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1

About this document

1.1  Warnings

Structure of Information Meaning

A WARNING This symbol alerts you to adangerous situation. Failure to avoid the dangerous
Causes (/consequences) situation can result in a fatal or serious injury.

If necessary,consequences of norcompliance
(if applicable)
Corrective action

A\ CAUTION This symbol alerts you to a dangerous situaibn. Failure to avoid this situation
Causes (/conseguences) can result in minor or more serious injuries.

If necessary,consequences of norcompliance
(if applicable)

Corrective action

This symbol alerts you to situations which may result in damage toproperty.
Cause/situation

If necessary,consequences of noncompliance
(if applicable)

Action/ note

1.2

Tablel. Warnings

Symbols on the device

Symbol

Description

The Laser Radiationsymbol is used to alert the user to the danger of exposure to hazardous visible laser radiation
when using the Raman Rxn2 system

The High Voltage symbolthat alerts people to the presence of electric potential large enough to cause injury or
damage. h certain industries, high voltage refers to voltage above a certain threshold. Equipment and conductors tha]
carry high voltage warrant special safety requirements and procedures.

The ETL Listed Mark providesproof of product compliancewith North American safety standards. Authorities Having
Jurisdiction (AHJ) and code officials across the US and Canada accept the ETL Listed Mark as proof of product
compliance to published industry standards.

The WEEE symbobindicates that the product should not be discarded as unsorted waste but must be sent to separate
collection facilities for recovery and recycling.

The CE Markingindicates conformity with health, safety, and environmental protection standards for products sold
within the European economicarea (EEA).

1.3

Table2. Symbols

U.S.export compliance

The policy of Endress+Hauseris strict compliance with U.S. export control laws as detailed in the website of the
Bureau of Industry and Securityat the U.S. Department of Commerce.

Endress+Hauser
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1.4  Glossary

Term Description

AC Alternating current

ALT Alternate

ANSI American National Sandards Institute
ATX Advancedtechnology eXtended

ATEX Atmosphere explosible

AWG American wire gauge

°C Celsius

CAL Calibration

CDRH Center for Devices andRadiological Health
CFR Code offFederal Regulations

cm Centimeter

COLL Collection

CSM Calibration switching module

Csv Commaseparated value

DC Direct current

EMC Electromagnetic compatibility

EO Electro-optical

EPL Equipment protection level

EU EuropeanUnion

EXC Excitation

FC Ferrule connector

GLP Goodlaboratory practice

GMP Goodmanufacturing practice

HCA Ramancalibration accessory

HPLC High performance liquid chromatography
Hz Hertz

IEC International Electrotechnical Commission
INTLK Interlock

IP Internet protocol

IPA Isopropyl alcohol

IR Infrared

IS Intrinsically safe

LED Light emitting diode

LVS Low voltage safety

mm Millimeter

MPE Maximum permissible exposure

MT Mechanical transfer
Endress+Hauser 5
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Term Description

mw Milliwatt

NA Numerical aperture

NAT Network addresstranslation
nm Nanometer

NOHD Nominal ocular hazard distance
OPC OpenPlatform Communications
PAT Processanalytical technology
PCM Power control module

PDF Portable document format

PLC Programmable logic controllers
p/n Part number

QbD Quality by design

RTU Remoteterminal unit

SOP Standard operating procedure
SFC Spectrum

TCP Transmission control protocol
UA Unified architecture

UDP Userdatagram protocol

UPS Uninterruptible power supply
USB Universal serial bus

UsP SIMCAproject file

\Y Volt

W Watt

WEEE Waste Electrical and Electronic Equipment

Table3. Glossary

Endress+Hauser
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2 Basic safety instruction

2.1  Requirements for the personnel

A Installation, commissioning, operation, and maintenance of the measuring system may be carried out only by
specially trained technical personnel.

The technical personnel must be authorized by the plant operator to carry out the specified activities.
The electrical comection may be performed only by an electrical technician.

The technical personnel must have read and understood these Operating Instructions and must follow the
instructions contained therein.

Faults at the measuring point may only be rectified by authaized trained personnel. Repairs not described in
this document must be carried out only directly at the manufacturer's site or by the service organization.

o Do Do P>

2.2  Designated use

The Raman Rxn2analyzer is designed for use in the following applications:

A Chemicalcomposition measurements of solids, liquids, gases, or turbid media in a laboratory oprocess
development environment. The Raman Rxn2 is particularly suitel for use in the following applications:
o Endpoint monitoring of chemical reactions.

Crystallinity monitoring of solid materials .

Critical process parameter monitoring and control in upstream cell culture or fermentation bioprocesses

Molecular structure and composition of plant-basedproteins, dairy solids, and celtbased foods

Small molecule pharmaceutical polymorph identification and monitoring .

O O O O

Use of the device for any purpose other than that described, poses a threat to the safety of people and of the entire
measuring system andis not permitted.

2.3  Electrical safety
As the user, you are responsible for complying with the following safety conditions:

A Installation guidelines.
A Local standards and regulationselectromagnetic compatibility .

A The product has been tested forelectromagnetic compatibility in accordance with the applicable international
standards for industrial applications.

A The electromagnetic compatibility indicated applies only to a product that has beenproperly connected.

2.4  Operational safety

Before commissioning the entire measuring point:

1. Verify that all connections are correct.

2. Ensure that electrical cables andoptical fiber connections are undamaged.

3. Do not operate damaged products, and protect them against unintentiond operation.

4. Label damaged products as defective.

During operation:

1. If faults cannot be rectified: products must be taken out of service and protected against unintentional operation.
2. Keep the door closed when not carrying out service and maintenance wi.

Endress+Hauser 7
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A\ CAUTION
Activities while the analyzer is in operation  introduce risk of exposure to measured materials .
o Follow standard procedures for limiting exposure to chemical or biological materials.

a  Follow workplace policies on personal protective equipment including wearing protective clothing, goggles and
glovesand limiting physical access toanalyzer location.

a  Clean any spills using the appropriatesite policies oncleaning procedures.

A\ CAUTION

Risk of injury from analyzer door stop mechanism

a If the enclosure needs to be open, alwayspen the analyzer door fully to ensure the analyzer door stop engages
properly.

2.5  Lifting provisions for non -cart-mounted Raman Rxn2

The Raman Rxn2 has incorporated a total of four lifting handlesfi two on each side of the base unit.

A\ CAUTION
o  Two people are requied to lift and move the Raman Rxn2 instrument.

The Raman Rxn2 is designed to be lifted and moved by two persons in the horizontal orientation. One person must
be on each side of the base unit, with each person using both provided handles.

A0048439

Figure 1. RamanRxn2 integrated lifting handles

A\ CAUTION
a  Disconnect fiber cables before moving a norcart mounted instrument.

2.6  Product safety

The product is designed to meet stateof-the-art safety requirements, has been tested, andeft the factory in a
condition in which it is safe to operate. The relevant regulations and international standards have been observed.
Devices connected to the analyzer must comply with the applicable safety standardSeelL a s er SBRforet y
additional details.

2.7 Important safeguard

A Do not use the Raman Rxn2 for anything other than its intended use

Do not drape the power cord over counters or on hot surfaces

Do not open the enclosure of the Raman Rxa.

Do not look diredly into the laser beam.

Do not stare or focus a laser in a diffused direction

Do not point a laser at a mirrored surface

Do not leave attached and unused probes uncapped or unblocked

Avoid shiny surfaces and always use a laser beam block.

Probe shutter on the Rxn-10 probe should always be in the OFFposition when probe is not in use

To Do Do To Po Io Io I

Endress+Hauser

(0]



Raman Rxn2 Operating Instructions

2.8  Health and safety considerations

I't is the userds responsibility to understand and comp
based on the installation location of the instrument. Endress+Hausertakes no responsibility for determining the safe
use of the instrument based on this qualification procedure.

The following actions and laser safety precautions must always be observed while using the Raman Rxn2:

A The Raman Rxn2 is eCenter for Devices andRadiological Health (CDRH Class3B device. The user should wear
appropriate eye protection.

A The Raman Rxn2 should only be used in a location with a suitable and stable power supply.

A If aninterl ock is required,all entryways to the room or area housing the Raman Rxn2 analyzemust be fitted
with warning signs on doors into the Class3B area.

2.9  Safety and handling notice

Raman Rxn2 analyzers incorporate &32 nm, 785 nm, or 993 nm laser excitation source. Take the following
precautions when handling the analyzer and probes when the laser iON:

A Turn OFFthe laser power (using the key onthe front of Raman Rxn2) before making fiber connections and
probe inspections.

A If using a Rxn-10 probehead, turn laser output shutter to the OFFposition before the removal or attachment of
optics.

A Do not look directly into the fiber probe output (when the optic is disconnected) or the output (window) of any
probes. Ifa Rxn-10 probehead isfound with no optic or probe attachedd Turn laser output shutter on the Rxn-10
probehead to OFFor the laser power keyon the Raman Rxn2 analyzerto OFF.

@

@»

ON <ﬂ>

Figure 2. Rxn-10 probehead showing the ON and OFEhutter positions

O OFF

0048409

o Handle probes and cables with care. Fiber cables should NOT be kinked and should be routed to maintain
minimum bend radii (~ 6 inches). Permanent damageto the cablesmay result if they are bent beyond the
minimum radius.

2.10 Laser safety

Laser light presents special safety hazards not associated with other light sources. All laser users, and others present,
need to be aware of the special properties and dangers involved in laser radiation. Familiarity with the Raman Rxn2
and the properties of intense laser radiation will aid in the safe operation of the Raman Rxn2. The Raman Rxn2 may
contain an 532 nm, 785 nm, or 993 nm laser. Refer to your system specification information to determine which
laser you have.The combination of intense monochromatic light concentrated in a small area means that, under
certain conditions, exposure to laser light is potentially hazardous. In workplace environments, a laser safety
program provides environmental, training , and safety controls which may reduce the risk of lasefrelated injuries or
workplace damage.For more assistance with taking appropriate precautions and setting he proper controls when
dealing with lasers and their hazards, refer to the most current version of ANSI for Safe Use of Laserg136.1. The
Raman Rxr® analyzer has hardwaresafety controls to reduce the risk of laserbased injuries including an interlock
and a spring-loaded protective cap covering the laser output of the fiber-optic cables.

The beam is routedfrom the rear panel of the instrument via a fiber optic patch-cord. In the unlikely event that the
fiber optic probe cable is removed, the interlock is overridden, and the springloaded protective cap is overridden,

Endress+Hauser 9
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there will be a laserbeam exiting the analyzer unit. This beamhas a beam diameter of 103 um and aNumerical
aperture (NA) of 0.29.

Table 4 provides the fiber core size and mode and the nominal ocular hazard distance equatiofor the case of laser
exiting directly from the analyzer unit.

Base Unit Used Fiber Core Size and Mode ‘ Nominal ocular hazard distance (NOHD) Equation
Rxn2 Standard 103 pm multi -mode (NA =0.29) rnowp=1.7/NA( &/ UMPE)
multimode equation

MPE at 532 nm continuous viewing: 1 x 103 W-cm?
MPE at 785 nm continuous viewing: 1.479 x 103 W-cm?
MPE at 993 nm continuous viewing: 3.854 x 103 W-cm2

a = Maximum Power in Watts (W)

Table4. Lasersafety

Another nominal hazard zone calculation needs to be performed to account for the scenario Wwen the analyzer is
equipped with a probe Depending upon the probe utilized, the beam diameter, numerical aperture of the fiber
optical cable to the probehead and bcusing characteristics of the probehead, the nominal hazard zone calculation
will change depending uponif the potential exposure point is at the tip of the probe or at abroken optical fiber. Refer
to the specifications section in the pertinent Endress+Hauser Raman probeoperating instructions for the appropriate
information to complete the nominal hazard zone calculations pertaining to other exposure points.

A\ CAUTION

a  Laser beams can cause ignition of certain substances such as volatile chemicals. The two podsimechanisms
for ignition are direct heating of the sample to a point causing ignition and the heating of a contaminant (such
as dust) to a critical point leading to ignition of the sample.

A\ WARNING

a  The Raman Rxn2 uses Class 3B laser as defined ilANS| Z136.1. Direct eye contact with the output beam from
the laser will cause severe damage angbossible blindness.

a  Use of controls or adjustments or performance of procedures other than those specified in this manual may
result in hazardous radiation exposure.

For more assistanceon appropriate precautions and setting the proper controls when dealing with lasers and their
hazards, refer to the most current version of ANSI for Safe Use of Lasers Z136.1

2.10.1 Optical safety

The Raman Rxn2is outfitted with a Class3B laser. Lasers at 785 nm and 993 nmpresent further safety concerns
because the radiation is nearly invisible.Always be aware of the initial direction and possible scattering paths of the
laser. The use ofOD3safety glasses ishighly recommended for 532 nm and 785 nm excitation wavelengths and OD4
for a 993 nm excitation wavelength.

A0048421

Figure 3. Lasersafety glasses

2.10.2 Electrical safety

The Raman Rxn2 utilizes AC and DC voltages inside thenclosure. Do not disassemble the laser enclosure as there
are no serviceable parts inside the laser assembly. Only qualified personnel familiar with high voltage electronics
should open the system entosure to perform necessary maintenance or service.

10 Endress+Hauser
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2.10.3 CDRHcompliance

The Raman Rxn2 is designed and built to meet the laser performance requirements of 2Code ofFederal
Regulations (CFR, Chapter |,Subchapter (J) and is registered with the CDRH.

The product report for the Raman Rxn2 can be found under accession number 111012000.

2.10.3.1 Protective housing

The Raman Rxn2 is enclosed in a protective hgsing to prevent human access in excess of the limits of Class |
radiation as specified inU.S. 21 CFR Section 1040.10 (f) (1except for the output, which is Class 3B.

2.10.3.2 Remoteinterlock connector

The Raman Rxn2 is supplied with a remote interlock connector for each channel. This connector allows the operator
to utilize an external interlock circuit in conjunction with Raman Rxn2 operations. Design and function of an external
interlock circuit should meet the capability and intent of the most current revision of the ANSI Z136.1Standard. No
laser radiation for a particular channel is emitted unless both the fiber and remote interlock connectors are
connected.

2.10.3.3 Key control
The Raman Rxn2 utilizes a key control system. The laser radiation will not be accessible until the system key switch
is in the ON position. The key cannot be removed when the switch is in theON position.

2.10.3.4 Compliance labels

The Raman Rxn2 analyzer is certified to comply with theU.S. 21 CFER, Chapter |, Subchapter {@s administered by
the CDRH.

2.10.4 WEEEdirective compliance

The Raman Rxn2 complies with theWaste electrical and electronic equipment (WEEE) Directive 2012/19/EU. The
WEEE Symbol shown below is placed on all WEEEompliant assemblies.

A0048753

Figure 4. WEEEsymbol

If no other means of disposal are availableEndress+Hausero f f er s a O0Take Backo di sposa
participate in the 0T adeeto@anwehsite (hidds:Sepdessacbm/cprtaot §fora kst of
contactsin your area.

