gl 8 L9Ssvezl ._.zummzom 2 oF =l *ONILVY dnTind |
> TIEvLSNrav = “ AOVINGD ﬂ > WHO Ozy |
UNIOT1 00 @ Thaino _ INaNI AVT3Y _
SUNTRSAT ITOVINOD A¥a
TYNIRSET ONIIIT 00T TYNINGIL DI I ywoe—yl - AN oINS - _ LI B ___UNnT0MINOD_
S8v—5y YO IIqH0IT
SoMATTTS INdINO VW0Z—¥ QIIVIOS VNYAIXT INdNI IOVINOD AV13d
“WNOILJO VNI
%0078 FUL 3Lvadn N | guA
30018 FLL aavadn " "440 S| SS3008d IHL ANV @3LOINNOJSIA S| ¥IMOd JFUHM TINNOSHId QILITVND A8 IN¥O4MId 39 ISNA 30IAMIS ANV NOLLYTIVISNI °9
'S3000 T¥201 T1EVINddY TIV ONV SINM3IAIND JONVYNILNIVA ONV NOILVTIVASNI VHSO ‘VdAN ‘YAIN 030 ‘O3N OL 3M3HAV 'S
ST0BNAS ONNO¥O ONv XAL G3vadn ! "W3LSAS ALZ4VS V OL INdNI NV SV MO ‘40 1¥vd SV @3SN 38 LON ISNN 30IA3A IHL 30IAIA ALI4VS TWNOILONNA V SV 3SN ¥04 G3NDISIA 1ON S| 30IA3A SIHL ¥
SVAY SNOQNVZYH ONY ANVNIGNO 3NIGWOD H "STVIMALVAN Q3LIIM ANV ‘FUNSS3¥d SSIO0Nd ‘FUNLYNIMNAL SSI0O0Md ‘FUNIVYIINIL INIIGWV G3MIND3IN IHL 04 I1EVLNS d3OVL SI 30IAIA IHL AJINIA NOLLVTIVISNI 3¥043d '€
Jsnd VoS oL GIONVD > "NOLLVOIJISSYTD VANV 3HL ¥04 J18VLINS 0399VL LON S| LVHL INFWAINDI ANV TIVISNI 1ON 0d 2
'9VL 30IA30 SS300¥d IHL NO QIS NOILVOIAIOILS ISNIVOV NOISING ANV SSVI0 G3MIND3Y AdI¥3A SNOILVOOT VANV SNOQMVZVH ‘L
31vadn S3I0N ANV %0078 IUL 4
31vadn SNOISN3INIQ 3¥NSOTION3I 3
v e NOILVASOANI NOILVTIVLSNI LNVLYOJNI




ONIMYHQ NOLLVTIVLSNI
YOSN3IS MOT4 3LVINOLLAvd

UL | snosNamia TV

'SALNVd QYIHL OL 397NAIQ

10N 00 °‘N3AQISH04 ALORILS SI FI0OHM 4O L¥vd NI NOLLONAOYd3H

(xv) [6L] SL708

(QYVaNVLS)

| JONVIA #0SL HONI NI/.

L

A0

SNOILYOO1 dOSN4S TVOIdAL

-401041100 1Snd

~—L[¥s] zs'z—l

IVLLNIAIANOD 1| |
1
I 1 [z€] sz'L
[zst] 009 AlE:osz Mﬂmm TddIN ——[sz1] 16
€ 310N 33S 1s38 Lo 1520 auvanvis [oc] oo'e I\ IlgvL 33S
o aQyvanvis [e] osc
SYOSNIS JONV1d INNOW dONVI4 ISNV

