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EU DECLARATION OF CONFORMITY

Manufacturer's Name: Lighthouse Worldwide Solutions, Inc.
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1221 Disk Drive

Medford, OR 97501

Declares that the product:
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Conforms to the following Product Specifications:

SAFETY EN61010-1:2001

CAN/CSA C22.2 No.
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61010-1, 9 Ed.,
July 2004

ISA-82.02.01 Ed.,
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LASER SAFETY IEC 60825-1 Am. 2
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and Laboratory Use — Part 1: General
Requirements

Non-incendive Electrical Equipmentise in
Class 1, Division 2 Hazardoustions
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Class 1 and Il, Division 2 and Class lll, Divisions
1 and 2 Hazardous (Classified) Locations

Guidance on Laser Products: Canfoto
FDA 21 CFR Chapter 1 Subchapter J



EMC EN61326 Electrical Equipment for Measurement, Conared
Laboratory Use EMC Requirements Part 1: General
Requirements Includes Amendment A1:1998;IEC
61326:1997 + A1:1998

GMP. 21CFR-Part 211 Guidance for industry Sterile Drugdrrcts,
Produced by Aseptic Processing Current Good
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Probe

UL 61010A-1 — UL Standard for Safety Electricalifgent for Laboratory Use; Part 1. General Requimits
Replaces UL 3101-1

Supplementary information:  The product herewith complies with the requiremem$ the Low Voltage Directive

73/23/EEC amended by Directive 93/68/EEC and th€ BiMlective 89/336/EEC amended by Directive 93/GBIE
and carries the CE marking accordingly.
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Text
Conventions

Note: A note appears in
the sidebar to give extra
information regarding a
feature or suggestion

WARNING:

Additional
Help
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About this Manual

This manual describes the detailed operation aadithe Lighthouse
REMOTE 5104V Airborne Particle Counter.

The following typefaces have the following meanings

italics

boldface

Courier font

Bold Courier

Helvetica ltalics

Represents information not to be typed
or interpreted literally. For examplde
represents a file name. Manual titles are
also displayed in italics.

Introduces or emphasizes a term.

Indicates command syntax or text
displayed by the diagnostic terminal.

Indicates commands and information that
you type.

Indicates a comment on a command or
text output.

For more information about Lighthouse REMOTE 5104ixborne
Particle Counters, contact Lighthouse Worldwideu8ohs:

Service and Support

Tel: 800-945-5905 (USA Toll Free)
Tel: 541-770-5905 (Outside of USA)
techsupport@golighthouse.com
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Safety
Considerations

Warnings

Suitability

Laser Safety
Information
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Safety

Warnings and cautions are used throughout this alahus the
responisbility of the user to familiarize themsealwéth the meaning of
a warning before operating the particle sensomalinings will appear
in the left margin of the page next to the subgecttep to which it
applies. Take extreme care when doing any proceduexeded by or
containing a warning.

There are several classifications of Warnings @efias follows:

* Laser - pertaining to exposure to visible or inves Laser
radiation;

» Explosion Hazard - pertaining to use of the insteat in explosive
atmospheres;

» Electrostatic - pertaining to electrostatic disgjea

Note: THIS EQUIPMENT IS SUITABLE FOR USE IN CLASS |,
DIVISION 2, GROUPS A, B, C & D OR NON-HAZARDOUS
LOCATIONS ONLY.

This product contains a Laser-based sensor tl@a€Ciass | when used
under normal operation and maintenance. Serviceepoes on the
sensor can result in exposure to invisible radnat®ervice should be
performed only by factory-authorized personnel. Sgere 1-1.

Figure 1-1 LASER Warning Label on Unit

1-1
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The particle counter has been evaluated and testertordance with
ISA-82.02.01 99 Ed., July 2004, "Safety Requirements For Eledtrica
Equipment for Measurement, Control, and Laboratésg" and ANSI/
ISA-12.12.01-2000, "Nonincendive Electrical Equiprmh#or Use in
Class I and Il, Division 2 and Class lll, Divisiohsand 2 Hazardous
(Classified) Locations. See Figure 1-2.

WARNING:

AWARNING

EXPLOSION HAZARD

DO NOT DISCONNECT WHILE CIRCUIT
IS LIVE UNLESS AREA IS KNOWN TO
BE NON-HAZARDOUS

RISQUE D<EXPLOSION

NE PAS DEBRANCHER TANT QUE LE
CIRCUIT EST SOUS TENSION,
A MOINS QUeIL NE S*AGISSE DUN
EMPLACEMENT NON DANGEREUX

Figure 1-2 Explosion Hazard Label

WARNING:

WARNING:

1-2 248083293-1 Rev 7



Safety

WARNING:

Wherever the symbol to the left is found withirstmanual, it indicates
that a hazardous or potentially hazardous conddrasituation exists
and that it is imperative that the accompanying bexread and any
cautions be observed. The importance of this canactressed
enough.

Note: Cautionary statements may be found in the Introduction,

Getting Started and the Communication chapters, where the reader
will find this symbol.

Figure 1-3 illustrates use of the caution symbotlenREMOTE
5104V product overlay.

Figure 1-3 R5104V Label with Hazard Symbol

For further assistance, please contact Lighthoesei and Support
at 800-945-5905 (USA Toll Free) or 541-770-5905t¢le of USA).

248083293-1 Rev 7 1-3
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Electrostatic
Safety
Information

WARNING:

R5104V and
Daisy
Chaining

1-4

Electrostatic discharge (ESD) can damage or destemtronic
components. Therefore, all service or maintenarad whould be
done at a static-safe work station. A static-sabekvstation can be
created by doing the following:

* Use a grounded conductive table mat and resistdatied wrist-
strap combination

» Earth-ground all test instruments to prevent ddogi of static
charge

WARNING:

WARNING:

248083293-1 Rev 7
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Overview

Description
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Introduction

This operating manual introduces the Lighthouse RHHE 5104V
family of Airborne Particle Counters. Also includedthis manual are
instructions for inspecting, using, and maintainiing instrument.

The 5104V instrument has up to four particle-sizarmels starting at
0.5 microns with a flow of 1.0 CFM.

The model number signifies the minimum particlesizeasured by the
instrument and the flow rate. For example, the lpemi15104"
indicates a 0.5 um channel size at 1.0 CFM.. Sger&i2-1.

Figure 2-1 REMOTE 5104V Airborne Particle Counter

The instrument uses a laser diode light sourcdas®st beam shaping
optics to illuminate a cross section of the ainflpath with a laser
beam. As particles move along the flow path, &regs the laser beam
and scatter light. The light scattered is colledigdn imaging optical
system and imaged onto a photodiode. The photodiodeerts the
light imaged onto it into a current which is corteerto a voltage and
amplified by an electronic circuit.

2-1
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The result is the electronic circuit outputs a &ag# pulse each time a
particle crosses the laser beam. The width oftitage pulse is
proportional to the time it takes the particle toss the laser beam.
The amplitude of the voltage pulse is proportidodhe light scattered
which in turn is proportional to the size of thetpe.

The voltage pulses created by the particles arepghecessed by
additional electronics that analyzes the heigtdaufh pulse and
therefore the size of each corresponding parfidies the number of
particles at various sizes is determined.

This instrument is effective in both ultra-clean areas (such as Class 1 or
Class 10) and also in more traditional cleanzoatedras Class 100 or
higher. Refer to Specifications in this manual for additional instnt
information.

The REMOTE 5104V line of Airborne Particle counteras designed
for continuous operation.

Using an external vacuum source, the instrumentighes versatile
mounting options and can be installed where mingpake is
available. The REMOTE 5104V integrates seamlesgly large
facility monitoring/management systems and trarssfigrto 4 channels
of simultaneous particle count data using RS-485M80S output.

Accessories Several accessories can be ordered to tailor #triment to specific
needs. These accessories are listed below.