2.10.5 Specific conditions of use

1. The fiber optic cable shall be installed so that the minimum bend radius specified by the cable manufacturer is
not exceeded.

2. Where it is necessary to monitor the process level to ensure that the optical beam isot exposed to a potentially
explosive atmosphere, the devices used to monitor the level shall be intrinsically safe or classed as simple
apparatus, or be installed so as to provide a fault tolerance of 2 forEquipment protection level (EPL Ga
equipment or a fault tolerance of 1 for EPL Gb equipment. The functional safety of this arrangement has not
been assessed as part of this certification and it is the responsibility of the installef user to ensure that an
appropriate mechanism is in place.

3. Where Intri nsically safe (IS) galvanic isolators are added to the main enclosure in order to produce IS signals to
external apparatus not covered by this certification, the IS galvanidsolators shall have an ambient working
temperature upper limit of at least 55 °C (131 °F) The IS parameters pertaining to these isolators shall be
conveyed to the user in an appropriate manner. The IS nature of any such circuits has not been assessed as part
of this certification and this certificate is not to be taken as indication that these IS circuits comply with relevant
requirements.

Endress+Hauser 11
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3 Product description

3.1 The Raman Rxn2 analyzer

The Raman Rxn2 analyzerpowered by Kaiser Raman technologyis a for-purpose embedded system with builtin
Raman RunTime control software.Raman spectroscopy provides the chemical specificity of midR spectroscopy and
the sampling simplicity of near-IR spectroscopy By operating in the visible or near-infrared spectral region, Raman
spectroscopy allows vibrational spectra to be collectedh situ, using fiber-coupled probes, without sample purging,
and without the use of speciality sampling devices.There are four possible configurations of the Raman Rxn2
analyzer: single-channel, four-channel, hybrid, and starter. All Raman Rxn2 analyzers emgoy a unigue self
monitoring system to ensure the validity of each analysis. The analyzer is capable of twpoint self-calibration in
extreme environments and utilizes self-diagnostics and spectral correction methods when system calibration is
unnecessary.The analyzer's precision is essential for robust chemometric analyses and calibration transfer between
instruments. The Raman Rxn2 suite of analyzers allow for remote fiberoptic connections to probe sampling points
for installation flexibility. And, all configurations of the Raman Rxn2 analyzerare designed for use with the
Endress+Hauselline of Raman fiber optic probes and optics An ergonomic mobile cart (including built-in probe and
optic storage) is available as an option for all Raman Rxn2 configurions.

3.1.1 The Raman Rxn2 single -channel and four -channel analyzer

The Raman Rxn2 single channehnalyzer offers one fiber-optic sampling probe connector for the accurate
measurement, collection, monitoring, and analysis of a single sampleThe Raman Rxn2 four channel analyzer
provides four fiber -optic sampling probe connectors.Both the Raman Rxn2 sigle-channel and four-channel
analyzers are designed for use in an analytical or process development laboratory for routine sample measurements,
guality assurance, or process development applications in life sciences, chemical and foahd beverage industries.
The four-channel Raman Rxn2was designed for customers who need tsupport process development activities so
that they can monitor multiple vessels. The ability to follow several different reactions at the same timecan quickly
build process knowledge aad simplify technology transfer from a laboratory into a process environment. With the
Raman RunTime software embedded into the analyzer, the Raman Rxn2 singlehannel and four-channel analyzers
meet the needs of both Goodaboratory practice (GLP) and God manufacturing practice (GMP) governed areas
within the pharmaceutical industry for Processanalytical technology (PAT) and Quality by design (QbD) applications.

Raman Rxn2 single channel or four channel analyzers can be configured with a 532 nm, 785 nngr 993 nm
excitation wavelength laser.

3.1.2 The Raman Rxn2 hybrid analyzer

The Raman Rxnzhybrid analyzer is configured with two fiber optic sampling probe connectors: oneRxn-20 probe
channel and oneAlternate (ALT) non-Rxn-20 probe channel. The Raman Rxn2hybrid analyzer isa uniqgue Raman
analyzer because it features the Rxn-208based large volumetric probe and ebackscatteredprobe. These two probe
types enable a variety of applcations for solids, liquids, and turbid media.A backscatteredimmersion probe is the
preferred approach for measuring liquids because of its short focus, optical window, and bubbleshedding design.
The Rxn-20 probe is optimized for large volumetric measurements, enabling focusfree, non-contact representative
measurements of solids or turbid media.Since the Raman Rxnzybrid is equipped with these two probes, this
analyzer provides maximal sampling flexibility for laboratory, quality control, and process development purposes.
With the Raman RunTime software embedded into the analyzer, the Raman RxnRybrid analyzer meets the needs of
both Goodlaboratory practice (GLP and Goodmanufacturing practice (GMP) governedareas within the
pharmaceutical industry for Processanalytical technology (PAT) and Quality by design (QbD) applications.

The Raman Rxnzhybrid analyzer is only available with a 785 nm excitation wavelength laser.

3.1.3 The Raman Rxn2 Starter analyzer

The Raman Rxn2 Starter analyzer isa complete kit comprised of alower-resolution single-channel Raman Rxn2
analyzer and a Rxn10 probehead. While configured for a single probe connector, the Raman Rxn2 Startercan be
configured up to four channels. The Raman Rxn2Starter is designedfor cart-portable or benchtop uses such as
material quality, reaction monitoring, basic science research, quality assurance, and unknowns identificationThe
variety of non-contact or immersion optics compatible with the Rxn-10 probehead provides sampling flexibility to
support a variety of applications.

The Raman Rxn2 Starter analyzer is onlyavailable with a 785 nm excitation wavelength.

12 Endress+Hauser
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3.2 Raman RunTime software overview

Raman RunTime embedded software is the control platform forthe suite of Raman Rxn analyzers. Raman RunTime
software is intended for easy integration with standard multivariate analysis and automation platforms to enable a
real-time, in situ processmonitoring and control solution. Raman RunTime presents an OPC and Modbus interface,
which provides clients with analyzer data as well as analyzer control functions. Raman RunTime is fully embedded
into Raman Rxn analyzers.

The main view of Raman RunTime displays four quadrants for four channel analyzers, one for each probe and a
status bar (bottom) for a quick view of warnings and acquisition status. Single channel analyzers display only one
main channel/probe window, while hybrid analyzers display two channel/probe windows, one for theRxn-20 probe
channel and one for the non-Rxn-20 probe ALT. Batch details are accessed and edited from each corresponding
guadrant/probe window. To switch back and forth between the main view and batch detail views, click theTitle Bar

for each probe/quadrant. Views of current spectrum vs. process values (model results) can also be easily swapped by
clicking on the Quadrant/Probe window display. Additional features, such as system settings, caliration and
diagnostics, are found under the Options section on the lower left corner of the screen.

Component A (%)
Component B (%)

Component C (%)

09:06:54

Stream D
Component A (%)
Component B (%)
Component C (%)

L Options >

ﬁ A0048754

Raman Analyzer

Figure5.Ra ma n R u mdin vieve id & Raman Rxrfour channel analyzer

a  Whenthe RamanRxR2anal yzer 6s main power s wON,prébesshoudbé shudterad ork e y
covered, orremain immersed in the sample to be measured.

NOTICE

a  SeeOp er at B fmrmmore information about working with the Raman RunTime software.
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3.3  Product design

3.3.1 Front panel

On the front panel of the instrument are the standard user interfaces. These include the mainON/OFF power switch,
the laser ON/OFF key switch, Light emitting diode (LED) indicators, and aUniversal serial bus (USB 3.0 port.

-
-
-
-
.-
-

A0048683

Figure 6. Front panel of a Raman RxnZour channel analyze

# |Name

Description

Laser Key Switch

The laser key switch turns the laser on and off. TheRed LED indicator adjacent to the laser
key switch indicates the laser power status. To activate turn the key to theON position.

2 | Main Power Switch

The main power switch turns the instrument on and off, which includes the laser regardless
of the position of the laser key switch. ThePower push button incorporates aBlue LED in
the shape of a power symbol, which indicates the system power status. ThEower push
button will communicate error conditions using blink codes when embedded software is not
able to communicate them.

To turn the instrument on, press and release thePower button once. To turn a responsive
instrument off, shut down using Raman RunTime. If the instrument is unresponsive, it may
be powered down using a long 10 second press and hold of thBower button.

3 |USB 3.0 Port

The USB 3.0 port is intended to obtain diagnostic exports from the instrument using a USB
flash drive.

4 | Probe Connection Status
Indicators

The bank of Yellow LED indicators between the laser key and USB 3.0 port indicatthe
physical connection status of the probes. While the Raman Rxn2 four channel analyzer front
panel has four LED indicators, the front panel of the Raman Rxnybrid analyzer has only
two LED indicators, and the front panel of the Raman Rxn2 single channkanalyzer has only
one LED indicator.
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Table5. Front panel of Raman Rxn2
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3.3.2 Rearpanel

On the rear panel of the instrument are standard Input/output (I/O) ports. These include touchscreen, USB, ethernet,
serial, and videoports.

-

® ®)
1 — 0 :

TOUCHSCREEN DISPLAY

2 — o\w/o 5

AUX

RS-485

0] [0

3
NETWORK 1 NETWORK 2
& D)
Figure 7. Rear external circuit input/output panel of a Raman Rxn embedded analyzer
# |Name Description
1 |Touchscreen USB Port USB 3.0 port used toconnect to the touchscreen
2 | USB Port (Auxiliary) USB 3.0backup port. Reserved for future use.
3 | Ethernet Port (2) Ethernet ports for the network connection.
4 | Touchscreen Video Port | Touchscreen videgport for connection to local touchscreen display (if needed)
5 |RS485 Serial Port RS 485 serial port, half-duplex. Provides automation data via ModbusRemoteterminal

unit (RTU. Port settings configurable in Raman RunTime.

Table6. Raman Rxn2 ports
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3.3.3 Baseunit rear panel 0 single channel and four channel analyzers
All normal system Input/ output (I/O) is located at the rear of the base unit. This includes:

A EO fiber conrector/ electrical connections for up to four remotely installed probes for the four channel Raman
Rxn2 analyzer (single channel analyzers have only one probe connection). The electrical connection contained
within the fiber optic is an intrinsically safe in terlock loop which will turn off the laser in case of fiber breakage.

A Four remote interlock connections for the four channel Raman Rxn2 analyzer (only one for the single channel
configuration), each intrinsically safe and in series with the fiber breakage detection loops described in previous
bullet.

A Two TCP/IP Ethernet ports for OPC and Modbus automation as well as remote control.

A One serial R$485 port for Modbus automation.

A One Mini Display Port for local display (if needed).

A Two USB3.0 Type A ports, one for local touchscreen (if needed) and one reserved for future use.
A AC power inlet, C13 plug required.SeeSpeci f i ati ons ~

A\ CAUTION

o  Care must be taken to make the bend radii of fiber optic cable breakouts as large as possible (minimum &f
inches) with NO kinks.

3.3.4 Baseunitrear panel & hybrid analyzers
All normal system 1/O is located at the rear of Raman Rxnhybrid analyzers. This includes:

A Fiber optic connectord electrical connection for one remotely installed Rxn-20 probe. The electrical connection
contained within the fiber optic is an intrinsically safe interlock loop which wil | turn off the laser for the Rxn-20
probe in case of fiber breakageAll connections are protected by a cover secured to the rear panel with two
socket head cap screws.

A EO fiber connector electrical connection for one remotely installed ALT probe. Theelectrical connection
contained within the fiber optic is an intrinsically safe interlock loop which will turn off the laser for the
alternate probe in case of fiber breakage.

A Two remote interlock connections for the Rxn-20 and ALT probes, each intrinsically safe and in series with the
fiber breakage detection loops described in previous bullets.

A Two TCP/IP Ethernet ports for OPC and Modbus automation as well as remote control.

A One serial R$485 port for Modbus automation.

A One Mini Display Port for local display (if needed).

A Two USB3.0 Type A ports, one for local touchscreen (if needed) and one reserved for future use.

A AC power inlet, C13 plug required.SeeSpeci f i &ati ons -

A\ CAUTION

a  Care mustbe taken to make the bend radii of fiber optic cable breakouts as large as possible with NO kinks.

3.4  Probe Connectors
The probes are connected to the base unit at the connection panel located on the rear of the base unit.

For single channel or four channelRaman Rxn2 configurations, as well as the Alternate (ALT) probe channel of the
Raman Rxn2hybrid configuration, each channel employs a single robust Electreoptical (EO) connector which
contains excitation and collection fiber-optics as well as an electrial laser interlock loop. The interlock contained
within the probe fiber optic is a low voltage and current loop designed to detect fiber cable breakage and will turn
laser emission off for that channel in the event of a break. Ensure latch is engaged afteinserting EO fiber connector.

For the Rxn-20 channel of the Raman Rxnzhybrid instrument, the main fiber optic bundle is furcated into three FC
fiber optic connectors and one electrical interlock loop connector. The FC fiber optic connections are used faser
excitation, Raman scatter collection, and autecalibration. The interlock loop contained within the probe fiber -optic is
a low voltage and current loop designed to detect fiber cable breakage and will turn laser emission off for th&kxn-20
probe in the event of breakage.
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4 Incoming product a cceptance and identification

4.1 Incoming acceptance
1. Verify that the packaging is undamaged. Notify the supplier of any damage to the packaging. Keep the damaged
packaging until the issue has been resolved.

2. Verify that the contents are undamaged. Notify the supplier of any damage to the delivery contents. Keep the
damaged goods until the issue has been resolved.

Check that the delivery is complete and nothing is missing. Compare the shipping documents with your order

4. Pack the product for storage and transportation in such a way that it is protected against impact and moisture.
The original packaging offers the best protection. Make sure to comply with the permitted ambient conditions.

If you have any questions, please contact your supplier or your locaales center.
Incorrect transportation can damage the analyzer
a  Always use a lifting truck or a forklift to transport the analyzer.

4.1.1 Nameplate
The nameplatelocated on the rear of the analyzer provides the following information about your device:

Manufacturer ContactInformation
Laser Radiation Notice
Electric Shock Notice
Model Number

Serial Number
Wavelength

Maximum Power

Build Month

Build Year

Patent Information
Cettification Information

To To Do To Po To Io Do Do o o

Compare the information on the nameplate with the order.

4.1.2 Identifying the produc t
The order code and serial number of your product can be found in the following locations:

A On the nameplate.
A Inthe delivery papers

4.1.3 Manufacturer address

Endress+Hauser
371 Parkland Plaza
Ann Arbor, MI 48103 USA
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4.2  Scope of delivery
The scope of delivery comprises:

Raman Rxn2analyzer in the configuration ordered
A Raman Rxn2 Operating Instructions
A Raman Rxn2 Certificate of Product Performance
A Localdeclarations of conformity, if applicable
A Certificates for hazardous zone use, if aplicable
A Raman Rxn2 gtional accessories if applicable
If

you have any queries please contact your supplier or local sales center.