dO4 INNOW SS300dd

QV3YHL LdN 3TVN HONI L

<+ /am.azﬁmv

AMIN3 LINANOD dNV1O—IdL HONI S°L
3904d OL YOLONANOD 1dN HONI i
¥3IN30 X¥0O LOANNOD E=o=||_
4400NVLS 40 dOL LV |\
QI3HS X¥0D LOINNOD .
YW ona omvian-non & 4400NVLS G3LVINSNI a¥vanvis [oc] oo
¥04 AMOLOVA LINSNOD
“d3aNNO¥9 HlMv3 38
1SNN 1oNa JMvAan 3AON3Y LON 04
¥010310dd IOVIIOAI3INO N
JAONZY LON 0 8
=2 ¥0103108d 3I9VITOAN3A0 —
(] ~
= [ &
o Q3JAON3Y d3AOCD HIIM _
g 2NUNda dIAUY HLY
m INOWIY ION 0a NMOHS 3J4NSOTON3 -
2 JINO SNOLVTIVISNI 3804d TIddIN —[66] 06'c—
=z VA4V SNOQYVZVH d¥04 |\
318v0 ONNON9 TWNNALA TiavL 338 INNOW dIAV 1D AMIIND
_ QYvaNvls [/6] os'e
AMINT LINANOD
L1dN HONI &
‘HIONT1 380Yd YOSN3S 3HL SINIL Z OL | SI IVHL AN3I-¥OSN3S 3HL IV LNANOD XI14 QIATAHS 40 d00T JOIAMIS V TIVISNI &
“LINANOD V1IN ‘03ANNO¥O NI 3ISOTON3 38 LSNWN STavo 1V °¢
|_| ‘STIONV LHOIM 1V SHOLONANOD SSOMI °SIJMNOS A9MINI IALLONANI ANV ONMEVD ¥IHIO WOMA (¥ILIN S°0) SIHONI 81 4O NOILVMVHIS NIVINIVW ‘2
o ‘STIEVO YOSNIS ILVINOLLYVA ¥IHIO ¥O4 Ld30X3 ‘T1EvO ¥3IHLO ANV HLM 3LNOY¥ LON OO ANV 3LNLUSENS 1ON 04 "I
5 >._zHo uomz._.._,. INOLYTIVASNI T18v0 TVIXV0O MOSN3S AUVINOLAVd
N 828l) Tix
[ ——— _ — 1 g [bzsi] 09« ‘LHOIAM YOSN3S 3HL SINLL 3Nl ISVAT LV ONLNODANS 40 T1avdvDd 30VAINS OL aTaM ¥
X [61z1] 8¥s "ONIJIIZHS TVOINLOFTI 3IAO¥d OL
a’ 1ona T [¥16] 9¢ JMOVLS 3HL 40 AN3 3IHL WNO¥4 SH3IIINVIA 3AI4 NVHL ¥3S0T0 ON Q31vO01 38 dINOHS HOSN3S 3IHL ...Eo S| MOV SS3008d 3JHL NIHM ONIGNTIONI
% 1svA 1V — [eoc] og ‘3904d ¥3AO MOT4 OL 1SNA INJIANY 3O NIV¥ MOTIV AVAN 1VHL NOLVOO1 V NI 30Vid LON OQ ‘MOVLS V NI ¥OSN3S 3JHL ONIINNON NIHM ‘¢
|——23904d [gos] oz "MO14 OL ¥VINJIONAdY3d ANV 1ONA/3did 40 ¥3IN3D NI @13M IVAS LHOWL ¥3lvMm
les1] vz's Tioe] o ANV ¥V ¥04 ONNONY TV GTIM “@13M 30v4 LON 0Q "LONQ/3did OINI ONIANYLONd ATLHONS ‘NMOHS SV 10NG/3dld OL ONILLA SS300Md GTIM T
TavL mmwl\ “NOLLVO0T HOSN3S NO SNOLLYON3INNOD3M TVNOLLIAGY 804 TVANYW Ol ¥343d ANV WvHOVId 33S °I
SNOLOMAISNI 3d G1am Hﬁmm“_om "NOILVTIVLSNI OSN3S 3UVINOLLEVd
ONMdNOO—FVH LdN HONI ¥ [oc] €
- [sz] 'SS3008d IHL WOMJ MOSNIS JHL 40 TVAOWIY
T1dAVX3 ONIINNOW IVIIdAL INNOW LadN SHIONTT 38903d ¥04 d0O0T 30IAYIS T1EVO ANNOY¥O INFIOWANS IAVAT °SSIOONd IHL WOMJ GIAOWIYN ATINVMNOJAAL S| YOSNIS FHL NIHM GILOINNOD
NIVW34 OL SI T18v0 ONNO¥9 ‘G3INDIY ‘S| 10Nd_GIANNOHO HINYA OL F18v0 ONNOYD dOSNIS IHL 40 NOLLOANNOO LOId '€
“MVI3A TINd ¥04 TYNNVN 3ION3N343Y  °d3d330X3 38 LON LSNN JUNSOTONI MOSNIS 3HL 40 JNNLVEIANIL INIIBNY NNWIXVN 2
. "NOLLVTIVLSNI 3¥3d0¥d ¥04 @3IMOTIO4 38 ISNW SO00L—SZZ ONIMVIA TOMINOD V3NV SNOQUVZVH "L
AL34VS ODISNIMINI ¥IVANT AVIN SINIANOJWOD 40 NOILNLILSENS :ONINYVM :SNOLLYTIVLSNI V3V SNOGMVZVH
%0078 FUL 3Lvadn H | 1A
NOILYNI0ANI IH TIV 3n0nay ° *440 S| SS300¥d IHL NV QILOINNOOSIA S| ¥IMOd IUHM TINNOSHId QILIVND A9 GINHO4¥3d 39 ISNN FOIANIS ANV NOLLVTIVISNI '9
'S3000 D01 F18VONddY TIV ONV SANM3AIND JONVNAINIVA GNV NOILVTIVISNI YHSO ‘VdiN ‘YWAN ‘03D ‘03N OL IMIHAV 'S
%2078 FUU dawvadn 4 "W3LSAS ALZ4VS V OL INdNI NV SV MO ‘40 1¥vd SV @3SN 38 LION ISAN 30IA3A IHL 30IAIA ALI4VS TWNOILONNA V SV 3SN ¥04 G3NDISIA 1ON S| 30IA3A SIHL ¥
1SIL ANOJ3S NO 3uNSS3ud/dWAL HOH aav 3 ‘STVIMALYN Q3LIAM ANV ‘3UNSSI¥d SSI00Nd ‘JUNLVAIMNAL SSI00Nd ‘IUNLVYIMNAL INJIGAY 3¥IND3Y IHL H04 F1aVUNS @3IDOVL SI 30IAIA FHL AJIM3A NOLVTIVISNI 340438 ¢
DAL qavadn 3 "NOILVOIAISSYTD VAMY 3HL ¥04 F18vLINS G399VL LON S| IVHL INIWJIND3 ANY TIVISNI LON 00 ‘Z
*9vVL 30IA30 SS3I00Md IHL NO G3LSM NOILYOIHIOAJS LSNIVOV NOISING ONY SSVIO Q3MINDIN AJIN3A SNOILYOOT VANV SNOQMVZVH °l
SY34V SNOGNVZVH ANV ANVNIQYO 3NIBWNOD o]
S31vadn 1X3L ANV %2018 JL a
OIS = NOILYWHOANI NOILVTIVLSNI LNVL¥OdAI