» Isokinetic Sampling Probe 1.0 CFM

» Sample Tubing

e 0.1um Purge Filter Assembly 1.0 CFM Flow Rate with Tubing
* Vacuum tubing per foot

» Cable per foot

2-2 248083293-1 Rev 7
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Introduction

Size Range

0.5 - 25.0um

Channel Thresholds

Standard: 0.5, 5.0 um

Optional: 0.5, 1.0, 5.0, 10.0 pm
Other sizes available; specify at time of ord

Flow Rate

1 CFM (28.3 LPM)

Counting Efficiency

50% (per 1ISO 21501-4)

Laser Source

Laser diode

Zero Count Level

<1 count/5 minutes (per ISO 21501-4)

Calibration

NIST Traceable

Data Storage

Rotating buffer, 2000 Records

Communication Modes

RS-485 MODBUS Protocol

Supporting Software

Lighthouse Monitoring System, LMS
XChange, LMS Express

Power Input
Requirements

24VDC £5% @ 100mA max

Enclosure Stainless Steel
Dimensions 5.42"(l) x 5.12"(w) x 2"(h) [13.8 x 13 x5 cm
Weight 21.1 0z (0.6 kg)

Pollution Degree

2

Operating Altitude

0-2,000 meters

Operating Environment

Indoor Use

Operating Temp/RH

50° F to 104° F (10° C to 40° C) / 20% to 95
non-condensing

Do

Storage Temp/RH

14° Fto 122° F (-10° C to 50° C) / Up to 98
non-condensing

Table 2-1 REMOTE 5104V Specifications

The manufacturer recommends that the Lighthouseument be
calibrated annually by a Certified Lighthouse Seewrovider to ensure
that it continues to perform within specification.

When calibration is due, the Service LED will t®N during sampling
and remain on until calibration has been completed.

2-3
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Getting Started

3 Getting Started

Initial The instrument is thoroughly inspected and testédeafactory and is
Inspection ready for use upon receipt.

When received, inspect the shipping carton for damage. If the carton is
damaged, notify the carrier and save the cartondaier inspection.
Inspect the unit for broken parts, scratches, dentsther damage.

If the carton is not damaged, keep it for reshipiméren returning the
instrument for the annual factory calibration dReturn Merchandise
Authorization for repair. Replacements are avéddbr purchase.

Shipping Should it become necessary to return the unitedabtory for any

Instructions reason, contact Lighthouse Customer Service dr aisiwebsite,
www.golighthouse.com/RMA, and obtain a Return Marutise
Authorization (RMA) number. Reference this numberall shipping
documentation and purchase orders. After recéihisoRMA number,
follow the shipping instructions below:

WARNING: 1. Use the original container, nozzle caps and packing materials
whenever possible. If the instrument containsteeba remove it
before packing the instrument. If the battery setedbe shipped,
package it separately and refer to www.golighthaesa/rma for
detailed instructions.

2. If the original container and packing materiaks mot available,
wrap the unit in "bubble pack”, surround with shadsorbent
material and place in a double-wall carton - thetrtmment should
not rattle around when the carton is vigorously shaken. If the
instrument is damaged during shipment due to inaakeguser
packing, the warranty may be voided and all repaigsiired will
be at cost. Contact Lighthouse to purchase acepiant shipping
container and nozzle caps.

3. Seal container or carton securely. Mark "FRAGIaBY enter the
Return Merchandise Authorization (RMA) number iryan
unmarked corner.

4. Return to the address provided by a Lighthougeesentative or
the RMA website.

248083293-1 Rev 7 3-1
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Cable Build

3-2

The specialized connector required to meet Cl&sgi$ion 2 standards
may be supplied with the instrument in kit formhelend of the
network cable that attaches to the instrument nmessthis connector in
order to meet this standard. This section of theunal will illustrate
installing this connector.

Requirements

The following tools and materials are required wddb/ attach the
sealed industrial RJ45 connection used on the REEIBMD4V.

* Category 5e Unshielded Twisted-Pair 24AWG wire T6A UTP),
minimum

* CAT5e UTP plenum wire may be required for instadiain ceiling
plenum area

* Industrial RJ45 plug kit

* Wire strippers

* RJ45 crimp tool

* RS-485 hub that supplies 24VDC on pin 7 and Graum@in 8 of
all RJ45 receptacles

Site Preparation

WARNING:

When all needed tools and materials are ready, proceed through the
following steps:

248083293-1 Rev 7



Getting Started

1. Check with local regulatory agencies to deternmséallation
restrictions and cable requirements for the apftinebefore
starting cable runs.

2. Make the necessary cable "runs” and leave divaouto three feet
at each end as a "service loop"”. When pulling GAgable, do
NOT allow it to kink or the cable may break intdipand cause
failures. Typical installations use Unshielded Jied Pair (UTP)
but Shielded Twisted Pair (STP) may be requirear@as of high
electrical noise equipment, such as generators,dad fluorescent
lights. When cable has to be installed in theefalsilings or air
space above a work area (plenum), plenum cablebmagquired.

3. Even though the RJ45 connectors used to builele¢h cables are
typically the same for either end, the connect@psiad in the kit
should be used on the instrument end.

4. If STP wire is needed, the RJ45 required for werenination is
metal-jacketed. This special RJ45 provides a gitmgnpoint for
the cable’s shield. Only one end of the each csiftobeild be
grounded. This provides the shield to block electrical noise from
entering the wire. Because the RS-485 hub usesdeal
connector housings, the hub end would be the lmst for the
ground connection.

248083293-1 Rev 7 3-3



Lighthouse REMOTE 5104V Operating Manual

Procedure

1. Strip 1-1/2-inch to two-inches of insulation frahe end of the
cable, taking extreme care to not nick or cut titevidual wires.
Do NOT strip the individual wires.

2. Remove the contents of the Industrial RJ45 caondémm the
package - do NOT dispose of or lose any pieces.faoenthe
contents with Figure 3-1. Contact Lighthouse Suparappears
that something is missing from the package.

) RJ45
RJ45 Housing Lock
Lock
Connector
Seal Wire
Loom
CAT5e Cable

Figure 3-1 R5104V RJ45 Cable Parts
3. Remove the large lock ring from the housing étlare mated.
4. Loosen the smaller sealing nut to allow the CAt&bele through.

5. On the instrument end of the cable, push thpmtd end of the
cable through the large Lock Ring and RJ-45 houasijustrated
in Figure 3-2. Make sure the ring is orientedlas. If itis
reversed, the cable may have to be cut, the RJ45 connector
discarded and a new connector installed.

Figure 3-2 Housing with Cable Inserted

3-4 248083293-1 Rev 7



Getting Started

6. Separate the paiod wires down to the cable’s insulation. There
will be an orange, a green, a blue and a browngfaiires. Each
pair will have a solid color wire and one stripenlerof the pair
color. Do not get them confused - the orange aadi pair may
look alike in plenum cable and "swapping" these paos will
cause failure of the cable.

7. Carefully untwist each pair and straighten theewiT he individual
wires will be inserted into the Wire Loom showrFigure 3-1 and
Figure 3-3.

Note Orange/White wire

Note the Loom
orientation

Figure 3-3 Close-up of Wire Loom
Note that the Loom has a flat tray shape. In&eriire.

8. Separate the wires and insert them into the lbased on the EIA/
TIA-568B standard as shown in Figure 3-3. Noté tha green
pair is split up and the blue pair is out of seqeefsolid color then
striped) and between the green-pair wires. Whieof #ihe wires
are in the correct holes, push the loom onto tmesnas far as it will
go and verify that at least one-eighth-inch of eatle extends
beyond the edge of the loom. This will allow fanmming the
wires in a straight line parallel to the loom ed@édwe one-eighth-
inch is required for crimping into the RJ-45 conoec Review the
photos in Figure 3-4 to ensure accuracy.

View is from RJ-45 View is tab facing reader
opening

Figure 3-4 EIA/TIA-568B Color Code Example

248083293-1 Rev 7 3-5
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Note: The "pairing" of
wires in the loom changes
at positions 4 through 6.

3-6

9. Continue to push the cable into the loom and thienends of the
wires in a straight line to one-eighth-inch assthated in the center
panel of Figure 3-4.

10. Insert the wires and loom into the RJ-45 cororgock tab facing
down) and push inward until they fully butt agaitiet end of the
wire channels. See Figure 3-5. The loom helps épkke wires
positioned so they will go into the correct chasrfer crimping.

Figure 3-5 Loomed Wires Being Inserted into RJ-45
11. Insert the RJ-45 connector into a crimp tooilginto that shown in
Figure 3-6. Maintain inward pressure while cringpthe wires into
their channels.

Figure 3-6 Typical RJ-45 Crimp Tool

12. Check the cable wire ends in the RJ-45 to makethey have been
crimped properly. Removing the connector at thisifois a lot
easier than after everything is installed and comoation with the
instrument is failing due to a poor crimp. Revieigute 3-7 for an
illustration of how tightly the wire ends should &gainst the ends
of each channel.

Note that wires are Wires against connector end
not against end

Figure 3-7 Close-up of RJ-45 Wire Detail
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13. Pull on the cable to bring the RJ-45 into thenaxtor housing.
Make sure to squeeze the latch tab to allow interethe slot in the
housing See Figure 3-8.