18
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5 Installation

5.1  Site requirements

The base unit enclosure contains all functional componentsof the analyzer. The enclosure is designed for orientation
in either the vertical tower position or the horizontal desktop position. The air flow through the base unit draws air

in from the front of the unit and exhausts at the rear of the unit. To limit inlet air obstruction, at least 15.5 cm (6
inches) of clearance must be maintained at the front of the unit. To limit exhaust air obstruction, the rear of the base
unit must have 15.5 cm (6 inches) of clearance to the nearest obstruction.

5.1.1 Electrical power

The supply voltage is recommended to be regulated and free of voltage spikes. It is recommended, but not required,
that an Uninterruptible power supply (UPS) be used with the instrument.

For a Raman Rx2 analyzer, the location selected must have four (4) wltage power outlets, one (1) for each of the
following:

A Base unit
A Touchscreen monitor.
A Optional power meter or the Ramancalibration accessory (HCA)

Alternatively, these components may be plugged into a power strip on one (1) outlet.

5.1.2 Location

The Raman Rxn2 analyzer can be located on a level surface such as a laboratory benchtop or an equipment cart. In
addition, the location selected should be:

A Free of moisture, dust, and corrosive vapors
A Isolated from excess vibrations
A Protected from direct sunlight.

5.1.3 Ventilation

The location selected should allow for adequate ventilation to both the front and rearof the base unit. A space of no
less than 6 inches (152.4 mm) must be provided in both the front and rear of the base unit for proper inlet and outlet
air movement.

5.1.4 Temperature

The Raman Rxn2 base unit andouchscreen monitor are designed to operate within a temperature range of 15°Cto
30 °C(59 °F t086 °F). In any installation case, care must be taken to keep the instrument inlet air and surroundingair
within this temperature range.

5.1.5 Relative humidity

The Raman Rxn2 base unit andouchscreen monitor are designed to operate within an ambient relative humidity
range of 20 % to 80 %, non-condensing.

Endress+Hauser 19
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5.2 Initial hardware setup

5.2.1 Installation of Raman Rxn2 analyzer

Endress+Hauser requires in some cases, that installation and initial analyzer setup be performednly by trained
service professionals from Endress+Hauser or its affiliatecchannel partners. The section provides only a basic
overview of the analyzer setupprocess, and does nofacilitate a full onsite installation or IQ/OQ. For IQ/OQ, t is
required that a trained representative from Endress+Hauseror one of its authorized distributors be present for both
initial inspection and installation of the Raman Rxn2analyzer. Prior to the installation, prepare the site per the
requirements in Section 5.1.

5.2.2 Connecting the touchscreen monitor

1. Connect a touchscreen monitor to theDisplay and Touchscreen USB ports on the back of the instrument.

0 A0048440

Figure 8. Touchscreen display connections

5.2.2.1 For single-channel, four -channel, and Starter analyzers

Raman Rxn2 singlechannel, four-channel, Starter, and hybrid (ALT channel only) analyzers utilize aunique fiber-

optic connector with integrated electrical laser interlock loop. The EO fiber connector on the Raman Rxn2 analyzer is
referred tosasdetbhe dhheheEiOod i ber connector on the prebe fib
si ded ¢ dhe m&ranent device-side connector uses an integrated springloaded cap that will protect the

internal fibers from contamination.

To connect a probe:

1. Remove cover from probe fiber cableside connector.

—

=) @

Figure 9. Electro-optical fiber connection cover

A0048441

2. Clean fiber tips of cableside connector prior to installation if cleanliness of fiber tips is unknown.

o First use a lens wipe very lightly saturated with a solvent, such as reagent grade@etone or 100 % Isopropyl
alcohol (IPA) followed by a final clean with a 1.25 mm fiber cleaning tool. Do not use the same wipe for both
fiber tips.

o0 Swipe the fiber tip once with the damp portion of the wipe, then swipe once more with a dry portion of the
same wipe. Repeat for both fiber tips.

A0048442

Figure 10. Cleaningelectro-optical fiber connection
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3.

5.

Next, use an IBC 1.25 mm ferrule cleaner with the bulkhead adapter attached to do a final clean of the center of
the ferrule where the fiber resides. Press together until a click is heard and repeat once.

A0048443

Figure 11. Final clean of electreoptical fiber connector fiber tips

Release latch and open springoaded cap on the Raman Rxn2nalyzer device side connector.Insert cable-side
connector into instrument device-side connector fully and engage latch to secureThe connectors are polarized
and can only be inserted one wayThe slotted head screws on the face of botltonnectors should be facing out.

A0048444

Figure 12. Connecting anelectro-optical fiber cableto a Raman RxnZour channel analyzer

Repeat for each probe.

A\ CAUTION

o]

Unused probesthat are attached to the Raman Rxn2 analyzershould ALWAYS be capped to prevent stray
ambient light from entering the probe. Stray ambient light, whether from an uncapped probe or through
incomplete light shielding of the sample, may produce undesirable spectral interferences and result incalibration
failure or inaccuracy.

A WARNING

o]

6.

Probesattached to the Raman Rxn2 analyzeshould always be cappedr pointed away from people toward a
diffuse target if not installed in a sample chamber.

For each EO fiber cable, restrairihe probe EO fiber optic cable using the strain relief located at the rear of the
instrument.

A\ CAUTION

o]

When installing the probe in situ, the user must provide strain relief to the EO fiber optic cable at the probe
installation location.
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5.2.2.2 For hybrid analyzers

The ALT channel utilizes an EO cable with an integrated electrical laser interlock loop, and the process @bnnecting
the ALT channel is described inthe previous sectionThe Rxn-20 channel of the Raman Rxnzhybrid analyzer has
four connections points: fiber electrical interlock, excitation, collection, and calibration. The excitation and
calibration connections utilize FC style fiber connectors, while the collection connection utilizes aechanical
transfer (MT) style fiber connector. A remote interlock connector is also provided for theRxn-20 channel and is
located adjacent to the fiber electrical interlock connection. TheRxn-20 excitation, collection, and calibration fibers
are fragile, and care must be taken to properly route and estrain the fibers using the following procedures.

To connect a probe to theRxn-20 channel:

1. Remove the RxrRxn-20 plastic cover by unscrewing the two socket head cap screws using the 7/6#. ball driver
included with the instrument. This will reveal the individual connectors for the Rxn-20 channel.

5 —— ©
= =
)
(RS
% G
\
@ e
@ [ ‘ﬂi ; o ) AD048445

Figure 13. Rxn-20 channel cover on rear oRaman Rxnzhybrid analyzer and connectordor Rxn-20 channel

2. On the cableside connectors, clean ONLY the excitation and calibration fiber tips prior to installation if
cleanliness of these fiber tips is unknown.

o First use a lens wipe very lightly saturated with a solvent, such as reagent grade acetone or 10% IPA
followed by a final clean with a 2.5 mm fiber cleaning tool. Do not use the same wipe for both fiber tips.
o Swipe the fiber tip once with the damp portion of the wipe, then swipe once more with a dry portion of the
same wipe.Repeat for both fiber tips.
3. Employ the two strain reliefs on the rear of Raman Rxn2hybrid analyzer (using the 7/64 in. ball driver) to secure
the fiber cable assembly.

A0048446

Figure 14. Employing strain reliefs to secure the fiber assemblyor the Rxn-20 channel

4. Remove the threaded cap from theCalibration (CAL) port.
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5. Connect the clean calibration fiber to the CAL pot, aligning the key on the fiber connector with the notch on the
CAL portconnector. The fiber should be routed in a helical pattern as shown below to avoid kinks.

A0048446

Figure 15. Properconnection and routing of the calibration fiber

6. Remove the rubber cap from the MT style collection fiber conector. Lift and hold the cover of the Collection
(COLD port as the fiber is connected. Align the white dot on the MT style fiber connector with the white mark on
the COLL port and insert the fiber connector until it clicks into place. The fiber should beouted in a helical
pattern as shown below to avoid kinks.

oM
O =
Conectios L pgrennx |

A0049253
A0049254

Figure 16. Properconnection and routing of the collection fiber

7. Remove the excitation fiber clamp by loosening the clamp screw with a 3/32in. ball driver (provided with
analyzer) and sliding it out of the way.

8. Remove the threaded cap from theExcitation (EXQ port.

A0049255
A0049256

Figure 17. Properremoval of the excitation fiber clamp and threaded cap fronthe excitation port
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9. Connect the clean excitation fiber to the EXC porbn the connection panel, aligning the key on the fiber connector
with the notch on the EXC port connector. The fiber should be routed in a helical pattern to avoid kiks.

A0048456

Figure 18. Properconnection and routing of the excitation fiber

10. Reinstall the excitation fiber safety clamp using a 3/32 in. ball driver.

11. Connect the fiber electrical interlock connector to thelnterlock (INTLK) port. Route cable behind fiber
connections.

A0048613

Figure 19. Properconnection of interlock connector and fiber routing

12. Replace theRxn20 plastic cover, ensuring that no fibers are caught between the coer and connection panel
flange. Replace and tighten the two socket head cap screws to hold cover in place using a 7/64. ball driver.

ALT CONMECTIONS

o aar connecrions © }
D N 7D
a Alaala :
é’ é\ ‘é&

)

o * (5
© OO

A0048716
Figure 20. Before andafter reattaching the Rxn-20 channel d over

A\ CAUTION

a  Unused probesthat are attached to the Raman Rxn2 analyzershould ALWAYS be capped to prevent stray
ambient light from entering the probe. Stray ambient light, whether from an uncapped probe or through
incomplete light shielding of the sample, may produce undesirable spectral interferences and result incalibration
failure or inaccuracy.

A\ WARNING

o The beam emerging from theRxn-20 probe is hazardousto the eye. Always secure the probe so that it is pointing
safely away from anypersonnel. Never handle the probe freely when it is operational.
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5.2.3 Powering up the Raman Rxn2

Press and release thePower button and turn the laser key switch to the ON position. The Power button will blink
once per second until Raman RunTime launches. The Laser Enable LED will illuminaked and the power switch will
illuminate a solid Blue.

NOTICE

o SeeFront Panel” for more information about the the Power button.

5.2.4 Powering down the Raman Rxn 2 system

There are two ways to properly power down the Raman Rxn2 analyzer. One of these two methods should always be
used to power down the instrument unless it is unresponsive.

1. In RamanRunTime embedded software, navigate toOptions > System > General. Click Shut Down. The
analyzer will power down after about 5 seconds.

General

10T-Analyzer

Restart...

Shut down..

A A0048756

Figure 21. Steps to shut down thedevice viaRamanRunTime

OR

1. Press and holdthe push button power switch until it starts to blink (2 seconds). Release the push button. A
power down message is sent to Raman RunTime, and it will begin power down activities. The instrument will
power down after about 5 seconds.

To perform a hard shut down, there are two methods that can be used. These methods shouldnly be used if Raman
RunTime is unresponsive.

1. Press and hold the push button power switch for at least 12 seconds until the instrument powers down. Then
release the button.

NOTICE

o After 2 seconds, the power switch will begin to blink; ignore and continue to hold down power button until
instrument powers down.

2. Unplug the instrument.

NOTICE

a  Seethe Raman RunTimeOperating Instructions (BA02180C) for more information .
5.3 Initial Raman RunTime set up

5.3.1 Raman RunTime network configuration

The table below summarizes the ports relevant to specific features. Ports for OPC Classic are assigned dynamically in
the indicated range; fixed-port behavior is only available for OPC UAIlt is only necessary to open firewall ports for

the features intended to use. Ports in bold should be regarded as mandatory for the associated protocol; other ports
are recommended for full functionality (e.g. discovery services).

Protocol Ports

OPC UA TCP 4840, 4843, 52601, and62886

OPC Classic TCP135 and 49152-65535

Modbus TCP502

File Sharing TCP139 and 445

Remote Access | TCP3594 and 4526 for Secure connection; TCB593, 4525, and 5674 for Standard connection; UDP 3702

Table7. Raman RunTime network configuration
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5.3.2 Initial setup of Raman RunTime

1. Customize the analyzer name inOptions > System > General. For example, Raman Rn2-785 sn0012345. Click
Apply . This step is important becausethe analyzer name is how the system is identified via diagnostic exports.

2. Calibrate the touch screen (if needed)

0 SelectOptions > System > General > Calibrate Touch Screen.

o Followonscreenprompts, A tip for achieving a better
following on screen prompts and touching the requested touch points.

calibration

3. Connect to a network using one of the availableethernet ports. View and cusomize network settings, at Options
> System > Network .

4. Set the date and time either manually or via network connection by specifying the time server address at
Options > System > Date & Time. If setting the date and time manually, first ensure the time zone is set up
correctly before proceeding to other adjustments. This step is also importanbecausespectral acquisition and

resul

ti

ng files and OPC tags are managed

by the systembd

5. Specify names for each probe/quadrant(such as Probe ] at Probe Detail view > Settings Tab > Name > Apply.

A CAUTION

o You should allowthe systemto stabilize for a minimum of two hours before proceeding tothe calibration steps.

5.3.3 Initial ¢ alibration and verification

Follow these instructions to calibrate and verify your Raman Rxn2 analyzer for the first time. All calibrations are
required prior to spectral acquisition. Raman RunTime will not allow spectra to be collected without passing internal
and probe calibraions. Passing the verification step is not required but highly recommended.

Navigate to Options > Calibration . The next page shows different calibration window previews for the different
Raman Rxn2 analyzer configurations.

26

Calibration

Internal Calibration Probe Calibration

1| T T

® 2022-06-17 12:35 2022-06-20 09:03 @ 2022-06-17 15:29

_2[@

2022-06-17 12:57 @ 2022-06-17 15:30
B Calibrate Periodically

Calibration Report

Close

Figure 22. Calibration window with quick view buttons for a Raman Rx8 four channel analyzer

A0048757
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Calibration

Internal Calibration Probe Calibration

1 T T

(] 2022-06-20 12:19

2022-06-20 12:21 1 not verified

01h
B Calibrate Periodically

Calibration Report

J Close

Figure 23. Calibration window with quick view buttons for a Raman Rx® single channel analyzer

Calibration

Internal Calibration Probe Calibration

| T T

0 2022-06-17 19:38 § ON 2022-06-19 17:15 (1 not verified

2 T NI
e

2022-06-17 19:52 @ 2022-06-20 16:15

B Calibrate Periodically

Calibration Report

e | e

Close

Figure 24. Calibration window with quick view buttons for a Raman Rx8 hybrid analyzer
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6 Electrical and I/O connection s

6.1  Overview of r ear panel electrical and I/O connections

1
2
3 5
4
6
7

A0048755

Figure 25. Rearpanel of Raman Rx@ four-channel analyzer

# Name

Description

Remotelnterlock Connectors

Safety feature. To interrupt the laser, remove the black plug.

2 EO Fiber Connector

Provides fiber optic laser radiation output, fiber optic Raman collection and electrical
laser interlock loop for each instrument channel. The electrical laser interlock loop is
intrinsically safe and is governed byEndress+Hauserdrawing 4002396.

Match 3 prongs on probe to 3 plugs on EO. Pull latch down to secure probe in place
Laser radiation may NOT exit a channel whose EO fiber connector is removed
because removing the EO connector also interrupts the laser interlock loop for that
channel.