ONIMYHQA TTOHLNOD VIYV SNOQYVZVH
HOLINOW 3LVINOLLAVd o)

SIHONI NI
LL | snorsNamia TV

'SALNVd QYIHL OL 397NAIQ
10N 00 °‘N3AQISH04 ALORILS SI FI0OHM 4O L¥vd NI NOLLONAOYd3H
TVLIN3AIANOD

a3ANNOY¥D
HL¥V3 38 1SNW
10Na/3did V1IN

(31aVIIVAY SNOILDO
ONILNNOW ¥3HLO)
NMOHS INNOW O30

JOVLIOAY3A0

'SS3008d WOY¥4 ¥OSNIS 40 TYAOW3Y

404 4007 30IAM3S 318VO ANNOHO INIIDI44NS 3AVIT ¢
SS3004d WOd4 A3AOW3N

ANIVE0dNIL SI JOSN3S NIHM d3LO3INNOD NIVAN3Y 0L
S| 378v0 ANNOYO "d3¥IND3Y SI 10NA Q3ANNOYS H1YvV3
Ol 378v0 ANNOYO HOSNIS 40 NOILOINNOO 103dId ‘¢
¥0S 101V

‘0L VdiAN/ISNV 3000 OILO3T3 TWNOLLYN ANV 9°Z1dY
VSI/ISNV HLIM 3JONVAQ¥0OOV NI 38 LSNA NOILYTTVLSNI “L
‘S310N

3JAONIY 10N 0d
NOILOANNOD 318V
ANNOYD (HLYv3)

"JY3H YOLONANOD
Y3IN30 XVYOO 103INNOD
aN3 3890¥d ¥OSN3S

JAON3Y

1ON 0Q
J010310dd
JOVLIOAY3INO

1400€ :HLONIT WNWIXVA
14/4d6Z TIvOIdAL
ATEWN3SSY 318V TVIXVOD

ZHE9—LY ‘~AY9Z—S6L
ZHE9—-LY ‘~NZEL—L6

‘NOILISOd AO£¢ NI HOLIMS ¥010373S — 1NdNI 3V "+
‘NOILISOd ASLL NI HOLMS ¥010373S — 1NdNI 3V "¢
WNWININ AOSZ LV Q31vd 38 1SNN ONIMIM TIV ¢
"JAON3Y ION 04 — JdIM d3dNNr