Figure 3-8 Close-up of RJ-45 Latch

14. Push the RJ-45 connector fully into the housing insert the Lock
Clip, round edge out, as illustrated in Figure 3-9.

Figure 3-9 Lock Clip Installation

15. Hand tighten the housing cable clamping nutl sntig. See Figure
3-10.

Figure 3-10 Tighten Cable Clamp Nut
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16. Install the sealing ring onto the front of tlempector housing. This
seal is held in place when the connector is loack&d the

instrument. See Figure 3-11.

Figure 3-11 Install Connector Seal

17. Slide the large lock ring down the cable and ¢hve cable housing
body. It may need a twisting action to fully pasitit against its
retainer ring. Verify that its larger opening isifag outward, away
from the cable as shown in Figure 3-12.

Figure 3-12 Cable Connector Completed

18. The hub end of the cable run can now be tereihdthe wire
should be checked with an ethernet 100baseT caddtert(not just a
continuity tester) to ensure that the signals, paamel ground will
be reliable. Steps 6 through 12 can be used der@mnee for

termination of the hub end.
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19. Use the template shown in Figure 3-13 to loeatkinstall the
R5104V securely on a flat vertical surface in theaao be
sampled.

Gy rif

0000

Figure 3-13 Mounting Template

20. Make sure the hub power is OFF or the hub endeotable is
disconnected from the hub before connecting the cable to the
instrument.
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Operation Understanding the LEDs

The front-panel LEDs have specific meanings whiemiinated.
Figure 3-14 shows location of the LEDs and givesef description of
their meaning

Figure 3-14 Front Panel LEDs

* The green POWER LED turns on when the instrumepbivered
on.

* The green FLOW LED turns on steady when the flewvithin
specification.

* The green FLOW LED will blink if the flow is outf @pecification.

* The yellow SERVICE LED will stay on steady if Lag@wer is out
of range, the sensor optics are dirty or the vieluwe contains
foreign objects.

* The blue SAMPLING LED indicates that the instrurhisnn a
sampling state.
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Connections

The top of the instrument has a connection foisakinetic inlet probe.
See Figure 3-15.

Inlet

Figure 3-15 Instrument Top Connections

The sensor can be used with a direct-mount 1.0 CFM isokinetic probe
or the probe can be attached via tubing to the bdeb.

Figure 3-16 illustrates the connections found anldbttom side of the
R5104V, which include the vacuum source fittingtdeonnector and
the DIP switch cover plate.

RS-485 IN Dip Switch Cover

Vacuum fitting

Figure 3-16 Instrument Bottom Connections
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3-12

Vacuum supplied to the fitting must be 18" Hg ceager for the
R5104V to operate properly and the RS-485 IN pd&té connector)
must be used to connect the instrument to a 'stasingle-point
communication. The R5104V is not designed foryalgin
configuration.

Attempting to defeat this design requirement byigsi in a daisy
chain network may damage the R5104V, which may ttoed
instrument warranty. See “R5104V and Daisy Chghon page 1-4
for more information.

.Communication Ports

The communication port provides RS-485 MODBUS catina. RS-
485 is provided for industrial applications with itiple devices on the
same bus. The RS-485 connector allows easy caanewing a Class
| Division 2 cable to an RS-485 hub. Connectirgg¢bunter to a PC
via RS-485 requires an RS-485 hub. Please coataghthouse Sales
Representative for the hub.

For more information, please s&&ommunications” on page 4-1

Cabling Sensor

WARNING:

WARNING:

WARNING:
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WARNING: The required cable is designed specifically fors§laDivision 2 use,
incorporates an O-ring and provides a positive $egalgh its twist-
lock design. Figures in this section illustrateviibe cable is "mated”
to the sensor.

Note that Figure 3-17 and Figure 3-18 show thentai®on of the key
is up. Make sure the cable is positioned withkég up.

Key

Figure 3-17 Readying Cable for Attachment

WARNING:
Key

Figure 3-18 Cable Attachment Step 2

1. Insert the cable male connector into the seresmptacle - make
sure the cable fully seats into the receptacle.
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2. Figure 3-19 shows the twist motion required tkloable into
place - make sure the lock groove and lock sleeve mate.

Lock groove

Figure 3-19 Cable Receptacle Lock Groove

3. Figure 3-20 illustrates the cable as fully atetto sensor. The
free end of the cable may now be connected to the RS-485 hub,
power applied to the hub and the sensor powered up.

Figure 3-20 Cable Fully Attached
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DIP Switches

The DIP switches are used for addressing the im&tni for RS-485
daisy chain configurations and setting the commatioas mode. See
“DIP Switch Communications Mode” on page 4-2 fotails.

Positions 1-6 set the address of the instrument.
Position 7 and 8 set the communications mode.

The DIP Switches require a tool with a small, peéhtip in order to
change. A very small screwdriver or multimeterq@@an be used.

Instrument Mounting

The R5104V is designed with mounting tabs to asgist simple
mounting to a wall or other flat, vertical surfabdake sure the
instrument is oriented with the bottom of the instent level and
facing down. Figure 3-21 illustrates the dimensimatuired by the
R5104V for proper mounting.

g ———— 2l
UL |

0000

Figure 3-21 Mounting Details
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Power

This REMOTE instrument receives +24VDC on pin Thef RJ45
connector and Ground on pin 8. The RS-485 hublmgihese. The
power consumption is24V, 100mA.

Vacuum Inlet

The Inlet (located on the top of the instrument &utlet (on bottom
of instrument) nozzles use 1/4" ID tubing. Vacuonairflow is from
the top of the instrument to the bottom. The vacwource must be
connected to the bottom (Outlet nozzle). This aéms a downward
flow to carry particles out of the instrument.

The Inlet nozzle can be attached to a length of hose and the other end of
that hose can be attached to an Isokinetic prob@aiotain a non-
turbulent flow through the instrument.

The vacuum supplied must be at least 18" (45.7afri)g in order to
pull 1.0 cfm through the sensor. The flow is coléd by an internal
critical orifice.

If not enough vacuum is present to provide 1.0 C#d,FLOW LED
will blink. In this case, please contact LightheWsorldwide Solutions
Technical Support at techsupport@golighthouse.com.

248083293-1 Rev 7



4 Communications

This chapter contains information regarding the camications
hardware and how to configure the hardware to aifgerfacing with
the REMOTE instrument.

DIP Switches The DIP switches are behind a panel to the righh@fRS-485 port
connector. See Figure 4-1.

Figure 4-1 DIP Switch Cover

Remove the two Phillips head screws to expose tResl@itches. See
Figure 4-2.

Figure 4-2 DIP Switches Exposed
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DIP Switch General Definitions

Table 4-1 displays the general DIP Switch setti@fsE (LEFT) = 0,

ON (RIGHT) = 1.
Note: Use a tool with a Table 4-1 DIP Switch settings
very small, pointed tip in
ord_er to ch_a_nge the DIP Positi
Switch positions. OS#:[IOH Description Setting
1 Binary Bit 0 Addressing, OFF=0, ON=1
2 Binary Bit 1 Addressing, OFF=0, ON=1
3 Binary Bit 2 Addressing, OFF=0, ON=1
4 Binary Bit 3 Addressing, OFF=0, ON=1
5 Binary Bit 4 Addressing, OFF=0, ON=1
6 Binary Bit 5 Addressing, OFF=0, ON=1
7 Communication| Used in conjunction with DIP
Mode switch 8 to set MODBUS mode
8 Communication| Used in conjunction with DIP
Mode switch 7 to set MODBUS mode

Communication Modes

The communication mode used for the REMOTE 5104M@GDBUS
protocol mode. See Table 4-2.

Table 4-2 DIP Switch Communications Mode

DIP DIP
COMMUNICATIONS MODE sw7 | sws
MODBUS protocol OFF OFF

OFF (LEFT) =0, ON (RIGHT) = 1

The DIP Switches must be set before the unit isgged/up. If the DIP
Switches are changed, power cycle the instrumempéement the
change.

4-2 248083293-1 Rev 7



Note: Because Address
0 is reserved for
broadcasting in MODBUS
RS-485 communications,
Address 1 is set when all
the DIP switches are OFF
or when DIP switchl is
ON.

248083293-1 Rev 7

DIP Switch Addressing

Communications

Table 4-3 details the addresses set by the binHPysRitches 1-6.