3 Air Exhaust

Air exhaust fan and outlet.

4 CDRH Product Label

Product information about the Raman Rxn2 analyzer.

Analyzer Ports

Touchscreen USB Port, USB Port, Ethernet Ports, R85 Serial Port, and
Touchscreen Video Port.

6 ACInlet 100-240 VAC 50/60 Hz

Power socket outletthat AC power to the base unit. Ground pin on this connector
serves as the Protective Conductor Terminal

7 Strain Relief

EO fiber cable strain relief mounting location.

28

Table8. Port connection
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7 Commissioning

7.1 Automation connection

Raman RunTime providesetwork -connected clients with analyzer data as well as analyzer control functions. OPC
UA is the recommended protocol because it allows transfer of large data (full spectral data and diagnostigsand is a
more reliable connection than OPC Classic. Howevelegacy support for OPC Classic (DCOM, also called OPC DA)
clients is also built-in.

NOTICE

a  The Raman Rxn2 system must be connected to a network for OPC functionality. Network settings can be viewed
and configured in Options > System > Network .

7.1.1 OPCconnectivity
To access the OPC server, all clients must authenticate with the name and password of an authorized user.

A Automation . The built-in user with the name 'kaiser-opc' is always authorized for OPC acces$he password for
'kaiser-opc' is 'opc' by default; this password can be changed und@ptions > System > Automation .

A Security. Additionally, the OPC server can be accessed with user credentials created and managed und@ptions
> System > Security.

A OPC UA (recommended). OPC UA clients access the OPC server using UA's binary protocol to connect to
opc.tcp://I<computer -name>, providing the name and password of an authorized user. The "computer name” can
be viewed or changed undeiOptions > System > Network .

The Basic128Rsal5, Basic256, and Basic256Sha256 algorithm suites are supported for signing and optionally
encrypting OPC communications.

A UA Certificates . The first time that a given UA client connects to a Raman RunTime system, it is necessary for
that client to accept or "trust" the certificate that the OPC server provides to identify itself. The mechanisms for
acceping the server's certificate vary by client.

The OPC server provides a "seffigned" certificate; accordingly, it is common for the client to display a warning
that the server's identity cannot be verified. Such a warning is normal, and the server's cefficate must be
accepted to enable the client to connect.

The OPC server's certificate is tied to the computer name of the Raman RunTime system. Any time the computer
name is changed, a new certificate will be generated automatically, and UA clients will ned to accept the new
certificate before they can connect again.

A OPC Classic (deprecated). Full OPC functionality is available to OPC Classic clients. However, OPC Classic entails
additional set-up requirements, and many opportunities exist for client-side configuration to interfere with
successful communication, often in ways that are challenging to diagnose. Also, the underlying technology of
OPC Classic can limit installation flexibility. For these reasons, it is recommended to use OPC UA instead of OPC
Cassic whenever possible.

A The OPC Classic client program must be executed using credentials that exactly match (name and password) an
authorized user on the Raman RunTime system.

A This implies that a Windows user account must be created on the client worksation with a name matching that
of a Raman RunTime user, and that their passwords must be kept in sync.
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7.1.1.1 Asynchronous OPCupdates

In addition to responding to polling requests from clients, the OPC server is capable of providg asynchronous
updates in which the server notifies clients of changes in the values of subscribed tags without the need for clients to
continually poll the server.

NOTICE

o Many clients will fail to connect unless asynchronous updates are enabled.

To enable aynchronous updates, the 'kaiseropc' user must exist on the client workstation with a password that
matches the Raman RunTime system, regardless of whether the client program accesses the server using the 'kaiser
opc' user credentials.

NOTICE

a If the 'kaiser-opc password is changed undeOptions > System > Automation , the Raman RunTime system
must be restarted underOptions > System > General for the new password to take effect.

o Client workstations must reside in the same TCP/IP subnet as the analyzer, with no intervening Networlkaddress
translation (NAT).

7.1.2 Modbus connectivity

The Raman Rxn2 provides automation data via Modbus TCP (Ethernet) or Modbus RTU (RIB5 serial). If models are
running on the instrument, the prediction values available over Modbus may be configured atOptions > System >
Automation > Modbus . In addition to prediction values, other instrument diagnostic values are available over
Modbus.

NOTICE

a  SeeRaman RunTime Automation Modbus (p/n 400529%8) to view the current Modbus Map for Raman RunTime
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7.2 Electrical and I/O connections

An 1/O panel is located at the center of the rear panel, whichprovides several extra low voltage, nonintrinsically safe
external circuits:

A Touchscreen. Type A USB3.0 for connection to a local touchscreen displayThis is not required for the
instrument to operate as al/l operation parameter sA ma
touchscreen kit, which includes the interface cable for this connection, is available for purchase from
Endress+Hausemunder p/n 201808 6.

A Display. Mini DisplayPort for video connection to a local touchscreen displayThis is not required for the
instrument to operate as all operation parameters ma)
This port does NOT support DP++; therefore, an active adapter is needed if connecting to a display without native
Display Port. A touchscreen kit, which includes the interface cable for this connection, is available for purchase
from Endress+Hausemunder p/n 201808 6.

A Aux. Type A USB3.0 reserved for future use.

A RS 485. DB9 which provides a halfduplex serial RS485, two-wire plus ground, Modbus RTU automation
interface. Pin 2 is Data +, Pin 3 is Data, Pin 5 is Ground.All other pins are inactive.

Recommended wiring is commercially available shielded, 2 twisted pair, 22American wire gauge (AWG), terminated
with a DB9 receptacle and back shell kit Endress+Hauserecommends Carol C1352A cable, TE Connectivity-5
747905-2 receptacle and 1991253-9 backshell kit. Cable and connector/back shell of equivalent specifications may
be substituted. One pair is used for Data+ and Dataand one of the wires from the second pair is used for groundlt is
not recommended to use the shield as a signal groundNo provision for connecting the shield drain is provided at the
Raman Rxn2.The shield may be connected to earth at the device on the opposite end of the cable attached to the
Raman Rxn2.

A Network 1.10/100/1000 RJ45 Ethernet interface. Provides remote controloption and automation data via OPC
UA, OPC Classic and Modbus TCBse standard Ethernet cabling.

A Network 2.Same asNetwork 1. Both interfaces may be used at the same time.

Remote
Interlock
Electro-Optical Connector
(EO) Fiber
Connection
_ External
Air Exhaust L Circuit /O
Panel
CDRH
Certification AC Inlet 100-
Label 240VAC
50/60 Hz

A0048755

Figure 26. Rear panel on a Raman Rxnfbur channel analyzer

Endress+Hauser 31



Operating Instructions

Raman Rxn2

Remote Interlock

Connector —
(ALT Channel)

Electro-Optical /
(EO) Fiber

Connection
(ALT Channel)

EO Fiber Cable

Strain Relief o e

Location (for \\
ALT channel)

/_&Lmna]r@ng;@@

g
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o
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\

Interlock Connector

|~ (Rxn-20 Channel)

Excitation Port

(Rxn-20 Channel)

Calibration Port

(Rxn+20 Channel)

N
\ Collection Port

(Rxn-20 Channel)

Remote Interlock

Connector

(Rxn-20 Channel)

Fiber Cable

Assembly Strain

Reliefs (for Rxn

20 Channel)

A0048633,

A0048634

Figure27. Rear panel ofRaman Rxr2 hybrid analyzer with Rxn-20 channel housing attached (left) and removed (right)

7.2.1 Power and grounding

The Raman Rxn2 has a standard IEG20 C-14 inlet for power at the rear of the instrument. Any power cord with an
IEG 320 C-13 plug will connect to the base unit. The Raman Rxn2 acceptdC power from 100 d 240V and 50/60 Hz.
For U.S. applications, a power cord is supplied. For nek).S. applications, the user must supply a powecable that

meets local/national standards.

Also included on the rear of the instrument is a functional earth terminal for additional grounding if required.
Primary grounding occurs through the IEC power inlet plug ground terminal which should be connectedo the

building grounding system.

Do not position the Raman Rxn2 in a way that makes it difficult to remove the mains cord. Only use adequately rated

power cables with the Raman Rxn2 system.

32
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7.2.2 Electrical interconnect block diagram 9 single channel Raman Rxn2
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Figure 28. Singlechannel Raman Rxn2
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7.2.3  Electrical interconnect block diagram o four channel Raman Rxn2
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Figure 29. Four channel RamanRxn2
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7.2.4 Electrical interconnect block diagram 8 Raman Rxn2 hybrid
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Figure 30. Raman Rxnzhybrid
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7.2.5 Hazardous area installation drawing

1.S. BARRIER, GM INTERNATIONAL D1032Q

LASER WITH REDUNDANT POWER CONTROL
INCLUDES POWER INTERRUPT ELECTRONICS

LASER SAFETY INTERLOCK
CURRENT LOOP

i BASE UNIT ENCLOSURE
I/ ORANCILLIARY ENCLOSURE

LASER SAFETY INTERLOCK
CURRENT LOOP

WIRE-TO-CONNECTOR TRANSITION PCB - RXN2, 3, 4 ONLY (AS NEEDED)

Li=0pH
Ci=0pF

OPTIONAL FIBER SWITCHING MODULE

LASER SAFETY INTERLOCK
(OPTICALLY PASSIVE)

CURRENT LOOP

LASER DELIVERY FIBER

- ZONE 1 0R 2 AREA (IF USING A KAISER RXN3 UNIT MARKED AS'

SUITABLE FOR ZONE 1)
- ZONE 2 AREA (IF USING RXNS MARKED SUITABLE FOR ZONE 2)

- NON-HAZARDOUS (NON-CLASSIFIED) AREA (IF USING A
BASE UNIT NOT MARKED AS SUITABLE FOR HAZARDOUS

LOCATION)

l\ HYBRID FIBER OPTIC CABLE - PN 2011635

(SYSTEM MAY BE COMPRISED OF MULTIPLE CHANNELS,
EACH WITH ITS OWN CABLE AND INTERLOCK LOOP)

L (cable) = 0.18 yH/ METER
€ (cable) = 139 pF / METER

MAX CABLE LENGTH = 258,920 FEET
CABLE PARAMETERS

FOR U.S. INSTALLATIONS, THE PROBE MODELS RXN-30 (AIRHEAD), RXN-40 (WETHEAD) AND RXN-41 (PILOT) ARE APPROVED FOR

CLASS |, ZONE 0 APPLICATIONS.

CONTROL EQUIPMENT CONNECTED TO THE ASSOCIATED APPARATUS MUST NOT USE OR GENERATE MORE THAN 250 VRMS OR VDC.
INSTALLATION IN CANADA SHOULD BE IN ACCORDANCE WITH THE CANADIAN ELECTRICAL CODE, CSA C22.1, PART 18, APPENDIX J18.
ASSOCIATED APPARATUS MANUFACTURER'S INSTALLATION DRAWING MUST BE FOLLOWED WHEN INSTALLING THIS EQUIPMENT.

INSTALLATION IN THE U.S. SHOULD BE IN ACCORDANCE WITH ANSI/ISA RP12.6 “INSTALLATION OF INTRINSICALLY SAFE SYSTEMS
FOR HAZARDOUS (CLASSIFIED) LOCATIONS™ AND THE NATIONAL ELECTRICAL CODE® (ANSUNFPA 70) SECTIONS 504 AND 505.

WARNING: SUBSTITUTION OF COMPONENTS MAY IMPAIR INTRINSIC SAFETY.

NO REVISION TO DRAWING WITHOUT PRIOR CSA APPROVAL.

NOTES:
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4
5.
6.
7.

o
2
£,
i
N
i

3
3
g
3

Li=0pH
Ci=0pF

\ PROCESS OR SAMPLE TO BE MEASURE!

P

7.2.6 Remote laser interlock connectors

— 5

A0049010

Figure 31. Hazard areainstallation drawing

Adjacent to each instrument probe connector resides a remote interlock connector. This connector allows integrators

to accesstheanalyzebs i ndi vi dual channel interlock circuit, and cor
stop button, door switch, etc., as additional means to stop laser radiation for each channel. This connector is in series

wi th the associ at mectordntedockionp. Bhe output of this coonector is intrinsically safe.

Connection of external devices, including cabling, to this connector are governed by drawing 4002396.

The instrument ships with short i ngntepdckucgnmectornShduld fieldeidngi n eac
be required for an external switch, a remote interlock pigtail may be purchased to facilitate connection to field wiring

using p/n 2018748 (single pigtail) or p/n 2018749 (four pigtails) . Replacement shorting plugs nay be purchased

using p/n 2018429 .

If one emergency switch is required to interrupt all four channels of a four-channel instrument simultaneously, a 4-
pole switch shall be used. The four separate interlock loops are electrically isolated and may NOT be tdogether
electrically. Endress+Hauser recommends IDEC XN1BV404MR for a 4PSTNC emergency stop button switch.

Refer to drawing 3000095 for remote interlock connection details.
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7.3 Interior of the Raman Rxn2
The interior of the Raman Rxn2 with the cover removed is showrbelow. The internal components are common

among all configurations.
Power Control Laser

Module (PCM) Module
_E@:n E==2) ==o =2 M Air Inlet with
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Excitation and L |
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Fiber Optics = I
‘ LaserSerial
é 5 1 Converter
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Controller ‘»‘
=: USBHub
BEE, iilelj A0048711
Figure 32. The interior of the Raman Rxn2analyzer
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Figure 33. Embeddedcontroller lockedin service position
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7.4  Raman Rxn2 hardware components

7.4.1 Laser

The laser used in the Raman Rxn2 is a special version &ndress+Haused €lass 3Blaser. It has a lockable injector
that requires no routine adjustment.

The laser can be turned on and off using the LASER ENBLE switch on the front of the base unit at any time while
the Raman Rxn2 is operating.

7.4.1.1 Laserapertures
Apertures for laser emission are found in the following places on andwithin the Raman Rxn2:

A Probehead

A Connection Panel
A cCalibration Module
A Laser

7.4.1.2 Laser interlock circuit

If a fiber breaks the interlock, the laser output for that channel is disabled. Other channels with intact fiber interlocks
will continue to have the laser available to them.

For laser output to occur on a channel, a probe and remote interlock shorting plugEndress+Hausem/n 2018429,
must be installed to their respective connectors.

Auxiliary interlock laser emission indicators are on the probes. See the specific probe operating instructions for more
information.

7.4.2 Spectrograph

The spectrograph includes the optical elements used to filter out the Rayleigh scatter and focus the Raman scatter
onto the detector. The spectrograph assembly (which includes the detector) in the Raman Rxn2 is contained in a
sealed assembly and has no useserviceable parts.

7.4.3 Calibration switching module

The Calibration switching module (CSM) is a key component of the Raman Rxn2. Using higheliability switches, it
routes the several channels and performs automatic wavelength calibration with a neon source and laser wavelength
calibration with an internal Raman shift standard. It al so contains a software controllable shutter for the laser.