ANNOYO Qa3INddNS 3HL HLIM 3SvE JYNSOTON3I 3JHL OL d3ANO8 38 LSN
Y3IAOD FYNSOTONT FHL :S3FJNSOTINT JIMTIVIIN HLIM SLINN TTO¥INOD ¥04 I
‘S3ION

‘g3asn 39 ISNN ANNOYO HI¥V3I 3AILO310dd

JHL 40 IN3AN3d3IANI 30010373 ONIONNOHO V  "ONNOYD HI¥v3

OL 103dS3y HIIMWHO | NVHL SS31 39 ISNN OGNV AL34VS DJISNIYINI 3JYNSNI
OL Z# TYNINY3L OL Q3LOANNOD 38 ISNW ANNOYD AL3AVS OISNIMINI 2

L# IWNINY3L OL Q3LO3INNOD 38 LSNN ANNOYD HL¥vV3 JAILOILOM I
*ONIONNOYD

‘AL34VS ODISNIJINI dIVANI AVN SININOJWNOD 40 NOILNLILSENS — ONINJVM

A40LOVd LV 3718v0
VIXYOD NO
Q3TIVLSNI—33d
JOLO3INNOD VAS

ON9 HLYV3
ON9 AL3AVS DISNIMLINI
3N LNdNI OV
WHLNAN LNdNI OV
WOD | LNdLNO AVI3N
0/N L INdLNO AVI3Y

vir

4

) %

WNOD Z LNdLNO AVI3Y
0/N Z 1NdLNO AV13Y

9

AY0LOV4 LV 378V0
NO Q3TIVLISNI-3dd
STVNINY3L ONIY

JAONIS
10N 0OQ "440ANVLS 40 dOL 1V
4010310dd d1EHS Xv0O 103INNOD

4400NVLS d3LVINSNI

NMOHS 3JNSOTON3 JOSN3S

JOSN3S JLVINJILyvd

4-V SdNO¥9 ‘L NOISIAIQ
ANy ‘Il ‘1 SSv19 SI

V3dv SNOQAVZvH

Mn_”._E._om_w NYNLIY YWoz—+
Q3LV10SI) LNdLNO YWOZ—+
1NdNI AVT3Y

NOWWOD TYNDIS

1NdNI Ywoz—¥

UMd OO JQAVT+

NOILO3INNOD
378Y¥0 ¥OSN3S
XV0D VNS

HEEHE HREHERER

PLELTLLLOL

VAAAVA 2 AAAé;

alr

ayvod LINJdID TTYNY3INI NO
031vO0T ¥3IMdvE "S’l INILDTLOdd

T3INVd 4v3Y 1INN TTOY1INOO

1INA T0HINOD

V34V SNOQUVZVH—NON

0078 JL 3Alvadn

S'IA

0078 JL Q3ivadn

3Alvadn S310N ANV Y0078 L

S3ION ONIONNOY¥O 3Lvadn

SANNOYO ILVHAIS ‘¥00TE TYNINYAL NIVW 3lvadn

0078 JUUL ANV INNOW HOSN3S 31vadn

3SVIT3Y VLLINI

<|D|Oo|O|w|w]|O

"NOLLVOIJISSYID V3NV 3HL 404 F18vLINS d399VL LON Sl LVHL ININMIND3 ANV TIVASNI LON Od

‘9V1 30IA30 SS300¥d 3HL NO Q3LSM NOILYOLIJIDAdS LSNIVOY NOISINIQ ANV SSV10 Q3MIND3Y AJIN3A SNOLLVOOT V3NV SNOQUVZVH

‘440 SI SS300dd 3IHL ANV d31DINNOISIA SI ¥3IMOd ITHM TINNOSHYId QIHMVND A JINYO4¥Id 38 LSNN 3OIAY3S ANV NOLLVTIVISNI ‘9

'S3000 TWO01 F1EVOIddY TV ANV SINM3AIND FONVNAINIVA ANV NOILVTIVISNI VHSO ‘VddAN ‘YW3N ‘03D ‘03N OL 3¥3HavV 'S

"W3LSAS AL34VS V OL INdNI NV SV ¥0 ‘40 1¥vd SV @3Sn 38 1ON ISNW 30IA3A 3HL "30IA3AQ AL34VS TYNOILONNA V SV 3SN ¥O4 @3IN9ISIA 1ON SI 30IA3A SIHL ‘¥