Table 4-3 DIP Switch Addressing

o e | abpress | P17 ST EHES | appRESS
000000 Oor1 000001 32
100000 1 100001 33
010000 2 010001 34
110000 3 110001 35
001000 4 001001 36
101000 5 101001 37
011000 6 011001 38
111000 7 111001 39
000100 8 000101 40
100100 9 100101 0
010100 10 010101 42
110100 11 110101 43
001100 12 001101 44
101100 13 101101 45
011100 14 011101 46
111100 15 111101 a7
000010 16 000011 48
100010 17 100011 49
010010 18 010011 50
110010 19 110011 51
001010 20 001011 52
101010 21 101011 53
011010 22 011011 54
111010 23 111011 55
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Table 4-3 DIP Switch Addressing

DIP182\/V3!-2C5H6|ES ADDRESS DIP182\N3I'2C5H€IBES ADDRESS
000110 24 000111 56
100110 25 100111 57
010110 26 010111 58
110110 27 110111 59
001110 28 001111 60
101110 29 101111 61
011110 30 011111 62
111110 31 111111 63

Communicating RS-485 Port

with the
Instrument The RJ-45 connector on the instrument’s RS-485 Ipast+24VDC

power, ground and RS-485 lines. The pinouts andgaire displayed
A in Table 4-4.

Table 4-4 RJ-45 Pinouts

RJ-45 Pin Signal Name

1 N/A
N/A

RESERVED for future use

RS-485B (-7 to +12 VDC

RS-485A (-7 to +12 VDC

RESERVED for future use

+24VDC Maximum

GND

Ol N OO O] B WDN

The instrument utilizes RS-485 communications mudti-point star,
or hub, configuration. To connect to the instrumesing a computer,
the computer must be configured to use a port erRi®-485 hub.
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=

Remove power from the hub.

Communications

2. Connect one end of the RJ-45 cable to the RS:zd8%erter: pin 4

to ChB+ and pin 5 on ChA-.

3. Connect the other end of the RJ-45 cable to agoothe hub.

. Connect the RS-232 DB9 side of the RS-485 coevértthe DB9
COM port on the computer with a DB9 Male to DB9 Feden
straight through cable. Any available COM Port rhbayused.

5. Power on the hub, which will supply power to th&rument.

Table 4-5 displays the RS-485 standards for disteacd number of
devices on a chain. The Electronics Industry Asgon (EIA) has
produced standards for RS-485 that deal with dat@ntunications.

Table 4-5 EIA RS-485 Communication Standards

SPECIFICATION RS-485
Mode of Operation Differential
Total Number of Drivers and Receivers on 32 Drivers

One Line (One driver active at a time fo
RS485 networks)

32 Receivers

Maximum Cable Length

4000 ft (1,219.2 m)

Maximum Data Rate (40 ft - 4000 ft for
RS422/RS485)

10Mb/s - 100Kb/s

Maximum Driver Output Voltage -7V to +12V
Driver Output Signal Level (Loaded +/-1.5V
Min.): LOADED

Driver Output Signal Level (Loaded +/-6V
Max.): UNLOADED

Driver Load Impedance (Ohms) 54
Max Driver Current in High Z State +/-10QUA
(POWER ON)

Max Driver Current in High Z State +/-10QUA
(POWER OFF)

Receiver Input Voltage Range -7V to +12V
Receiver Input Sensitivity +/-200mV
Receiver Input Resistance (Ohms), (1 >=12k

Standard Load for RS485)
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DIP Switches

Note: when changing
the DIP switch settings, the
instrument power must be
cycled on and off to save
the settings.

Protocol
Settings

Power On/
Auto Start

Note: The automatic
starting of the sampling
accommodates systems
that do not send a START
command, but just polls
the instrument for its data.

248083293-1 Rev 7

Programming with
MODBUS Protocol

The REMOTE 5104V family of instruments can be pesgmed using
the MODBUS Protocol. The full protocol is detailed'R5104V
MODBUS Register Map v1.44” on page A-1.

This chapter contains the information needed tgramm the basic
configuration for the instrument using the MODBUStpcol.

During power-up and reset, the counter reads the DIP switches on the
back panel.

DIP Switches 7 and 8 must both be in the OFF mwsiti order to use
the MODBUS protocol.

The MODBUS Protocol is defined through an RS-486rfiace with:

e Baud Rate: 19200
» Data Bits: 8

» Stop Bits: 1

o Parity: None

* Flow Control: None

When powering up the instrument, it will begin séimgp using the
default configuration:

* Location = 0
e Sample Time = 60 seconds
« Hold Time = 0 seconds

e« Alarm Channel = Enabled

To stop the sampling, send the commafAar 12to command register
40002.

Stopping the sampling will set the Device StatusrbRegister 40003
to 0.
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Running the

Instrument
Using
MODBUS

5-2

The applicable action commands are displayed iheTad.

Table 5-1 MODBUS Action Commands

Value Action
1 Saves all writable 4xxxx register values to thée’REOM.
3 Clears the Data Buffer. Record count is set to.ze
4 Saves the instrument parameters in the 40xxxtezgif

L

the EEPROM. Parameters include Sample Time, Hol
Time, and Location.

9 Manual Start.

The instrument samples continuously until it reesia
Manual Stop command. Ignores local timing paransets
Sets Sample Time for data record to equal the time
interval between the Manual Start and Manual Stop
command.

\1%4

10 Manual Stop.
Stops sampling. Records counts since Manual Start.

11 Instrument Start (Automatic Counting).
Uses defined Hold Time and Sample Time. Instrument
executes samples and holds until an Instrument Stop
command is issued.

12 Instrument Stop.
Aborts current sample. Stops data collection.

Each of the described action commands above ateewto the
command register (40002).

AUTOMATIC Counting Mode

In Automatic counting mode, the instrument usesctirdigured
sample time and hold time to record samples.

The instrument will continue running samples atdbefigured sample
time until it receives a stop command. When tbe sommand is
given, the most current data will not record to béfer.

After setting all the instrument parameters as ilesd in “Changing
the Default Instrument Parameters” on page 5-4ewiese commands
to the Command register (40002):

11 Start Instrument; to start recording

12 Stop Instrument; to stop recording
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Programming with MODBUS Protocol

MANUAL Counting Mode

In Manual counting mode, the computer starts tingpsaand the
instrument continues counting until a stop commiargiven. At that
point, the sample time is listed at whatever theetinterval was
between the start command and the stop command.

Write these commands to the Command register (40002

9 Start Instrument; to start recording.
10 Stop Instrument; to stop recording after desga@uahple time.

Setting the Real Time Clock

The Real Time Clock (RTC) can be read in registi@327 and 40028
as shown in Table 5-2.

Register 40027 is the high word for the real tinoek; 40028 is the
low word. The date/time is calculated as the nunabseconds since
midnight of 1/1/1970.

The date & time is stored in a 4-byte unsignedgeteor as a 32-bit
unsigned integer.:

Table 5-2 Real Time Clock Registers

Register Data Type Description

40027 signed integer Real Time Clock (RTC) [high].ri¢oin

conjunction with 40028. Displays date and
time, in number of seconds since
midnight, 1/1/1970.

40028 signed integer Real Time Clock [low]

In order to change the RTC to the current locat/tiate, enter the high
and low values as unsigned integers to registéd83@nd 40036
respectively, which are the Data Set registers.Tabte 5-3.

Table 5-3 Data Set Registers

Register Data Type Description

40035 unsigned integer Data Set [high]. Works in goagjion

j®N

with 40036. Data entered here is applie
to the device through the command
register.

248083293-1 Rev 7
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Table 5-3 Data Set Registers

Register Data Type Description

40036 unsigned integer Data Set [low]

Then write the commant to the command register 40002. This will
write the values in the Data Set registers (4008b640036) to the RTC
registers (40027 and 40028).

Changing the Default Instrument Parameters

The main instrument parameters involved with therapon of the
REMOTE counter are Location, Sample Time, and Hahde as
shown in Table 5-4.

The Location is set by writing an unsigned inteigeregister 40026.
The range of values is from 0 to 999.

Sample Time and Hold Time both use 2 registergglaword and a

low word. If the desired value for any of these parameters is less than
or equal to 9 hours, 6 minutes and 7 seconds (32&6dnds), then

only the low word register needs to be written with value in

seconds.

The low word register for Sample Time is 40034.
The low word register for Hold Time is 40032.

Table 5-4 Instrument Parameters

Register Data Type Description

40026 | unsigned integerLocation number
Specifies location of Particle Counter.