The fluorescent lamp provides a broad spectrum of lines for wavelength calibration across the Raman spectrum. The
neon lamp also is not susceptible to spectral shift with changes in temperature opressure as are calibration
protocols that rely on Raman bands.

The calibration can be performed on the internal neon lamp without reconfiguring the analyzer to accommodate an
external calibration unit. The internal Raman shift standard allows the laser wavelength to be tracked.

Because the calibration light source is internal to the Raman Rxn2, it is susceptible to interference from stray light
entering the connected probes. Prevent stray light from entering any probe connected to the base unit bgovering
the ends of the attached probes.

a SeeCal i br aB® fioranore information on calibrating the Raman Rxn2. Intensity calibration requires

Endress+Haused Raman Calibration Accessory (p/n 2004909501).

7.4.4 Fuses

There are no fuses to replace on the Raman Rxn2. The Raman Rxn2 is powered by a special adapiedanced
technology eXtended(ATX) power supply, which has no external fuses. If a short circuit were to occur inside the
Raman Rxn2 t would be on the DC output side of the power supplyln this event, the power supply would turn itself
off and would require a manual power reset (i.e., removing the plug for five (5) minutes) after the source of the short
circuit was resolved.
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7.4.5 Mobile cart accessory option

An ergonomic mobile cart/trolley is available as an option for all Raman Rxn2 configurations. The Raman Rxn2 with
mobile cart model includes the Raman Rxn2 embedded analyzer, builin probe and optic storage, a routine-analysis
sample compartment, and fiber storage. For connecting main power to the mobile cart, an integrated internationally
approved pigtailed power cord is provided.

The pigtail incorporates a standard IEG320 C-14 inlet to which any standard and locally approved power cord with
an IEG320 C-13 plug may be attached to provide mains power to the cart accessoryLhe mobile cart accepts AC
power from 100 6 240V and 50/60 Hz. Internal to the mobile cart, all mains power is distributed to the Raman Rxn2
base unit, touchscreen monitor and optional Calibration Accessory using an internationally approved power
distribution strip with internationally approved cordage.

For mobile cart options sold within the continental United States, an approved 3.6 meter power cord is provided with
the Mobile Cart for attachment to mains power. For mobile cart options sold outside the continental United States, a
power cord is NOT includedlt is the responsibility of the end user or local distributor to provide a locally approved
power cord for attachment to mains power.

NOTICE

a  See theRaman Rxn New Cart Operating InstructionsBA02175C) for more information .

7.4.6  Airfilter

The Raman Rxn2 incorporates a tacked polyester spun air filter element to reduce dust intake into the base unit. The
air filter is accessed by a magnetically secured access panel on the front of tHastrument. The air filter should be
cleaned with compressed air once every month or if the embedded software is reporting an internal over
temperature error (if ambient temperature is within specification). In extremely dusty conditions, the air filter sh ould
be cleaned more often. The air filter has aBlue tacky side which should be oriented toward the outside of the base
unit.

If a replacement air filter is needed, refer to our website (https://endress.com/contact ) for the list of local sales
channels in your area.

Air Filter
and Inlet

A0048683

Figure 34. Filter access
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8 Operation

8.1 Raman RunTime embedded software

RamanRunTimeis the embedded control software installed on all the Raman RxnZanalyzers. It is intended for easy
integration with standard multivariate analysis and automation plat forms to enable a reattime, in situ process
monitoring and control solution. RamanRunTime presentsan OPC and Modbus interface which provide clients with
analyzer dataas well as analyzer control functions.

Depending on the instrument configuration being used, themain view of RamanRunTime displays four équadrants 6
or windows (one for eachof the four probes for the four channel analyzer), two windows (one for each of the two
probes of the hybrid analyzer), or one window (for the single probe used in the single channelanalyzer). The main
view of Raman RunTime also displays status bar (bottom) for a quick view of warnings and acquisition status.
Details are accessed and edited from each corresponding quadrant.

Stream A Stream B
Component A (%)
Component B (%)
Component C (%)

_09:06:54

Stream C Stream D
Component A (%)
Component B (%)
Component C (%)

Options >
Raman Analyzer
A0048754

Figure 35. Raman RunTime main screen for a Raman Rxn2 four channel analyzer

To switch back and forth between the main view and detail views, simplyclick the Title Bar for each probe/window

as applicable. Views of current spectrum vs. proess values (model results) can also be easily swapped with a click on
the display windows. Additional features, such as system settings, calibration and diagnostics, are found under the
Options section. Raman RunTime is also used as the interface betweeghe Raman Rxn2 analyzer and third party

PAT software suites such as synTQ and SiPAT.

NOTICE

o This section provides details on configuring and using the Raman Rxn2 with Raman RunTime, but it is not
intended to replace the full Raman RunTimeOperating Instructions (BA02180C) or analyzer installation and
training from Endress+Hausermrepresentatives.
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8.2 Calibration s

Raman Rxn2 analyzers have internal calibration standards for spectrograph and laser wavelength. Thisection
assumes the instrument is being setup for the first time and utilizes the Recalibrate All option, which is only required
at initial start -up or when the instrument is moved or serviced.

There are several internal calibration options to choose from:

A Automatic . If the instrument is already calibrated, this will compare the current analyzer response to calibration
specifications and will recalibrate if the spectrograph wavelength or laser wavelength is out of spec. Ithe
analyzer is uncalibrated, this will perform an alignment calibration, followed by a full wavelength calibration and
full laser wavelength calibration.

A Recalibrate X Axis . Forces full wavelength and laser calibrations without first checking whether the analyzer is
within spec.

A Recalibrate All . This will cause the alignment calibration to be repeated prior to performing full spectrograph
wavelength and laser wavelength calibrations. Note that when "Recalibrate All" completes, the intensity
calibrations and verifications of all probes will be invalidated.

Steps for Internal Calibration:
1. Ensure all probes are capped.

2. Click Calibrate under Internal Calibration.
For initial startup, click Recalibrate All from the Calibration Mode drop-down list and click Calibrate .

NOTICE

a  The Recalibrate All option is only required at initial start -up or when the analyzer is moved or serviced.

Calibrate Instrument

Calibration Mode

Recalibrate All

“W

Figure 36. Recalibrate all

A0048760

o For subsequent calibrations, selectAutomatic .
3. SelectCalibrate Periodically and set the frequency.

0 Setting is configurable in one-hour increments.

0 Atleast once per day (1d 00h) is recommended.

Internal Calibration

Calibrate...

(/] 2019-03-01 09:38

¥ Calibrate Periodically

‘A0048761

Figure 37. Periodic calibration setting
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8.2.1 Probe calibration 0 single channel, four channel, or hybrid analyzers

A Calibration accessory (HCA) with an appropriate optic adapter is required for probe calibration of single channel,
four channel, and hybrid (ALT channel only) Raman Rxn2 analyzersFor the Raman optic system for single use, a
single use calibration adapter is also neeéd.

Ensure the HCA calibration has been calibrated within 1 year and has an accompanying Intensity Reference source
spectral file (*.spc).

Probe calibrations can be executed during active experiments, e.g. if a probe needs to be set up while another probe
probe is active. When a probe calibration is triggered, any acquisitions currently in progress will be aborted
automatically, and the calibration will proceed. Upon completion of the calibration, active probes will automatically
resume normal operation.

Steps for probe calibration:

1. Connect the HCA to the first (or only) probe. Use the set screw to hold the probe in place.

‘A0048617

Figure 38. Example of the Rxnl0 probe with a blO Optic connected to the HCA

2. Turn on the HCAand set the switch to Intensity. The intensity indicator on the HCA will blink until the bulb
warm up time is complete (15 minutes). Do not proceed until indicator stops blinking.

For Rxn10 probes, be sure the laser shutter is set t@N (indicator parallel to probe body).
4. Loading the HCA Intensity Reference spectral file (*.spc):

o Attach the USB memory stick that came with the HCA kit to the USB Extension or USB port on the fronf
the analyzer. This is only required for new device setup or when the HCA iserviced or changed.

o For single channel orhybrid (ALT channel) analyzers, clickLoad on the Probe Calibration section of the
screen to browse to the correct Intensity Reference spectral file (*.spc) located on the memory stick. Click
Select File.

o For afour channel analyzer, click Calibrate for the targeted probe, which will result in a pop-up window that
lets the user load the Intensity Reference spectral file as above.

Probe Calibration for Channel 1

Intensity Reference
SN0070001 2019-05-28

Cancel Calibrate
A0048762

Figure 39. Intensity calibration window in Raman RunTime and memory stick provided with the HCA
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5. Click Calibrate to start the calibration process on the selected probe:

o Four Channel Raman Rxn2 System. Make sure the Blue indicator is active on the probe intended for
calibration & cancel and recalibrate if needed. A countdown timer will start.

Calibrating...

Cancel

¢

0048763

Figure 40. Four channel calibration

o Single Channel Raman Rxn2 System. There is noBlue indicator and instead only a countdown timer will
start, indicating probe calibration has begun.

00:41.0

Cancel

A0048764

Figure 41. Singlechannel calibration

0o Raman Rxn2 Hybrid System. Make sure the Blue indicator is on the ALT probe. Cancéand recalibrate if
needed. A countdown timer will start.

Calibrating.

- >

Figure 42. Hybrid calibration

A0048765

6. Repeat the probe calibration for each active probe (if applicable).

NOTICE

o For analyzers with any unusedchannels/probes, the warning indicator will turn Yellow indicating there are
uncalibrated channels. To resolve this erroneous warning, turn off unused probes/channels.

8.2.2 Probe calibration ¢ hybrid (Rxn-20 channel) analyzers

For the Rxn-20 channel on a RamanRxn2 hybrid analyzer, follow the steps below:

1. Connect the appropriate optic (3mm, 6mm) to the Rxn-20 probe.

2. Connect the appropriate extension tube to the optic. The 3mm optic uses the 3. long extension tube, while the
6mm optic uses the 8in. long extension tube.

3. Connect the HCA lamp head to the extension tube. Use the thumb screw to hold the HCA lamp head in place.

A0048619

Figure43. HCA lamp head and extension tube attached t&xn-20 non-contact optic and probe
4. After powering on the HCA, set the switch to Intensity. Let the white light bulb warm up for approximately 15
minutes.

A\ CAUTION

a  For HCAs delivered after approximately 0:Nov-2017, the HCA intensity indicator light will blink until the
halogen bulb warm-up period is complete. Wait to proceed withprobe calibration until the light stops blinking.
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5. Loading the HCA Intensity Reference spectral file (*.spc):

o Attach the USB memory stick that came with the HCA kit to the USB port on the front the analyzer. This is
only required for new device setup or when the HCA is serviced or changed.

o On the probe calibration section of the screenclick Load to browse to the correct htensity Reference
spectral file (*.spc) located on the memory stick. ClickSelect File.

Calibration

Internal Calibration Probe Calibration

1 1l 0 |
Calibrate... " Calibrate... Verify... LLL“
2020-08-27 19:46 Aug-27 19:53 not verified

Calibrate... Verify... &
M cCalibrate Periodically Aug-31 15:10

not verified

Intensity Reference: HCA-SN0000115
\r Calibration Date: 2013-01-17

Figure 44. Calibration window for a Raman Rxrhybrid analyzer

Calibration Report

A0048759

6. Click Calibrate .

Make sure the Blue indicator is on the Rxn-20 probe. Cancel and recalibrate if needed. A countdown timer will
start.

NOTICE

a  For analyzers with any unused channels/probes, the warning indicator will turn Yellow indicating there are
uncalibrated channels. To resolve this erroneous warningturn off unused probes/channels.

8.2.3 Probe verification

For any Raman Rxn2 analyzers (single channel, four channektarter, or hybrid), probe verification will verify the
calibration results using a standard reference sample, such as 706 IPA or cyclohexane.This step is not required to
collect a Raman spectrum, but it is highly recommended.

A\ CAUTION

o Do not use cyclohexane fowerifi cation with any blO-Optic, Rxn-45 and single-use adapters.Bioprocessing
probes such as bl@0ptic, Rxn-45 and single-use adapters, should ONLY use 7% IPA. Only 70 percent by
volume (%v/v) will work. Endress+Hausemrecommends using CiDehol 70 by Decon Lairatories. All other probes
can use cyclohexane.

For bioprocess probes, use a blO Sample Chamber for verification:

1. Connect the blO sample chamber at the white Teflon end to the first probe and fill it about halfway with 70 %
IPA.

2. While holding the attached sample chamber for support (to keep it upright), tilt the probe/optic to a 15 -30°
angle and tap the sample chamber to ensure any bubbles in the 706 IPA rise to the top.

A0048635
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3. Click Verify under the Probe Calibration section and select 70% IPA as the verification standard.

4. Repeat the probe verification for each active probe.

For all other (non-bioprocess) probes use a sample container appropriate for the probe connection:

1. Click Verify under the Probe Calibration section and select cyclohexane or 786 IPA as the verification standard.
2. Repeat the probe verification for each active probe.

How to interact with the probe verification results:

1. Access theSpectrum Viewer button to display the current verification spectra and allow for addition of previous
spectra.

2. Click Spectrum Viewer to view the current verification spectrum.

Calibration

@ 2022-06-19 09:55:35 & Analyze Verification Channel 4
Selected Spectra |

ik 2022-06-19 09:55:35 €N - ‘

2022-06-17 14:34:20 S)

Export Add

500 1000 1500 2000 2500 3000

A0048779

Figure 46. Probe verification spectrum viewer

3. Click the spectr offhé@ windova(diek tha Datetaiddime af he spectrum which appears in
Blue). Click Add to include previous spectra on the plot.
4. Spectra can also be exported as *.spc files (to a USB memory stick) from this view.

5. Additionally, the symbols under the Calibrate and Verify buttons can be clicked for details about the recent
calibration/verification.

Calibration

3 Intensity Calibration: Passed
Internal Calibration

Time: February 20, 2017 19:34.01
Calibrate...

A Probe 1:

Vv (source spectral file: 130117A1_Rxa785 spe)

E
§
g

M Calbrate Penodically

E
&
8
y

Calibration Report

View... Save...

Close
. A0048780

Figure 47. Probecalibration details

6. Click Export to save the verification spectrum to an external USB memory stick that can be inserted in auxiliary
USB ports on the front and rear of the device. A network connected drive can also be used for *.spc file export.
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8.2.4 Calibration and verification reports

1. On the lower left of the screen underCalibration Report , click View to see the calibration and verification
report. A summary of the internal calibration report appears at the top of the screen.

Calibration Report Endress+Hauser

Instrument Name Raman Analyzer
Model Rxn 785

Serial Number 123456789
Channel 1:
Channel 2: Stream B
Channel 3: Stream C
Channel 4: Stream D

Stream A

Channel Intensity Verification

! siam NA
2 N/A
3
4

N/A N/A
Internal Calibration
PASSED
2022-06.20 1218

Alignment

Wavelenoth PASSED .

A0048782

Figure 48. Calibration and verification report

The full calibration and verification report can be viewed on screen by clicking theBlack Arrow above theClose

Click Close at the bottom of the report window to exit.