'STVIMALYA @3LLIM ANV ‘FUNSSTHd SSIO0Nd ‘FUNLVYIANAL SSIO0Nd ‘IUNLIVYIANGL INIIENY G3dINDIY 3HL ¥O4 3T18vLNS dIOOVL S| J0IAIA 3HL AJI¥IA NOLLVTIVISNI 3404389 '€
T

1

NOLLdI¥OS3a

NOILVNIOANI

NOILVTIVISNI LNVLIYJOdNI




XINO IONV14s "HLIONI1 3908d
[8781] 2ix HOSN3S 3HL SAWIL 2 OL | SI IVHL ANI—¥OSNIS IHL 1V LINANOD XJ14 G3AT1AHS 40 dOOT FOAN3S V TIVISNI ¥
lvzel] 09 “1INANOD VLIN ‘GIANNOYD NI @ISOTONI 38 ISNW SI1avd TIV '

ONIMYYA NOLLYTIYISNI * "STIONV LHOIN LV SMOLONANOD
HOSNaS Mo IOy [6121] BY« SSO¥D 'SIOMNOS A9YANI 3JAILONANI ANV ONMEVO ¥3HIO WOMA (¥3LIW S°0) SIHONI 8L 40 NOILVHVAIS NIVINVA T
JUNSSTd HOM / dWAL MO i o [ri6] o¢ 'S31GV0 ¥OSNIS ILVINOILNYA ¥IHLO ¥O4 LdIOXI ‘T1EvO ¥IHIO ANV HLM 3LNOY 1ON 04 ANV 3ILNLILSENS LION 04 'L
UL | snomana T [z9L] og INOILVTIVASNI 318v0 TVIXVOOQ ¥OSN3S ILVINOILAVd
"S3NVd QYIHL OL 3971NAId _”mom”_ 0c
10N 00 'N3AQISN04 ALLORILS S| TIOHM ¥O L¥Vd NI NOLONAOYC3N [18s] St (068) 4681 @3IOXI LON ISNN IUNLYYAMNIAL IUNSOTONI ¥OSN3S ‘9
TVLNIAIINOD [¥sz] oL "SV9 SS300¥d 40 NOILVSNIANOD
SHIONTT 39094 INIAIYd 0L I1TTdNOD SI NOILYTIVLISNI ¥3LdV 3OVIdIY 39 INOHS INNOW MOSN3S ANNOHY NOILYINSNI TYN¥3LX3 °S
"1HOIIM ¥OSN3S 3JHL SINWIL 3AI4 LSVIT LV ONILMOddNS 40 318vdvOd JOV4¥NS OL a1am ¥
*ONIQTIFHS TVOIMLOT T3 3AIAONd OL MOVLS 3HL 40 NI IHL WO¥4 SH3LIAVIA IAI4 NVHL
¥3ISOTO ON @3LvO0T 38 QINOHS ¥OSNIAS IHL 440 SI MOTHHIV SSI00Md FHL NIHM ONIGNTONI ‘3808d ¥3IAO MO14 OL
. 1SNA INJIGAY ¥O NIVY MOTIV AVA LVHL NOILYDO1 V NI 30v1d 1ON OQ ‘MOVLIS V NI MOSN3S 3HL ONILNNOW NIHM ‘€
o_._._,qm_km_o%mzoz "MO14 OL ¥VINJIANIdY3d ANV 19NA/3did 40 ¥3INIO NI 013M “TV3S LHOIL ¥ILVM ANV ¥IV 304 ANNOYY TV
Ly 904 L < 310N 33S Q13m "@13M 30v4 LON 04 '1oNd/3did OINI INIANYLOYd ATLHOMS ‘NMOHS SV 10NA/3did OL ONILLIA SS300dd Q1M ‘2
"NOLLYOOT ¥OSN3IS NO SNOILVANIWNOOIN TVNOILIAAY ¥O4 VANV 0L Y3434 ANV Wv¥oVIa 33S 'L
>~_o.._m_nw._em_zm_d..n_vﬂwzoo YINO0LSND A9 Q3¥IND3IY NOILVINSNI INOILVTIVLSNI ¥OSN3S 3IIVINDILyvd
Hl¥v3 38 ISNW Z 310N NOILYTIVLSNI
10Na 2ITIVLIN YOSN3S ILVINOILNVd ¥3d d1am
w F A¥IN3 1LINQNOD
= —a1 3804d 01 ¥OLONANOD