40031 | unsigned integerHold Time [high].
Works in conjunction with 40032. Number of
seconds to wait between sample periods. Max value
is 359,999, which equals 99h 59m 59s

40032 | unsigned integerHold Time [low]

40033 | unsigned integer Sample Time [highl].
Works in conjunction with 40034. Number of
seconds to sample. Max value is 86,399, which
equals 23h 59m 59s.

40034 | unsigned integer Sample Time [low]

5-4
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Using Sensor Setting Registers

Certain configuration settings can be sent to thenter through these
registers.

Sensor Setting Registers 40001 and 40003 throu@g®3ére protected
and should not be changed.

Location (Register 40026)

For Particle Counters, this value specifies at idzdtion a sample
was recorded.

For Manifold Controllers, this value specifies thanifold position.
Writing a value from 1-32 to this register will mothe manifold arm
to that position on the manifold. Value 0 moves &hm to the Home
position.

Hold Time (Registers 40031, 40032)

The Hold Time is used for pausing in between sasnfdemultiple
cycles. If Hold Time is greater than 1 minute, pluenp will turn off.

This time is specified in seconds. The maximunueas 359,999
seconds (high word: 5, low word: 32319) which ish@firs, 59
minutes, and 59 seconds. To set the Hold Timeviwe less than 9
hours, 6 minutes, 7 seconds, enter the numbeicohsis in thdow
register(40032).

During Hold Time, the Device Status bit is O (Idle)
Sample Time (Registers 40033, 40034)

The Sample Time specifies the time period of eachpde. This time
is specified in seconds. The maximum value ofsdraple time is
86,399 seconds (high word: 1, low word: 20863) \Wwh&23 hours, 59
minutes, 59 seconds.

To set the Sample Time to a value less than 9 héursnutes, 7
seconds, enter the number of seconds inailveegister(40034).

During the Sample Time, the Device Status is 1 (Bizqy).
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Alarm and
Threshold
Registers

Alarm Enable Registers

The Alarm Enable input registers (43xxx seriesygho Table 5-5 are
read/write. All enable data items are 4 bytes land are stored across

2 registers. Byte and word ordering is big-endi@hus, data items are
formed by placing the high bytes in front of thevlbytes. For

example:

<High Bytes><Low Bytes> = <4 Byte Data ltem>

The 43xxx register series is used to determine hvparticle data
channels are set to ALARM ENABLE.

Table 5-5 Alarm Enable/Disable Bits

Bit Description
0 RESERVED
1 ALARM ENABLE (0O=disable; 1=enable)
2 RESERVED

These registers run in parallel with the data tegis(30xxx series).
For example, data register 30010’s enable alariistezgvould be
43010. Data register 30016’s enable alarm regmbedd be 43016.

Note: Alarm Enable
currently only works for
Particle Channels.

Table 5-6.

Enabling the Alarm for a particle channel requseting the bit in the
low word of that channel. Any or all active pariadhannels can be
enabled at a time and can set a different alarestiuld for each. See

Particle data registers for the Alarm Enable setting start at 43009 for
the high word and 43010 for the low word for chdrine

Table 5-6 Alarm Enable Registers

Register | Data Type Description
43009 | unsignedint Alarm Enable for Particle Charingligh]
(smallest particle size starts here)
43010 | unsignedint Alarm Enable for Particle Charingbw]
43011 | unsignedint Alarm Enable for Particle Charihgigh]
43012 | unsignedint Alarm Enable for Particle Charihgow]
43013 | unsignedint Alarm Enable for Particle Charihgligh]
43014 | unsigned int Alarm Enable for Particle Charihpow]

5-6
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Table 5-6 Alarm Enable Registers

Register | Data Type

Description

43015 | unsigned int

Alarm Enable for Particle Chahfigh]

43016 | unsigned ing

Alarm Enable for Particle Chamhgbw]

Enable Alarming for a Channel

Alarm and threshold registers are independent of each other. Any one
register’s settings will not affect the others amg channel alarms may

be enabled or disabled as the user requires. Xaon@e, to enable
alarming on just the first particle channel, endlitel by writing the

value of '3’ to register 43010. To disable alargion the first channel

and enable alarming on the second channel, wiiteta register

43010 and a '3’ to register 43012. To enablelalinas, write a '3’ to

each of the registers 43010, 43012, 43014 and 4&Hé Table 5-7.

To disable alarming completely, write a '1’ to thieabled register or
registers (43010, 43012, 43014 or 43016).

Table 5-7 Example of Alarming on only Channel 2

Registers Particle Bit 1 Bit 0 shouI(.:I
Channel Enabled always be:
43009 - 43010 1 0 1
43011 - 43012 2 1 1
43013 - 43014 3 0 1
43015 - 43016 4 0 1

Use the Threshold registers to set the alarm tbidskalue(s) as
described in the next section.

Threshold Setup Registers

Threshold data is stored in the input registeth@¥5xxx series which
are read/write. All threshold data items are £bybng and are stored
across 2 registers. Byte and word ordering isdoidran.

For particle channels, the threshold value is &i82nsigned integer.

If the data value exceeds the threshold value lamalarm is enabled

for that channel, the threshold flag in the Data Status register (30007-
30008, hit 4) is set.
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Note: The REMOTE
comes standard with 2
particle channels; Table 5-
8 shows the optional 4
channels.

5-8

The Data Status flag is set if any of the channels have a threshold
exceeded state as true.

The Threshold registers (45xxx series) run in paralith the data
registers (30xxx series). For example, data reg&010’s
corresponding threshold register would be 4501 @a Degister 30016’s
threshold register would be 45016. See Table 5-8.

Table 5-8 Alarm Threshold Registers

Register | Data Type Description

45009 | unsigned int Threshold for Particle ChanndiigH]
(smallest particle size starts here)

45010 | unsignedint Threshold for Particle Channdb/]
45011 | unsignedint Threshold for Particle ChanndligH]
45012 | unsignedint Threshold for Particle Channdb&]
45013 | unsigned int Threshold for Particle ChanndligH]
45014 | unsignedint Threshold for Particle Channdb®]
45015 | unsigned int Threshold for Particle ChanndligH]
45016 | unsignedint Threshold for Particle Channdbw]

Setting the Alarm Threshold Value

The Alarm Threshold Value is set in the low registethe channels.
Each channel has independent threshold value eegjisEince any or
all channels can be enabled for alarms at any diwes each threshold
value applies to the corresponding channel. Sg#tivalue for channel
1 as 100 will not affect channel 2 setting of, &0). See Table 5-9.

Table 5-9 Alarm Threshold Registers set to 1000

Registers Particle Threshold
Channel Value

45009 - 45010 1 1000

45011 - 45012 2 1000

45013 - 45014 3 1000

45015 - 45016 4 1000
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R5104V MODBUS
Register Map v1.44

Lighthouse patrticle counters with MODBUS have tbkofving

communications settings:

Table A-1 MODBUS Communications Settings

Baud Rate 19200
Data Bits 8
Stop Bits 1
Parity None

Hardware Protocol

RS-232-C or RS-485 standard

Software Protocol

MODBUS ASCII (supports upper/lower cas

The MODBUS slave address is set on the particleteou

Table A-2 MODBUS Registers

Hex Command

Description

03 Read Holding Registers
04 Read Input Registers
06 Write Single Holding Register

See www.modbus.org for documentation on how totlisse

commands.

A-1
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Register Map Sensor Settings Registers

Instrument settings are stored in holding regidires 4xxxx series),
which are mostly read/writable. Not all holdingjisters are writable.
Table A-2 describes the content of these registers.

Table A-3 Sensor Settings Registers

Register Data Type Description

40001 | unsigned integer MODBUS register map versidatches the version numbe
of this document. Major version digits are hundret¥inor
version digits are tens and ones. For exampl&bv2.135d =
0087h

40002 | unsigned integenr Command register. Makesdheter execute a command.
See the description of this register in the taleliew.