Click Saveto save the full calibration and verification report locally as a *.pdf file (to a USB memory stick). The
calibration report can also be accessed remotely via network Raman RunTime connection or viaRQ.

2.
button to scroll down.

4.

8.3 Data collection

There are several collection modalities available in Raman RunTime including Manual, Continuous, Periodic, Focus,
and Snapshot.

Exposure Length and Count (sometimes referred to as accumulations) need to be spiéied for each collection option,
except FocusFocus may be used to determine exposure length.

A Exposure Length. How long the laser will be exposed to the sample
A Count. The number of times the exposure will be repeated for a single spectrum

The goal of determining an appropriate length and count combination is to maximize the signal-to-noise ratio within
the time allotted for sampling without overexposing the detector.

A Ideal detector saturation is between 40% 8 70 %.
A Avoid detector saturation below 10 % and above 80%.
8.3.1 Notes about data collection with Raman RunTime
A Batch settings for Collection Mode and Exposure Settings are remembered. This makes it very easy to start a new
batch that is like the previous.
A ltis not necessary to use the same collectio mode for each probe. Collection mode differences and how they
affect sampling sequence are further described in corresponding sections below.
A Active batches can be paused or stopped at any time using the corresponding buttons.
o Pausing a batch can be use to not disturb the sample/spectrum while interrupting the experiment, such as
exposing a reactor to room light or extracting a sample.
It is best to pause at the start of a new sample since the current spectrum/sample will terminate.
When collection is paused or stopped, Raman RunTime will automatically proceed to the next probe in
sequence (or wait until the next periodic acquisition for another probe). Stopping acquisition of a Raman
RunTime batch means the same experiment cannot be restarted new spedra will need to be stored under a
new Obatchdé name and collection of spectra. | f there
experiment, be sure to pause rather than stop the acquisition process.
A Exposure settings can also be changed during aactive experiment. It is not necessary to pause to change
exposure settings. New settings will take effect on the next sample acquisition.
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8.3.2 Dark exposures

Dark exposures are used to reduce noise in spé&ra by accounting for the noise arising from the detector. For
example, 532 nm and 785 nm detectors naturally have low noise, so dark exposure requirements for these systems
are minimal and mostly automatic. However, 993 nm detectors have intrinsically high noise levels and require extra
dark exposure attention.

Dark handling for Raman Rxn2532 nm and 785 nm analyzers:

A There is only one user initiated dark setting for 532 nm and 785 nm systems, locatedby clicking Advanced

under Exposure Settings .

Exposure Settings

Figure 49. Exposure settings

A0048784

A Leave theForce New Dark check box deselected which shoul be the default setting for 532 nm and 785 nm

systems.
]

Advanced Settings
| Force New Dark

Figure 50. Force new dark

A0048785

Selectingthe Force New Dark checkbox will collect and apply a new dark every time a spectrum is collected.
Therefore, this is not recommended for most applications since it will double the collection interval time.

A Dark exposures are automatically collected at the beginning of acquisitioa whenever an Exposure or Count
setting has been changed.

0 There is an exception if a dark exposure has already been collected and stored for the same Length and
Count setting, e.g. for another probe or during a previous experiment. Then the system will us¢he stored
dark.

0 To expire an old dark and force a new one at any length and count interval, select th&orce New Dark check
box for at least one interval, then turn it off.

A If a dark exposure is needed when acquiring in continuous or periodic mode, one ilv be collected at the start of
the first acquisition and used for all subsequent spectra.

o0 This will cause the first spectral collection interval to take double the time of subsequent intervals.

0 The status indicator specifies when a dark exposure is actie and how long is remaining.

11:51.0
Dark
2017-05-25 14:45:13 -
Figure 51. Dark exposure

o]

It is best to collect a dark after the system has stabilized for about 2 hours after start up. To collect a dark to be
stored and used repeatedly, such as forautine exposure settings, allow the analyzer and laser to remain on for 2
hours prior to dark collection if the laser has been turned off. If the analyzer has been relocated, then it should
stablize for at least one day with the laser on before collectinga new dark. Note that this is not applicable to
moving short distances on a Raman Rxn2 cart.

Dark handling for Raman Rxn2993 nm single channel and four channel analyzers:

A 0n993 nm systems, dark exposures are collected automatically at the end of every acquisition.
A The number of dark exposures collected at the end of each acquisition is determined by the Dark Exposures

setting under the Advanced button.
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Typically, dark subtraction is effective at mitigating the non -sample contributions in the measurement due to
"dark current" when the Dark Exposures setting is approximately one half the count setting.

In processing the final spectrum, the "trailing" dark exposures taken after thesample is measured are combined
with "leading" dark exposures taken before the sample is measured.

Typically, the trailing dark exposures from one acquisition are used as the leading dark exposures for the next
acquisition. This significantly reduces the time needed to collect the requisite number of dark exposures for a
given acquisition.

Alternatively, new leading dark exposures are collected at the beginning of every acquisition if any of the
following conditions are met:

0 The length setting has changed $nce the most recent dark collection.

o0 The most recent dark collection completed more than 10 minutes prior.

o0 The Force New Dark option is selected under thédvanced button.

Due to the conditional nature of leading dark collection, there is the potential for inconsistent acquisition times,
especially on the first acquisition after starting a new experiment or rebooting the instrument, or generally when
using periodic or manual collection. Selecting the Force New Dark option can be used to achiegensistent
acquisition times, when doing so is more beneficial than minimizing acquisition time.

8.3.3 Focus mode

Focus mode is used to position probes (typically nofcontact optics) or determine appropriate collection settings for a
given sample or process. No spectra are saved from Focus mo@efocus spectra are for visual evaluation only.

a  For the Rxn-20 probe with the Raman Rxnhybrid analyzer, be sure to use the appropriate extension tube for the

48

Rxn-20 optic to help in locating the sample to the focal plane.
Position probe to sample and clickFocus under the probe details view.
A Suggested Exposure will be displayed. The example below shows 1.3s3.0s for a sample of 70% IPA.

Stream A

Jun-19 09:13
/i

n/a
(0/5) 2409

N> | = |

Collection Mode

Exposure Settings

o
l Acquisition ‘ Analysis Settings
‘ Options >
Raman Analyzer
0048787

Figure52. Focus modexample

MovetheDetalbar to the o0sl owd position to increase the focus
features may not be obvious with the o0fasto focus setti

The current signal vs. max signal is displayed so that the currenprobe/sample positioning can be compared to
the max observed signal. The current signal will change with repositioning of the probe/sample.

Reposition the probe or sample to achieve the best focus/signato-noise.
Click Resetto reset the remembered max sgnal.
Click Stop to exit focus mode.
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8.3.4 Snapshot mode

Snapshot mode is similar to Focus, in that no spectra are saved. Snapshot is intended for quick acquisitions to
measure laser power, try out different length and count settings for a sample, or more commonly to quickly assess
spectral quality either visually or by applying a model.

EE Stream A

® 2022-06-20 09:06:54 & Analyze @ snapshot...

02.0s

Length
1
» Adv |

@ Acquire

Options >
5
A0048788

Figure 53. Snapshot mode and options

1. To access Snapshot mode, click anywhere within the spectral plot from one of the probe detail views. The spectra
overlay plot/Snapshot view will appear.
2. Select an exposure length and count, then clickAcquire :
0 The snapshot spectrum will be overlaid with the most recent spectrum if an experiment is already in
progress, such as shown below.
o It will not be stored with the current batch data; a snapshot spectum is for onscreen tests only.

3. Spectra from previous batches/experiments can be overlaid with the snapshot spectrum by clicking the spectrum
name (the Blue date and time appearing in the top right header). Then clickAdd and browse to select the
reference spectra:

o Multiple spectra can be added to the overlay, but only a single spectrum is distinguished as the "principal"
spectrum by displaying it in Blue and listing its name in the header.

o When a new snapshot is collected, it automatically becomes principl, so is shown in blue. The spectrum is
principal and can be changed by selecting/highlighting it in the spectrum list.

o This listis viewable by clickingPrimary File Name (located at the top, to the left of Analyze button) to
display the Selected Spectra drop-down list.

4. Additionally, a model can be applied by clickingAnalyze and selecting a model. Ad hoc analysis only applies to
the principal spectrum.

Stream C
)| 2019-09-27 12:00:05 & Anayze @ sapstio
N = =
‘
2 v 1 ry

‘A0048788

Figure 54. Analyze function in snapshot mode

It is recommended to use Snapshot mode foin situ verification of starting materials, especially for long
experiments like bioprocesses. Using this method, verification spectra can be collected quickly without needing
to adjust batch exposure settings. Tcexit the spectra overlay view, click anywhere on the quadrant name or click
Exit in the upper left of the display window.

@ 2022-06-20 09:06:54 & Analyze

Figure 55. Exit button to exit the spectra overlay

A0048789
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8.3.5 Manual mode

Use the Manual collection mode to acquire spectra that are triggered manually byclicking Acquire . A
batch/experiment name can be specified to group manual samples together for spectra storage and sample names
can be specified for eactspectrum.

1. First create a new name by clickingdit > New from the Probe Detail view d the example screen shown at right
shows the manual -behehSammkeesaso6oOff

Acquisition Batch

Stream A Batch 2

Jun-19 09:13
n/a
2409

Collection Mode

® Periodic 60m 00s
O Manual 3 Acquire | +

Exposure Settings

Figure 56. Manuacollect mode options

A0048790

2. Set theCollection mode toManual .

3. ClickPlay. The Acquisition Batch will show o0ln Progresso

clicking Acquire in a later step below).

4. Use theUp or Down arrows to adjust Exposure Settings set the Exposure $ings, both length and manual
collect mode options count.

|!‘ 04.0s |A‘

A0048798,
A0048799

Figure 57. Exposure settings as described with length and count boxes

5. If a custom sample name is desired, click the- option next to Acquire to enter a sample name, such as the
Sample 1 example shown here:

Enter Manual Acquisition Name

[CIMN Sample 1

A0048800

Figure 58. Keyboard that pops up to rename the sample

6. Click Acquire to collect a spectrum.

o To collect another spectrum, specify a new sample name (if desired), change Exposure Settings as needed,
then click Acquire again.

o Or click the Stop symbol to end the sequence of manual samples stored together.
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8.3.6 Continuous mode

A

o Bo o o Po Do o I

4.

Continuous collection mode cycles through each active probe as quickly as possible. It is recommended for
method development when collecting frequent reference samples, and for monitoring and controling when
models are active.

Continuous mode includes a buffered acquisition option.

Buffered acquisition provides a way to receive updated spectra and model values more frequently, without
sacrificing accuracy or repeatability.

The buffered acquisitions setting specifies the number of consegtive acquisition cycles to combine in each
reported spectrum by adding together the individual acquisition spectra.

The spectrum and model values are updated at the end of each acquisition cycle.
Only the combined spectrum is reported, the individual acqisition spectra are not.
Active models operate on the combined spectrum, not on the individual acquisitions.

Setting buffered acquisitions to a value of 1 (the default) effectively disables the feature, resulting in
conventional acquisition in which each gpectrum is independent of previous spectra.

To configure buffered acquisition that achieves the same total target collection time as nonbuffered acquisition,
reduce the count setting and increase the buffered acquisitions setting, keeping their product tle same. For
example:

o If exposure settings of 10s x 60 with 1 buffered acquisition are used, spectra and process values will update
only at the end of the full spectrum collection cycle, approximately every 10 minutes.

0 Butif settings of 10s x 6 with 10 buffered acquisitions are used, then spectra and process values will update
approximately every 1 minute.

o Each reported spectrum will still include 10 minutes of total acquisition time, because each update adds
together the ten most recent acquisitions of 10sx 6.

For applications requiring long collection intervals, buffered acquisition is not recommended when more than
one probe is active.

0 As collection alternates among multiple probes, combining consecutive acquisitions on a given probe runs
the risk of including outdated process spectra if other active probes have long intervals.

To set up a continuous batch, first create a batch undeEdit > New and specify a new batch name.
Set the collection mode toContinuous .
Set the exposure and buffersettings desired.

Collection Mode

O Continuous

@® Periodic

® Manual A Acquire | +

Exposure Settings

04.5s Advanced...
A0048903

Figure 59. Collection mode details for continuous mode

Repeat for all active probes and clicklay in the desired probe sequence.

o Pausing, stopping, adding new batches, rebooting, etc. could affectie probe sampling sequence in
continuous mode. If cycle order matters, periodic mode is recommended.
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8.3.7 Periodic mode

Periodic collection mode acquires spectra at specified intervals and is typically used during method development to
allow spectra to sync with samples being drawn from reactors or other timed process events. Buffered acquisitions
are not an option in periodic mode.

A In the example shown here, periodic acquisition is scheduled for 60 min.

A The batch details show when the next acquisition is due and how many counts (spectra) have been collected for
the current batch.

A I'f spectral acquisition is active in periodic mode, the
1. To set up a periodic batch, first create a batch undeEdit > New and specify a new name.
2. Set the collection mode toPeriodic.

Collection Mode

® Continuous

O Periodic 60m 00s

® Manual ) Acquire | +

Exposure Settings

Figure 60. Periodic mode batch details

A0049194

3. Set the exposure settings and acquisition period.
4. Repeat for all active probes and clickPlay in the desired probe cycle order (1, 2, 3,4 or 1, 3, 2, 4, etc.).
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8.4  Using models

Raman RunTime supports executing models generated iSIMCA® Gartorius), GRA MS  TH@r&o Kisher
Scientific), PEAXACT & Pac), Un s ¢ r aGaibd Aealyfes, An Aspen Technologies Compan), Solo
(Eigenvector), and Data Library. These multivariate models are typically based on inline Raman spectra correlated to
off-line analytical measurements and can beused to turn raw spectra into meaningful process values in real time.
Model results can be viewed onscreen as well as communicated via OPC and Modbus.

Raman RunTime supports the following model file versions:

SIMCA® version 13, 14, 15, 16, and 17

GRAMSIE versions 9.3 and previous
PEAXACT version 4, 55.4,5.6, and 5.7

UnscramblerE version 11

Solo/PLS_Toolboxversion 8.9 and 9.0

4.1  Recommendation for model and process value names in Raman RunTime

Model titles and Y vari abl e Rordime) shoudbdahanged ia the fiahrhodetss 6
to reflect the desired display hames and OPC tags.

A ltis wise to include units (g/L, mM, etc.) in the Process Variable name, since model outputsRaman RunTime do
not automatically display units.

A For OPC commuitation it is very important to use a consistent naming scheme, because each time a Model Title
or Assay name is changed, the OPC tags will change accordingly (and need to be reconfigured for OPC
communication).

A The Data Library can be used to ensure constent Process Value naming. ContacEndress+Hauserfor more
information on Data Library.

A Avoid using periods and commas in Model Titles and Assay names.

A Special characters (e.g. & %) work with some OPC configurations, but should always be tested and rensalvfrom
Model/ Process Value names as needed.