=) 17 ﬁ@ﬁ M3INID XVOO 1D3NNOD LdN_HONI 5
A 1539 440aNVLS 40 dOL 1V
9 o 9 310N 33S £ 310N 338 — X0 QT3HS X¥OO LOINNOD
s] 00" 440aNVLS Q3LYINSNI
-4 T
« JIAONIY 1ON 0d
C ) ¥0L0310¥d IOVLIOAYIAO
et 3AONY 1ON 0d
90 40L1D3L0Md JOVLIOANIAO
- _ NOIVINI®O 39N SNOILIVOOT YOSN3S_1vOIdAL JIAOWTY JIA00 HLM
TTdNVXT ONIINNOW VOIdAL TINSSIId ANV J9NIVIIdNIL HOH Tg0103 oo Isnd NMOHRS 39NSO TONd
(x8) [61] sL°0w
— N3ISO00T LON Od—AaNV19
— 9NITVAS IUNSSIY¥d HOIH
T (QyvanvLs) |
I \\luoz<._.._ #009 HONI Z —
w
[3)
o
ot J § :
— —m_
3804d »
I Javl H._ml\ I
|\ L] [cL2] sLoL
[s91] 0599 ~— INNOW— HOLVINSNI DINVY30 —
r. .
[yg] og'gs_| QUVANVLS [ZO1L] oov_/ TIddIN +/¢ [vor] z6's1
SYOSNIS I9NV 13
J0d INNOW SS300dd
'SS3008d IHL WO¥4 HOSNIS 3HL 40 TWAOW3IY ¥04 dOO1 IOIAYIS I18vd ANNOYD IN3IDIAINS
JAVAT "SSI00dd IHL WO¥4 GIAOWIY ATIMVNOMWAL SI ¥OSN3S IHL NIHM GILDINNOD NIVW3Y OL SI F1avd
ANNO¥O "3¥INDIAY SI LONA dIANNOYO HIMV3 OL I18vD ANNOYO MOSNIS 3IHL 40 NOILOINNOD 103Mia €
“IV13a TINd 804
IVANYA 3ONIN¥I43Y "030330X3 38 1ON ISNW FUNSOTONI YOSNIS JHL 40 JUNLVYIJWAL INIIGWY WNNIXYAN ‘T
A3AVS DISNIMINI HIVAWI AVA SINANOAWOD 40 NOILNLILSENS :ONINMVM ‘NOILVTIVISNI d3d0dd d04 d3MOT104 38 1SN SO00L—SZZ 9INIMVHEA TOHLINOD V3NV SNOQYVZVH “L
:SNOLLVTIVLSNI V3NV SNOQMVZVH
SIA
‘440 S| SS300dd IHL ANV Q3ILOINNOISIA S| ¥3IMOd FTUHM TINNOSH3Ad Q3WHITVND A8 QINH04¥3d 39 LSNN 3OIAY3IS ANV NOLLVTIVLSNI ‘9
'S300D VD01 TIEVONddY TV ANV SINM3AAIND FONVYNAINIVW ANV NOILVTIVISNI VHSO ‘VdiAN ‘YWAN ‘03D ‘03N OL 3Y3HAV 'S
'WALSAS AL34VS V OL INdNI NV SV MO ‘40 1¥vd SV d3sSn 38 LON ISNW 30IA30 3HL 30IA3a AL34VS TYNOILONND V SV 3SN ¥04 G3N9ISIA LON SI 30IA3A SIHL ‘¥
‘STVIMALYIN QILIIM ANV ‘3UNSSIUd SSI00Yd ‘FUNLVHIINIAL SSI00Hd ‘FUNLV¥AJNAL INIIGWV 3¥IND3Y 3IHL ¥04 I1avVLNS @3D9VL SI FOIAIA IHL AJI¥3IA NOLLVTIVLISNI 3¥043g9 ¢
‘NOILYOIJISSVTO VAYY 3HL ¥0d4 F1avLINS Q3D9VL LON S| LVHL INIWINDI ANV TIVLSNI LON Od ‘T
‘9VL 30IA30 SS3008d 3IHL NO Q3LSIT NOILVIIAI0AAS LSNIVOV NOISING ANV SSVIO QIMINDIY AJIN3A SNOILYOOT VAMY SNOQYVZVH °L
30078 FLL 31vadn a
3ASVITIN TVLLINI v
LS e NOILYWHOANI NOILYTIVISNI LNVLYOJWI