40003 | unsigned integen Device Status.
[bit 0=RUNNING, bit 1=SAMPLING, bit 2=NEW DATA]

40004 | unsigned integenn  Firmware version. Major wersligits are hundreds. Minor
version digits are tens and ones. For example=210.10

40005 | unsigned integenn  Serial Number [high]

40006 | unsigned integenn  Serial Number [low]

40007 | ASCII string Product Name char[0], char [1] (NUterminated string)
40008 | ASCII string Product Name char[2], char [3]

40009 | ASCII string Product Name char[4], char [5]

40010 | ASCII string Product Name char[6], char [7]

40011 | ASCII string Product Name char[8], char [9]

40012 | ASCII string Product Name char[10], char [11]

40013 | ASCII string Product Name char[12], char [13]

40014 | ASCII string Product Name char[14], char [15]

40015 | ASCII string Model Name char[0], char [1] (NUltdrminated string)
40016 | ASCII string Model Name char[2], char [3]

40017 | ASCII string Model Name char[4], char [5]

40018 | ASCII string Model Name char[6], char [7]

40019 | ASCII string Model Name char[8], char [9]
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Table A-3 Sensor Settings Registers

Register Data Type Description

40020 | ASCII string Model Name char[10], char [11]

40021 | ASCII string Model Name char[12], char [13]

40022 | ASCII string Model Name char[14], char [15]

40023 | unsigned integerr  Flow Rate. Divide by 100dbrgte in CFM. For example,
100 = 1CFM

40024 | signed integer Record Count. Total numbeeodnds stored in the counter

40025 | signed integer Record Index. Zero based itmldata in 3xxxx register
series. Must be lower than the record count (register 4002
Set this index to expose a counter’s record irBthex
registers. Set to -1 to retrieve last record stamehe counter.

40026 | unsigned integen  Location number
Particle CountersSpecifies location of Particle Counter.
Manifold Controller Specifies Manifold position. Setting thig
value moves to that position on the manifold.

40027 | signed integer Real Time Clock (RTC) [high].ritgin conjunction with
40028. Displays date and time, in number of secsem®
midnight, 1/1/1970.

40028 | signed integer Real Time Clock [low]

40029 | unsigned integen Initial Delay [high]. Worksdonjunction with 40030.
Number of seconds to wait before starting the fisshple. Max
value is 359,999, which equals 99h 59m 59s.

40030 | unsigned integen Initial Delay [low]

40031 | unsigned integen  Hold Time [high]. Works imgmction with 40032. Number
of seconds to wait between sample periods. Maxevisl
359,999, which equals 99h 59m 59s

40032 | unsigned intege  Hold Time [low]

40033 | unsigned integen  Sample Time [high]. Workednjunction with 40034.
Number of seconds to sample. Max value is 86,888h
equals 23h 59m 59s.

40034 | unsigned integer  Sample Time [low]

40035 | unsigned integen  Data Set [high]. Works in goafion with 40036. Data entere
here is applied to the device through the commagiter.

40036 | unsigned integen Data Set [low]

248083293-1 Rev 7
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Table A-3 Sensor Settings Registers

Register Data Type Description
40039 | unsigned integen Laser Reference \Voltage (oith)
40041 | ASCII string Flow Unit - Defines the Unit tiiabwRate value is based on
char[0], char[1]. (NULL-terminated string)
40042 | ASCII string Flow Unit. char[2], char[3]
40043 | unsigned integenn  Calibration Reference \Vol{ag#ivolts)
40047 | signed integer Calibration Due Date [high]idates when instrument is due
for calibration. This number can be generated byANSI C/
C++ time() function.
40048 | signed integer Calibration Due Date [low].
Device Status
The Device Status register (40003) displays the current status of the
device.
Table A-4 Device Status
Bit Description
0 | RUNNING: Set when a start command is executed
remotely via Command 9 (manual start) or Command 11
(instrument start) or through the user interface. The flag
will remained set until a stop command is executed.
1 | SAMPLING: This is set only when the instrument is
actually sampling data that is to be recorded. tiGau
must be used in sending a command during this ttiraie
may invalidate current sample.
2 | NEW DATA: Setto 1 to indicate that a new data record
has been recorded and it hasn't been read via rageiu
When a data record has been read via modbus @egist
30001 to 30999), then this flag is reset to zero.
Command The Command Register (40002) is used to make thiealperform an
Register action. The register performs an action when tager value is written

A-4

to it. The action is completed when the devicalsenMODBUS
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response. When this register is read, it alwatggme a zero.

Table A-5 Command Register

Value

Action

Saves all writable 4xxxx register values to thée’REDM.

Reserved for future use.

Clears the Data Buffer. Record count is set to.ze

Al W|DN

Saves the instrument parameters in the 40xxxtexgito the
EEPROM. Parameters include Sample Time, Hold Tim#aal
Delay, and Location.

Enable Remote Control. Locks out the instrumargisr interface.
Can only change instrument parameters via MODBUS.

Enable Local Control. Unlocks the instrument’srusterface.
Instrument changes can be made at the device itself or through
MODBUS.

Turns local pump on, if applicable.

Stop pump, if applicable.

Manual Start.

The instrument samples continuously until it reesia Manual
Stop command. Ignores local timing parameterss Sample Time
for data record to equal the time interval betwdenManual Start
and Manual Stop command. If applicable to dewiogs not start

pump.

10

Manual Stop.
Stops sampling. Records counts since Manual Start.

11

Instrument Start (Automatic Counting).
Particle CountersUses defined Initial Delay, Hold Time, Sample
Interval and counting mode. Instrument executagpsas and holds
until an Instrument Stop command is issued. Fsiriuments with
pumps, this command will start the pump.

Manifold Controller Uses defined Manifold Sequence. Stops
counting and changing position when Instrument $mpmand is
issued.

12

Instrument Stop. Aborts current sample. Stapsyp if applicable.
Stops data collection.

248083293-1 Rev 7
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Table A-5 Command Register

Value

Action

13

Set Real Time Clock.
Writes "Data Set" values (from Registers 40035 &38) to the
local Real Time Clock. New time value is saved.

Alarm and
Threshold
Registers

Note: These registers
currently apply only to
ALARM enable/disable,
not to Channel enable/
disable.

Note: Alarm Enable
currently only works for
Particle Channels. Any or
all channels and their
alarm thresholds can be
enabled and configured
independently of each
other.

A-6

Alarm Enable Registers

The Alarm Enable input registers (43xxx series)rasal/write. All

enable data items are 4 bytes long and are stored across 2 registers.
Byte and word ordering is big-endian. Thus, data items are formed by
placing the high bytes in front of the low bytdsor example:

<High Bytes><Low Bytes> = <4 Byte Data ltem>

The 43xxx register series is used to determine hvparticle data
channels are set to ALARM ENABLE.

Table A-6 Alarm Enable/Disable Bits

Bit Description
0 **RESERVED***
1 ALARM ENABLE (O=disable; 1=enable)
2 RESERVED

These registers run in parallel with the data tegis(30xxx series).
For example, data register 30010’s enable alarmstezgvould be
43010. Data register 30016’s enable alarm regmbeid be 43016.

bit in the low word of
lways be ON, only

Bit-0 must always be

gisters will receive a’'3’

To enable the Alarm for a particle channel, set the
that channel. Because Bit-0 is reserved and must a
Bit-1 will change for any channel alarm setting and
written as a’1’. What this means is that these re

to turn the setting ON and a '1’ to turn it OFF.
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Particle data registers for the Alarm Enable setting start at 43009 for
the high word and 43010 for the low word for chdrine

Table A-7 Alarm Enable Registers

Register | Data Type Description

43009 | unsignedint Alarm Enable for Particle Charingligh]
(smallest particle size starts here)

43010 | unsignedint Alarm Enable for Particle Charingow]
43011 | unsignedint Alarm Enable for Particle Charihgligh]
43012 | unsignedint Alarm Enable for Particle Charihgow]
43013 | unsignedint Alarm Enable for Particle Charihgligh]
43014 | unsigned int Alarm Enable for Particle Charihpow]
43015 | unsignedint Alarm Enable for Particle Charhgiligh]
43016 | unsignedint Alarm Enable for Particle Charhgow]

Enable Alarming for a Channel

To enable alarming on particle channel #1, writ® & register 43010,
which enables its Bit 1 and maintains Bit O as 'To disable alarming
on channel 1 and enable it on channel 2, writé to’fegister 43010
and a '3’ to register 43012. To enable all, wat&’ to 43010, 43012,
43014 and 43016.

To disable alarming completely, write a '1’ to di&aBit 1 to registers
43010, 43012, 43014 and 43016.

Table A-8 Example of Alarming on only Channel 2

Registers Particle Bit 1 Bit 0 shouI(.:i
Channel Enabled always be:
43009 - 43010 1 0 1
43011 - 43012 2 1 1
43013 - 43014 3 0 1
43015 - 43016 4 0 1

Use the Threshold registers to set the alarm tbidstkalues, as
described in the next section.
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Note: The Table A-9
shows the registers for a 4
channel particle counter.
Counters with less
channels do not use the
extra registers. The
smallest particle channel

starts at the xxx09 position.