A There can be multiple models per Process Value type. This allows for easy prediction comparisons during model
development/ validation phases, and the use of multiple Process Value models per batch, faxample Gluc M1,
Gluc M2 or VCD Day 16, VCD Day 714.

o 00 Bo Bo o Do I

8.4.2 Loading models

1. Save the desired project files from the modeling package to a USB memory stick and connect it to the USB port on
the front of the Raman Rxn2. Alternately, models @an be loaded from a network connected folder.

2. SelectOptions > System > Analysis > Add Model and browse to the appropriate model file. Repeat for
additional files.

3. The file name(s) will appear in the Analysis window. Select a file name to turn model comporents and properties
on/off. Repeat for additional files.

4. Return to the main view and go to the details section for one probe.
Press theAnalysis tab in the lower left and enable the model file(s) on or off. Repeat for additional probes.

Analysis

orr @D o1
orr @D o1
ES on

o QD on

A0049195

Figure 61. Analysis screen to select mode
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8.4.3 Viewing model results

1. From the main view during active experiments, process values will automatically be displayed instead of the

current spectra.
Calibration

® 2022-06-19 09:55:35 & Analyze Verification Channel 4

45k

SATURATION
laok

500 1000 1500 2000 2500 3000

A0049196

Figure 62. View of spectrum for probe 1

2. To view the most recent spectrum instead of process values from the main viewglick the quadrant display.

o Forhybrid analyzers, the current spectrum and process values are both automatically displayed, there is no
need to click the window to change views.

o For single channel analyzers, there is no quadrant view. Process values will be displayed under the Analigs

tab.
o Model results will update each time a new spectrum is complete, or after each buffer cycle in continuous
mode.
o If models are not active foraprobédb at ch, t hen ONo Analysisdé wiclickedappear

Stream A Stream B

Component A (%)
Component B (%)
Component C (%)

no analysis

‘un 09:06:54 mu 10:24:03

Stream C Stream D
Component A (%)
Component B (%)

Component C (%)

no analysis

mn 10:24:13 —]uu 09:23:19

A0049197

Figure 63. Resultsfor a Rxn2 four channel analyzemwith models active for probe 1 andprobe 4
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To access additional model result information (which is the only way to view model results for single channel
analyzers):

1. From a probe details vew, click the Analysis tab.

2. Use theExpand and Collapse buttons to show more or less model details.

Stream A Stream A

Models Models Glucose (g/L)
DModX 57.24
02PLS Class O2PLS Class
DModXCombined s58.79
Bioprocess Demo Data_PLS2- Bioprocess Demo Data_PLS2-
BANAT BT DModXCrit 119
MixtureP] MixturePT o.00
0.00
Bioprocess Demo Data_OPLS- Bioprocess Demo Data_OPLS-
DA_V17 DA_v17 28231
PLS-DA PLS-DA 10.53
Euc CF mbc snva sgid21 Euc CF mbc snva sgld21 15.19
GAreg 16ts out BF GAreg 16ts out 8F S
TScares-1 1.7a
MixturePLS MixturePLS . 1290
Acetone Surrogate 6 RMDSp6 fcatane Surregate 6 RMDSDE Il Tecores
Method “ Method TECeres. L)
TScores-4 777
Bioprocess Demo Data_PCA- Bioprocess Demo Data_PCA-
Class_v2_v16 Class_v2_v16 TScoresCount 4.00
Generic RunTime Test Model Generic RunTime Test Model | Glutamate (mM)
Cell Culture RunTime Demo Cell Culture RunTime Dema DModx 45.56
Model Hodel
DMeaXCombined 59.99 -
o or

A0049241
A0049242

Figure 64. Probe details view of model process values anmioperties

3. Click Trends to enter the trend viewer.
4. Select aPrincipal Trend and, if desired, a Comparison Trend .

Ci Stream C

ePrincipal Trend: Batches: ®Comparison Trend:
@ Bio HT - Glucese (giL) ~  Stream C Batch ~  BioHT - Lactate (g/L) ~
0

1430 1acd0 1450 sa0 1510 1520
jon 17,2022
Options » 8
A0049198

Figure 65. Model results in the trend view

8.4.4  Saving model results

Stored model results are included in exported batch data andre also available via OPC if Client connections are
established.
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8.5 Data transfer

Raman RunTime offers two ways to transfer or export spectral batch data in *.spc format. One method is manually
and locally exporting on to a USB memorystick. The second is automatically (once configured) exporting *.spc files
over the local network.

8.5.1 Batch data export

Spectra (*.spc format) and model results (*.csv format) for collected batches can be exported locally from the Raman
Rxn2 onto a USB Memory Stick.

1. Connect a USB memory stick to the USB port on the front of the Raman Rxn2.

2. From the probe detail view, click Edit, check the batches to export, thenclick Copy.

3. Browseto the USB memory stick and desired folder, anctlick Select Folder.

NOTICE

o Two *.csv files (processvalues.csv and allproperties.csv) containing model results will also be included in the
export, ONLY if models were active and predicting during collection.

8.5.1.1 SPCfile network export

If the Raman Rxn2 is connected to a networkSpectrum (SPQ files are automatically published in network-accessible
folders. A common file share is available on the Raman Rxn2 at\ <computer-name> DataLibraryBatchExport This
directory contains distinct subfolders corresponding to each acquisition batch:

1. Batch folder names are of the formProbe <#>_ <batch>_<YYYYmmdtHHmmss> where <#> is the instrument
collection channel, <batch>is a userspecified batch name, and<YYYYmmdeHHmmss>encodes the date and
time the batch was started.

2. Spectrum file names are ¢ the form <batch>_<YYYYmmdeHHmmss> which encodes the time the individual
acquisition completed.

8.5.2 Remote access

Remote Access permits the Raman RunTime user interface to be accessed using a desktop web browser from a

remote workstati on, that meets the following requirements:

A Google Chrome and Microsoft Edge are supportedeb browsers.

A Network connectivity between the instrument and the remote workstation.

There are two ways toaccess the Raman RunTime user interfaceemotely:

A Standard. Navigate to http://<IPaddress>:3593 or http://< hostname>:3593 in a qualifying web browser to use
Standard remote access.

A Secure. Navigate to https://<hostname>:3594 in a qualifying web browser to useSecure emote access.The
client must be able to resolvethe analyzer hostname for secure connectionsRaman RunTime employs a
dynamically generated self-signed TLSserver certificate in support of encryption. Clients must accept and trust
this certificate to successfully communicate with Raman RunTime.

The IP Address andhostname of the analyzer can be viewedand configured under Options > System > Network .

When first connecting through secure remote accessclients may be presented with a privacy warning This warning
is expectedbecausethe analyzerd self-signed certificate is not trusted by default. The remote client can bypass the
warning to access the analyzer by following the steps shared below.

To eliminate the certificate warning from a particular remote workstation, trust can be granted to the analyzer by
adding its certificate to the O0Trusted Root Certification
this follow.

NOTICE

a  When Security within Raman RunTime is enabled, an attempt to access Standard remote access will
automatically be redirected to the Secure remote access URL.

a A new TLSserver certificate will be generated each time thea n a | yhostnariess changed.
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8.5.3 Status indicator

The circular Status button in the center of the main screen has three modes:Green, Yellow, and Red. When the
status indicator is Green with an OK in the center, it means there are no detectable problems.

AA0049199

Figure 66. Green Okstatus indicator

When the status indicator turns Yellow with a flashing warning in the center, it means there is a caution. Click the
Yellow status indicator for an explanation for the warning.

® Analyzer Status

@ Intensity Calibration: Probe 4 does not have a valid Intensity

Calibration.

@ Intensity Calibration: Probe 3 does not have a valid Intensity
Calibration.

@ Intensity Calibration: Probe 2 does not have a valid Intensity
Calibration

A0049200
A0049201

Figure 67. Explanation for why system hasissued ayellow warning

NOTICE

o For analyzers with any unused channels/probes, the warning indicator will turn Yellow indicating there are
uncalibrated channels. To resolve this erroneous warning, unused channels can birned off.

When the status indicator turns Redwith an Error in the center, it signifies a more serious problem that needs
immediate attention. Click the Red status indicator for an explanation of the error. The error message will disappear
automatically once the problem is resolved.

Analyzer Status

Stream C Detector Saturation (signal strength): 93 is too high. This
should not be greater than 80, and must never be greater than 90

A0049202
A0049203

Figure 68. Explanation for why system hasissued a red error
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8.6 Automation connection

Raman RunTime provides networkconnected clients with analyzer data as well as analyzer control functions. OPC

UA is the recommended protocol because it allows transfer of large data (full spectral data and diagnostics in this

case) and is a more reliableconnection than OPC Classic. However, legacy support for OPC Classic (DCOM, also called
OPC DA) clients is also buiHin.

NOTICE

o The system must be connected to a network for OPC functionality. Network settings can be viewed and
configured in Options > System > Network .

8.6.1 Basic OPCconnectivity
To access the OPC server, all clients must authenticate with the name and password of an authorized user.

The built-in user with the name 'kaiser-opc' is always authorized for OPC access. The password for 'kaisgpc' is ‘opc'
by default; this password can be changed undeOptions > System > Automation .

The OPC server can be accessed with user credentials cted and managed underOptions > System > Security.

A OPC UA Recommended). OPC UA clients access the OPC server using UA's binary protocol to connect to
opc.tcp://<computer-name>, providing the name and password of an authorized user. The "computer name" can
be viewed or changed undeiOptions > System > Network .

A UA Certificates. The first time that a given UA client connects to a Raman Rxn2 system, it is necessary for that
client to accept or "trust" the certificate that the OPGserver provides to identify itself. The mechanisms for
accepting the server's certificate vary by client.

The OPC server provides a "seffigned" certificate; accordingly, it is common for the client to display a warning
that the server's identity cannot be verified. Such a warning is normal, and the server's certificate must be
accepted to enable the client to connect.

The OPC server's certificate is tied to the computer name of the Raman RunTime system. Any time the computer
name is changed, a new certiftate will be generated automatically, and UA clients will need to accept the new
certificate before they can connect again.

A OPC Classic (Deprecated).Full OPC functionality is available to OPC Classic clients. However, OPC Classic entails
additional set-up requirements, and many opportunities exist for client-side configuration to interfere with
successful communication, often in ways that are challenging to diagnose. Also, the underlying technology of
OPC Classic can limit installation flexibility. For these reasons, it is recommended to use OPC UA instead of OPC
Classic whenever possible.

The OPC Classic client program must be executed using credentials that exactly match (name and password) an
authorized user on the Raman Rxn2 systemThis implies that a Windows user account must be created on the
client workstation with a name matching a Raman Rxn2 user, and that their passwords must be kept in sync.

8.6.2 Asynchronous OPCupdates

In addition to responding to polling requests from clients, the OPC server is cagble of providing asynchronous
updates in which the server notifies clients of changes in the values of subscribed tags without the need for clients to
continually poll the server. Note that many clients will fail to connect unless asynchronous updates aresnabled.

To enable asynchronous updates, the 'kaiseppc' user must exist on the client workstation with a password that
matches the Raman Rxn2 system, regardless of whether the client program westhe 'kaiser-opc' user credentials.

NOTICE

a If the 'kaiser-opc'password is changed undeOptions > System > Automation , the Raman Rxn2 system must be
restarted under Options > System > General for the new password to take effect.

a  Client workstations must reside in the same TCP/IP subnet as the instrument, with no intevening NAT.

8.6.3 Modbus

The Raman Rxn2 provides automation data via Modbus TCP (Ethernet) or Modbus RTU (RIB5 serial). If models are
running on the instrument, the prediction values may be configured at Options > System > Automation > Modbus .
In addition to prediction values, other instrument diagnostic values are available over Modbus.
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8.7  Software security

Security can be enabled to block norauthorized users from performing Raman RunTime functons. By default,
security is set toOFF.

1. To turn security settings on browse toOptions > System > Security .
2. Move the Security setting to ON and selectOK for the Administrator password notice.

3. Enter a password for the Administrator user and then verify the password in the second password stepBe sure
to record the Administrator password. It is required to turn on/off security and create new users.

Security

~
6% Security o QD) on

B SYSTEM ADMINISTRATOR.
&)

Set Password for System Administrator

Change Password... a

users PRIVILEGE LEVEL Enter New Password [

At TestOperator Operator

TestUser
ﬁi‘é

+ - Change Password...

A0049212
A0049213

Figure 69. Setting up security

4. Once the Administrator password is verified, the system security will switch toON.

NOTICE

o The Administrator password can be provided to all users, or multiple uses with different access levels can be
added.

5. ClickNew to add a new user.
6. Create and verifythenew user ds password.

7. Specify thePrivilege Level for the user by selectingUser, Operator, or Administrator from the drop-down list.
See below for privilege level definitions. Once security i©ON, access to restricted functionality will require the
name and password of an authorized user.

8. To lock the system immediately after enabling security, clickLock System Now.

9. ClickOKwhen the Lock System? confirmation message appears, and the®K again when the System locked
message appears.

Upon returning to the main Raman RunTime quadrant/probe window view, aBlue lock symbol will appear over

restricted features. On this main Raman RunTime view, note that the system can also be lockdal clicking Lock
in the lower left corner next to the Raman analyzer name.

NOTICE

o When the security feature within Raman RunTime is enabled, the system will automatically lock itself after 15
minutes of inactivity.

Security Stream A

% ¢ orr @D on

User

Operator o ———— ]
Admin Ovaratr

-------

Ll + - Change Password..

A004921 4
A0049215

Figure 70. Securitysettings, adding users, andrestricted access
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8.7.1 User privilege levels

The Raman Rxn2 analyzer with Raman RunTime presents a customized embedded spectroscopic platfothat is not
compatible with installation of third -party software or customer reconfiguration beyond that which is available
through the Raman RunTime user interface.

The customized embedded nature of the Raman Rxn2 presents a nestandard attack surface.Ra man Run T-i
purpose operational profile eliminates risky user behaviors and network accessibility is limited to instrument core
services. The Raman Rxn2 employs password protection (detailed below) of instrument functionality and only
authenticated updates digitally signed byEndress+Hausercan be applied. Furthermore, there is no facility for

running non -Endresssoftware, and any system modifications are automatically purged upon restart.

Security can be enabled to block norauthorized users from performing Raman RunTime functions. Security is set to
OFFby default. There are three user privilege levelsUser, Operator , and Admin . The User level is the most basic,
followed by Operator with more privileges, and then Admin which can perform all actions. These privileges are

detailed below:

User Level

Action

User

A Change subject (channel) display hame

A View summary and detail of active batch acquisitions
A View calibration of information

A View diagnostics

A Perform exports (Basic, Diagnostic, Full)

Operator

User level actions plus:

A View active batch acquisitions

Perform calibration and view calibration information
Perform verification and view verification results
Start/stop batch acquisitions

Focus

Snapshot

Ad hoc analysis

Change system display name

Configure date and time

Restart

D> > D> > D> D> D> D

Admin

No Restrictions

Operator level restrictions plus:

A Add/remove models

A Configure models (display name, enable/disable componentsand properties)
A Configure network

A Configure Openplatform communications (OPC)

A Change security settingsand manage users

A Apply embedded software updates
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8.7.2 Password management and issues

It is a common best practice to routinely change user passwords. In order to do so, an assigned user with varying
privilege levels canclick Change Password in the bottom left corner of the login keyboard screen. Raman RunTime
system administrators can also change their passwords in the same way.