A-8

Threshold Setup Registers

Threshold data is stored in the input registeth@¥5xxx series which
are read/write. All threshold data items are £bybng and are stored
across 2 registers. Byte and word ordering isdoidian. Thus, data
items are formed by placing the high bytes in frafinthe low bytes.
For example:

<High Bytes><Low Bytes> = <4 Byte Data ltem>

For particle channels, the threshold value is &®i82nsigned integer.

If the data value exceeds the threshold value lamalarm is enabled

for that channel, the threshold flag in the Data Status register (30007-
30008, hit 4) is set.

The Data Status flag is set if any of the channels have a threshold
exceeded state as true.

The threshold registers (45xxx series) run in palralith the data
registers (30xxx series). For example, data regi&2010’s
corresponding threshold register would be 4501 @a bDegister 30016’s
threshold register would be 45016.

Table A-9 Alarm Threshold Registers

Register | Data Type Description

45009 | unsigned int Threshold for Particle ChannéligH]
(smallest particle size starts here)

45010 | unsignedint Threshold for Particle Channdbd/]

45011 | unsignedint Threshold for Particle ChanndligH]

45012 | unsignedint Threshold for Particle Channdb&]

45013 | unsigned int Threshold for Particle ChannddigH]

45014 | unsignedint Threshold for Particle Channdb®]

45015 | unsigned int Threshold for Particle ChanndligH]

45016 | unsignedint Threshold for Particle Channdbw]
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Setting the Alarm Threshold Value

Note: Thresholds are The Alarm Threshold Value is set in the low registethe channels.
independentofeachsothe  Egch channel has independent threshold value egegjisGetting a

value set for one channel . .
do6s not affect another. value for channel 1 as 100 will not affect chartheétting of, say, 500.

Table A-10 Alarm Threshold Registers set to 1000

Reqisters Particle Threshold
g Channel Value

45009 - 45010 1 1000

45011 - 45012 2 1000

45013 - 45014 3 1000

45015 - 45016 4 1000
Data Data is stored in the input registers (30xxx s¢ri@hich are read-only.
Registers All data items are four bytes long and are stoxdss two registers.

Byte and word order is big-endian. Thus, data steme formed by
placing the high bytes in front of the low bytes.

Example:
<High Bytes><Low bytes> = <4 Byte Data Item>

Not all particle channels are active. Retrieviagadfrom an inactive
channel returns garbage. See the Data EnabletBagsection of this
document for details on how to record data fronvaathannels.

This entire series of registers represents one data record in the device
The Record Index Register (40025) must be charyediex other
records here.

The first record in the data buffer is locatedratdx=0. The most
recently saved value is at Index=-1.

Table A-11 Data Registers

Register Data Type Description

30001 signed integer Timestamp [high] (# of secoimlses
midnight, 1/1/1970)

30002 signed integer Timestamp [low]

30003 unsigned integer Sample Time [high] (In secpnds
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Table A-11 Data Registers

Register Data Type Description

30004 unsigned integer Sample Time [low]

30005 unsigned integer Location [high] (Place wher@dvas
recorded)

30006 unsigned integer Location [low]

30007 unsigned integer Device Status [high]

30008 unsigned integer Device Status [low]

30009 unsigned integer Particle Channel 1 [high]

30010 unsigned integer Particle Channel 1 [low]

30011 unsigned integer Particle Channel 2 [high]

30012 unsigned integer Particle Channel 2 [low]

30013 unsigned integer Particle Channel 3 [high]

30014 unsigned integer Particle Channel 3 [low]

30015 unsigned integer Particle Channel 4 [high]

30016 unsigned integer Particle Channel 4 [low]

30065 IEEE Float Background Voltage [low] (percentbgsed
on Calibration Reference value) - REMOTE

30066 IEEE Float Background Voltage [high]

30067 IEEE Float Flow Value [low] (0.0 if flow is hmk
reference, 1.0 if flow is within reference, 1.1
flow is above reference)

30068 IEEE Float Flow Value [high]

30069 IEEE Float Laser \Voltage [low] (Percentage base
Laser Reference value)

30070 IEEE Float Laser Voltage [high]

Note: Particle data
cumulative raw count
regardless of the

instrument’s settings.

A-10

isa

The timestamp field indicates when the data rewas recorded.
Timestamps are stored as the number of seconds Bilti970, the
Unix time epoch. This value can be written dingatto a C/C++
time_t data type to be used by ANSI C time fundion
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Note: Although
MODBUS sends 4 bytes of
status information,
Lighthouse instruments
only use the first (least
significant) byte.

Note: All data records
have the same enable
states. The user does not
have to read the enable
registers for every record.
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Device Status Word
The registers used for the Device Status Word are 30007 and 30008.

The bit order of the Device Status Word is 7 toight to left), where
bit 7 is the most significant bit and bit O is feast significant bit.

The bits within the Device Status Word are flagtggedhdicate
particular conditions of the currently indexed dageord.

If multiple states occur, the bits are added togretlror example, a
Flow Alert and a Particle Overflow would return@we of 6 in register
30008 (bits 1 and 2 are set TRUE).

Table A-12 Device Status Word

Bit Description

0 Laser Alert Status
0 = Laser is good 1 = Laser Alert

1 Flow Alert Status
0 = Flow Rate is good 1 = Flow Rate Alert

2 Particle Overflow Status
0 = No overflow 1 = Overflow occudre

3 Instrument Service Status
0 = Working correctly 1 = Instrument malftioa detected

4 Particle Threshold Exceeded Status

0 = Threshold not exceeded 1 = Threshot@eded

Data Enable Registers

The 31xxx register series is used to determine hwtata items in

30xxx are enabled. Enabled items contain recoddé¢al Data

retrieved from disabled items return garbage. Data items are disabled
for particle channels not supported by the device or when the device
software is configured not to record data for thibsms.

The Enable Registers (31xxx series) run in parali¢l the Data
Registers (30xxx series). For example, Data Reg&2010’s Enable
Register is 31010. Data Register 30016’s EnabtgdRe is 31016.

The 31xxx register states are:

00000000h = Disabled
FFFFFFFFh = Enabled
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Data Type Registers

Note: All data records
have the same data types
assigned to them. The
user does not have to read
the data type registers for
every record.

32041.

The 32xxx register series is used to identify theetof data in the
30xxx series. The Data Type registers run in parallel with the Data
Registers. For example, Data Register 30041’s Dgta register is

Data Types are assigned 4 ASCII characters acromgigers. A Data
Type string containing less than 4 characters dsled with NULL

characters but a Data Type using all four characters will not end with a

NULL.
Table A-13 Data Types
String Description
TIME Timestamp
STIM Sample Time
SVOL Sample Volume
LOC Location
STAT Status
TEMP Temperature
RH Relative Humidity
AIRV Air Velocity
DPRS Differential Pressure
ESD Electrostatic Discharge
FLOW Flow Rate
LASV Laser Voltage
VOLT \oltage
PRES Pressure

Note: Only Particle data
types have numbers in
their strings.

A-12

Particle data items are special data types. Thaycantain numbers,
spaces and use periods as decimal points. Thaysatkto identify
particle channel sizes and are always expressedcions. They also
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Note: Not all data types
have units.
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represent raw counts onIy.

Table A-14 Examples of Particle Data Iltems

String Description
0.3 Particle type of size 0.3 micron
1.0 Particle type of size 1.0 micron
20.0 Particle type of size 20.0 micron
.015 Particle type of size 0.015 micron or 15 narteme

Data Units Registers

The 33xxx register series identifies the units usgdata items in the

30xxx series. The Units Registers run in parali¢h the Data
Registers. For example, Data Register 30010’ssURégister is

33010.

Units are stored as 4 character ASCII strings ac2a®gisters. A
Units string containing less than 4 charactersoacharacters is padded
with NULLs but a Units string using all 4 charasteloes not end with

a NULL.
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Note: Be aware that Table A-15 shows Units that may be used by thecdefar recording
LWS Particle Counters data. Not all Units are used by the device andeserved for other
gmuse units not on the equipment or for future use.

Table A-15 Data Units

Units Description Units Description
# Count (For Particles) ft/m Feet per minute
% Percent m/s Meters per second
S Seconds "H20 Inches of water
min Minutes "Hg Inches of mercury
hour Hours mmWa | Millimeters of water
F Fahrenheit mmHg| Millimeters of mercury
C Celsius cmHg | Centimeters of mercury
K Kelvin Pa Pascals
ft Feet kPa Kilopascals
m Meters Bar Bar
fth2 Square feet mBar Milli-bar
m”2 Square meters \% \olts
ft"3 Cubic feet mV Milli-volts
m”3 Cubic meters A Amperes
L Liters mA Milli-amps
CFM Cubic feet per minute Ohm Ohms
CMM Cubic meters per minute mOhm  Milli-ohm
L/m Liters per minute
p/f3 Particles per cubic foot
p/m3 Particles per cubic meter
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Safety
Considerations

Routine
Maintenance

Laser Safety
Information
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Maintenance

Warnings and cautions are used throughout this alahus the
responsibility of the user to familiarize themsealwéth the meaning of
a warning before operating the particle sensomalinings will appear
in the left margin of the page next to the subgecttep to which it
applies. Take extreme care when doing any proceduexeded by or
containing a warning.

Routine maintenance activities should be estaldislyethe end-user
and may include cleaning of the exterior of the instrument and
checking of the status LEDs.

No other routine activities are suggested by thaufecturer at this
time. The manufacturer recommends that a Lighthdustrument be
calibrated annually by a Certified Lighthouse SesvProvider to
ensure that the unit continues to perform withiecsfication.

There are no user-serviceable components withimgteument and
opening it is strongly discouraged.

THIS EQUIPMENT IS SUITABLE FOR USE IN CLASS |,
DIVISION 2, GROUPS A, B, C & D OR NON-HAZARDOUS
LOCATIONS ONLY.

This product contains a Laser-based sensor tl@a€iass | when used
under normal operation and maintenance conditi®asricing
procedures on the sensor can result in exposuneisible radiation.
Service should be performed only by factory-authorized personnel.

The particle counter has been evaluated and testextordance with
ISA-82.02.01 99 Ed., July 2004, "Safety Requirements For Eledtrica
Equipment for Measurement, Control, and Laboratésg" and ANSI/
ISA-12.12.01-2000, "Nonincendive Electrical Equipmh#or Use in
Class | and Il, Division 2 and Class lll, Divisiohsand 2 Hazardous
(Classified) Locations. See Figure B-1.
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WARNING:

AWARNING\

EXPLOSION HAZARD

DO NOT DISCONNECT WHILE CIRCUIT
IS LIVE UNLESS AREA IS KNOWN TO
BE NON-HAZARDOUS

RISQUE D<EXPLOSION

NE PAS DEBRANCHER TANT QUE LE
CIRCUIT EST SOUS TENSION,
A MOINS QUeIL NE S*AGISSE D+UN
EMPLACEMENT NON DANGEREUX

Figure B-1 Explosion Hazard Label

WARNING:

WARNING:

For further assistance, please contact our TechBigaport Team at
800-945-5905 (USA Toll Free) or 541-770-5905 (Cdespf USA).

B-2 248083293-1 Rev 7



Limited Warranty

Limitation Of Warranties:

A.

Lighthouse Worldwide Solutions (LWS) warrants thakt
equipment shall be free from defects in material an
workmanship under normal use for a period of twargdrom
date of shipment to Buyer except that LWS doeswvaotant that
operation of the software will be completely unmtpted or
error free or that all program errors will be catesl. Buyer shall
be responsible for determining that the equipmestitable for
Buyer’s use and that such use complies with anjicgipe
local, state, or federal law. Provided that Buyetifies LWS in
writing of any claimed defect in the equipment inthiagely
upon discovery and any such equipment is returoeidet
original shipping point, transportation chargespaid, within
two years from date of shipment to Buyer and up@meénation
LWS determines to its satisfaction that such eqeipinis
defective in material or workmanship, i.e. contandefect
arising out of the manufacture of the equipmentoida defect
caused by other circumstances, including, butinotdd to
accident, misuse, unforeseeable use, neglectatdter
improper installation, improper adjustment, impnopepair, or
improper testing, LWS shall, at its option, repaireplace the
equipment, shipment to Buyer prepaid. LWS shalkhav
reasonable time to make such repairs or to redack
equipment. Any repair or replacement of equipméatisot
extend the period of warranty. If the Instrumentisdified or in
any way altered without the explicit written consehLWS then
the warranty is null and void. This warranty isilied to a period
of two years, except as noted below, without reganghether
any claimed defects were discoverable or latertherdate of
shipment. The length of warranty for pumps in haefd particle
counters is one (1) year. Batteries and accessoiibsall
products are warranted for one (1) year. Fusepargk filters
carry no warranty. If a third party battery is usedhe product,
the product warranty is null and void. If the baftes charged by
a third party battery charger the battery warrastyull and void.

If Buyer shall fail to pay when due any portiontleé purchase
price or any other payment required from Buyer\t¢3 under
this contract or otherwise, all warranties and reie® granted
under this Section may, at LWS'’s option, be terr@da

THE FOREGOING WARRANTY IS EXCLUSIVE AND IN
LIEU OF ALL OTHER REPRESENTATIONS, WARRANTIES
AND COVENANTS, EXPRESS OR IMPLIED WITH
RESPECT TO THE EQUIPMENT AND ANY DEFECTS
THEREIN OF ANY NATURE WHATEVER, INCLUDING
AND WITHOUT LIMITATION WARRANTIES OF MER-
CHANTABILITY OR FITNESS FOR A PARTICULAR PUR-
POSE. LWS SHALL NOT BE LIABLE FOR, AND BUYER
ASSUMES ALL RISK OF, ANY ADVICE OR FAILURE TO
PROVIDE ADVICE BY LWS TO BUYER REGARDING THE
EQUIPMENT OR BUYERS USE OF THE SAME. UNDER
NO CIRCUMSTANCES SHALL LWS BE LIABLE TO
BUYER UNDER ANY TORT, NEGLIGENCE, STRICT LIA-

248083293-1 Rev 7

BILITY, OR PRODUCT LIABILITY CLAIM AND BUYER
AGREES TO WAIVE SUCH CLAIMS. LWS’s SOLE AND
EXCLUSIVE LIABILITY AND BUYERS SOLE AND
EXCLUSIVE REMEDY, FOR ANY NONCONFORMITY OR
DEFECT IN THE PRODUCTS OR ANYTHING DONE IN
CONNECTION WITH THIS CONTRACT, IN TORT,
(INCLUDING NEGLIGENCE), CONTRACT, OR OTHER-
WISE, SHALL BE AS SET FORTH IN THE SUBSECTION A
HEREOF AS LIMITED BY SUBSECTION B HEREOF. THIS
EXCLUSIVE REMEDY SHALL NOT HAVE FAILED OF ITS
ESSENTIAL PURPOSE (AS THAT TERM IS USED IN THE
UNIFORM COMMERCIAL CODE) PROVIDED THAT THE
SELLER REMAINS WILLING TO REPAIR OR REPLACE
DEFECTIVE EQUIPMENT (AS DEFINED IN SUBSECTION
A) WITH A COMMERCIALLY REASONABLE TIME

AFTER RECEIVING SUCH EQUIPMENT. BUYER SPECIFI-
CALLY ACKNOWLEDGES THAT SELLER’S PRICE FOR
THE EQUIPMENT IS BASED UPON THE LIMITATIONS OF
LWS’S LIABILITY AS SET FORTH IN THIS CONTRACT.

Warranty Of Repairs After Initial
Two (2) Year Warranty:

A

Upon expiration of the initial two-year warrantyl, garts and
repairs completed by an authorized Lighthouse repahnician
are subject to a six (6) month warranty.

Other than the above, LWS makes no warranty ofiamy,
expressed or implied, except that the products faatwred and
sold by LWS shall be free from defects in materéaig work-
manship and shall conform to LWS'’s specificatidBsyer
assumes all risk and liability resulting from ugetee products
whether used singly or in combination with othesdarcts. If
instrument is modified or in any way altered withthwe explicit
written consent of LWS, then the warranty is naitlavoid.

WARRANTY REPAIRS SHALL BE COMPLETED AT THE
FACTORY, BY AN AUTHORIZED SERVICE LOCATION,
BY AN AUTHORIZED SERVICE TECHNICIAN, OR ON
SITE AT BUYER'S FACILITY BY A LIGHTHOUSE
AUTHORIZED EMPLOYEE. BUYER PAYS FREIGHT TO
FACTORY; SELLER WILL PAY STANDARD RETURN
FREIGHT DURING THE WARRANTY PERIOD. BUYER
MAY SELECT A FASTER METHOD OF SHIPMENT AT ITS
OWN EXPENSE.
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