Enter TestUser's Password Enter System Administrator's Password

Password (] Password (-]

Change Password... Cancel

A0049216

Figure 71. Enter user password screen and enter system administrator password screen A0049217

To recover a lost or forgotten password for an assigned user, a user will have to contact their Raman RunTime system
administrator to help reset their password. The system administrator will be able to do so by navigating toOptions >
System > Security, then by logging into their system administrator account on this screen. From here, they can

select one of the individual assigned users and seled€hange Password at the bottom of the screen. Note than from
this screends Change Paslwfoord trlegqquesder,ds tolwd | pasowor d,

Furthermore, if the Raman RunTime system administrator forgets their own password, they can select thé Forgot
icon in the top right corner of their system administrator password entry screen.

After doing so, they will be provided with a code and will be instructed to contactEndress+HauserSupportand share
this code. In response, they will receive a reset code to enter at their prompted screen. They can then select
Authenticate and proceed to set thér new password on the screen that follows:

Reset Password for System Administrator

[ENTER RESET CODE (]

Share the following code with Endress+Hauser
Support:

Then, enter the reset code provided above. K

Cancel
A0049243

Figure 72. Password recovery screen for a Raman RunTime system administrator

8.7.3  Additional security features

In addition to creating users for password protection of system functionality, the Raman RunTime system has
additional security features to protect against unauthorized usage, such as:

Customized embedded system presents nostandard attack surface.

For-purpose operational profile eliminates risky user behaviors.

Network accessibility limited to analyzer core services.

Only authenticated updates digitally signed byEndress+Hausercan be applied.

No facility for running non -Endresssoftware.

To o To Do Do

Unauthorized system modifications are automatically purged upon reboot.
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8.7.4 Export

An Export file is necessary to restore the instrument, if necessary. A file can be saved to the instrument, networked
remote computer or to a flash drive. Go toOptions > Diagnostics > Export .

System Diagnostics

no analysis

[ ] e

Export

A0049218
A0049219

Figure 73. Steps to export a file

If the user chooses to create an export file by clickindNew, they have a choice betweerBasic, Diagnostic , and Full.
Click Export to create the file.

Export Data

© Basic

@ Diagnostic

@® Full

Note: performing an export will delete
any previous export.

Export Cancel

A0049220

Figure 74. Menu received to export new file

The Basic button contains the configuration and calibration information, while the Diagnostic button provides logs
to assist in troubleshooting with Endress+Hauser The Full button contains all comprehensive acquisition and
analysis information in addition to information available in Basic and Diagnostic sections.

If chosen, the Save option either lets you save the created export file to a USB flash drive or download it to the
network computer accessing the embedded RunTime software.

System Diagnostics

Raman Analyzer (20191125-1812).zip
D scoms

B

Export

‘A0049219
‘A0049221

| Do you want to open or save Raman Analyzer (20190924-0913).zip from 10.139.70.617 Open Save T Cancel

Figure 75. Stepsto save export file

8.7.5 Client system requirements

A Google Chrome or Microsoft Edge (for remote access)
A OPC UA clientsoftware (for OPC interface)

A OPC Classic client software (for OPC interface)

A Modbus client software (for Modbus interface)
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9 Diagnostics and troubleshooting

9.1 Diagnostics

System diagnostics can be viewed fronOptions > Diagnostics > Environment tab. The pur pose of t he
Diagnostics section is for the user to view system environment data, trend historical environment data, and to save

an export file to perform a system restore, if necessary. Regular system exportshould be done to ensure the system
configurations and calibrations are backed up for future use.

o System exports are intended forEndress+HauserSupportto investigate problems or restore analyzers. The
contents are subject to change with new RunTime vesions and should not be treated as user accessible files.

o Full exports can be very large. A Full export is recommended for regular archival of system info and logs and is
required for a system restore.

Stream B

Stream A System Diagnostics

Raman Analyzer (20191125-1812).zip
660 MB

Stream C Stream D

analysis no analysis

Calibration...

Diagnostics...
System...
Options Environment

Raman Analyzer

Export Data

@® Diagnostic

@® Full

Note: performing an export will delete
any previous export.

l Export l Cancel J

A0049218
A0049219
A0049220

Figure 76. Steps toreach environmenttab and exporttab
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9.1.1 Trends

1. To view system diagnostics, go tdptions > Diagnostics from the main Raman RunTime menu. This will bring
you to the Environment tab within the Systems Diagnostics dialog box where you can see system data.

System Diagnostics

System Environment
€SM Diamond Heater Temperature 63.8
Detector Temperature 488
External Temperature 2.9
Intemal Temperature 4.3
Laser Coaler Current 0.4
Laser Cooler Voltage 0.9
Laser Diode Current 0.8
Laser Diode Temperature(C) 15.0
Laser Diode Voltage 2.4
Laser Enclosure Temperature(C) 2.8
Laser Heat Sink Temperature(C) 22.8
Laser Power 333.8

Environment

Close
A0049222

Figure 77. Environment tab to view system data

2. Todisplay Trends of diagnostic valuesclick the Trends tab. Within the Trends tab, users can access the Principal
Trend, History, or Comparison Trend as shown below.

System Diagnostics

System Diagnostics

@ Principal Trend: History: @ Comparison Trend: Hl @ Principal Trend: History: ® Comparison Trend:

[ ~ | | 8 Hours - J <none> - * || 8 Hours - J <none
] CSM Diamond Heater Temperature
] Detector Temperature
B ; :
1 External Temperature
,' [ Internal Temperature O
1 Laser Cooler Current
] Laser Cooler Voltage
nf v Laser Diode Current It
B B e e e o B S A s e B A B e o e e
12 Nov 18:00  19:00 20:00 21:00 22:00 23:00 13 Nov 00:00 01:00 Laser Diode Temperature(C) —1:00 22:00 23:00 13 Nov 00:00 01:00
Laser Diode Voltage
Environment Trends 1 ; i P
1 aser Fnclosiire Temnerature(C) 4
Close 0049223
|| — 0049224
Figure 78. Choices with thetrends tab
System Diagnostics System Diagnostics
o Principal Trend: History: o Comparison Trend: @ Principal Trend: History: © Comparison Trend:
Detector Temperature ~ | 8 Hours ~ | Extemal Temperature v
‘Laser Power - I 10 Days - I <none> -
8 Hours
30
1 Day = v <none>
20 3 Days
10 Days 1 CSM Diamond Heater Temperature
0 m,
Detector Temperature
. |
m_ External Temperature
o]
Internal Temperature
] Laser Coaler Current
30
m’ Laser Cooler Voltage
40 T (R T T L ]
4Nov  SNov  GNov  7Nev 8Nov 9NV 10 |acer piode Current
50
01:00 02:00 03:00 04:00 05:00 06:00 07:00 08:00
2 Laser Diode Temperature(C)
| aser Dinde Voltane
‘ Cloae A0049225
| — A0049226

Figure 79. More choices with the trendstab
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9.1.2 Diagnostic exports

It is an Endress+Hauseradvised best practice to export user/spectral data, custom settings and configurations
frequently. A full system Export is also recommended to be generated and saved onto external media periodically.
This should be considered for inclusion in the local de Sandard operating procedure (SOP).

NOTICE

o A Full level Export file is required to fully restore the system (including settings, configuration, models, and data)
to an earlier state, if necessary.

On the system interface, go toOptions > Diagnostics > Export tab. To create a new export file,click New. The user
can opt between Basic, Diagnostic, and Full exportLlick Export to create the file.

System Diagnostics Export Data

Raman Analyzer (20220620-0814).rex

O Basic

@ Diagnostic

@ Full

Note: performing an export will delete any
previous export.

Close Cancel Export A0049227
A0049220

Figure 80. Steps tocreate a new export file

NOTICE

o  While the last generated export file is saved onto the onboard analyzer storage, it is only saved there until a
newer export file is generated which overwrites the old one. As such, the generated export files should be
periodically backed up onto a USB drive for bdaip and restore purposes.

The Basic option contains the configuration and calibration information, while the Diagnostic option provides logs to
assist in troubleshooting with Endress+Hauser The Full option contains all comprehensive acquisition and analys
information in addition to information available in the Basic and Diagnostic options.

Stream A 2 Stream B System Diagnostics
Raman Analyzer (20200922-1928).rex
G 54568
G mo L

Stream C = Stream D

no analysis

A0049218
A0049227

After creating a new export, it will be saved and held on the onboard analyzer storage until overwritten by a newly
created one. The Save option on the same screen allows you to either save the created export file to a USB drive or
download it to the network computer accessing the remote interface of the Raman RunTime software.

To perform a diagnostic export:

1. Navigate to the Options > Diagnostics > Export tab. Click New.
Insert a USB flash drive into the USB port on the front of the Raman Rxnanalyzer.
3. SelectBasic, Diagnostic, or Full (descriptions are shown on screen).

Full exports are usually very large in file size. A Full export is recommended for regular archival of system
information and logs. A Full export may be requested when workingwith Endress+HauserSupport.

4. Once the export archive has been generated;lick Saveto save the created export file to a USB drive or download
it to the network computer accessing the remote interface of the Raman RunTime software.
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9.2 Warnings and errors

When the system is fully calibrated and operating as expected, theStatus button in the middle of the main view
status bar will read OK and appearGreen.

[ o )

@ Raman Analyzer

N—
(0 0 © O

A0049244

Figure 82. Statusbar

Symbol | Description

immediate action may not be necessary. Click the&Status button to view details of the warning. The most common
warning occurs when all the channels are not occupied. The button will pulsecontinuously until the problem is
resolved.

Click the Status button to view details about the warning.

If a system warning is encountered, the display will change toYellow . Warnings should be acknowledged but

performance.

O If a system error is encountered, the display will change toRed. An error requires immediate action to restore system
Click the Status button to view details about the error.

Table10. Warning and errors

In some cases, users may choose not to utilize all available channels on a Raman Rxn2 analyzer. These
unused/uncalibrated channels may result in warnings generated, therebyputting the whole system in a warning
state (yellow indicator). To resolve these erroneous warnings about unused channels not being calibrated, the user
can individually turn off unused probes/channels in the Options > Calibration screen and selecting theON/ OFF
mar ker beneath each probeds number as shown bel ow.

Calibration

Internal Calibration Probe Calibration

Calibrate... ‘ i Calibrate... | | Verify... @
V) 2020-09 : on @ sep-2316:49 @Y Sep-23 16:56

oih Calibrate... Verify... @ Disable Channel?

M Calibrate Periodically sep-2320:55 (Y Sep-23 21:01 Would you like to disable channel 37

Cancel oK
Calibrate... E

not calibrated not verified

Calibration Report [ Calibrate. .. ) m

View... Save... not calibrated not verified

A0049245
A0049229

Figure 83. Channels 3 and 4show unused/uncalibrated and the disable channel rompt

Calibration Stream A Stream B

Internal Calibration Probe Calibration

9 f W no analysis no analysis
Calibrate... Calibrate... Verify...

7|nn g20:00:00 7|un 220:00:00

Calibrate... | Verify...
Sep-23 20:55 o Sep-23 21:01

Channel Disabled

Options

% Raman Analyzer A0049228
A0049246

Figure 84. Channels 3 and 4shown disabledand warning indicator resolved togreen OKstate
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If a system error is encountered, the display will change taRed.

1. Click the Red status indicator to view details about the warning or error.

@
-° Analyzer Status

AA0049230

Figure 85. Analyzer status details

2. Inthe event the analyzer stops communication with the interface, go toOptions, selectSystem, chooseRestart
and the analyzer will reboot. This will re-establish camera/interface communication.

9.2.1

Low laser power

To check laser environment data, go to theOptions > Diagnostics > Environment tab.

If it is suspected that laser power is low due to lever signal in spectra, conduct a power check with the laser power
meter. A laser should register between 380400 mW of Laser Power. The Laser Diode Current should be 06 2.0A
and will creep up over time due to normal diode ageing.

The user will get a warning from RunTime once laser diode current exceeds 1.6A recommending service of laser
module soon, to avoid downtime. Once the laser diode current reaches the 2.0A limit, the laser is considered to be in
a failure state, and as a result laser power willgradually start decreasing until it gets to zero. For Technical Service,
refer to our website (https://endress.com/contact) for the list of local sales channels in your area.

9.2.2

System Diagnostics

Name

value

System Environment

CSM Diamond Heater Temperature 64.9
Detector Temperature -40.0
External Temperature 23.0
Internal Temperature 30.0
Laser Coaler Current 11
Laser Coaler Voltage 1.6
Laser Diode Current 0.8
Laser Diode Temperature(C) 18.9
Laser Diode Voltage 17
Leser Enclosure Temperature(C)  29.9
Laser Heat Sink Temperature(C)  31.8

Laser Power

397.0

Trends

Close

A0049222

Figure 86. Systemdiagnostics environmenttab

ON/OFF button flashing

The ON/OFF button emits a flashing blink code to communicate a problem when the software is unavailable.

Sign

Problem

Solution

2 blinks in quick
succession followed by
a solid long pause.

Indicates problem with main power supply. Could
indicate power has been interupted. Flashing will
cease when reserve power is depleted if it is not
replenished.

Check security of power cord and its connection. If
there is no facility power outage, problem could be
with power unit and a replacement is necessary, call
service.

6 blinks in quick

It is too hot inside the instrument. The device is

Check ambient temperature in the environment

succession rated for an environment up to 35 °C(95 °F). around the instrument. If temperature does not
Instrument will shut down its power source when | exceed limit, call service.
it is too hot.
Table11. ON/OFFbutton warning signs
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9.2.3 RunTime system warnings and errors

Diagnostic Title

Faults whené

Internal Calibration

Internal calibration missing on multi -channel instrument.

Wavelength Calibration

Wavelength calibration missing on single-channel instrument.

Laser Calibration

Laser calibration missing on single-channel instrument.

Intensity Calibration

Intensity calibration missing on channel.

Detector Temperature

Camera temperature out of tolerance.

Detector Locked

Camera temperature not stable.

Detector Saturation

Camera saturation < 2% or > 80 %.

CSM Diamond Heater Temperature

Laser calibration standard temperature out of tolerance.

CSM Laser Interlock Alarm

Laser interlock interrupted, e.g. probe cable broken or improperly connected

Laser Interlock Status

Laser disabled, e.g. due to being turned off.

Laser DiodeCurrent

Laser diode drive current approaches maximum.

Laser Cooler Open Circuit

Error received from laser.

Laser Diode Current Error

Error received from laser.

Laser Diode Temp Error

Error received from laser.

Laser Diode Temp Startup

Error received from laser.

Laser Diode Temp Warning

Error received from laser.

Laser Power Feedback

Error received from laser.

Laser Power Feedback Error

Error received from laser.

Laser Unit Temp Error

Error received from laser.

Laser Unit Temp Startup

Error received from laser.

Table12. Systemwarnings and errors

9.2.4 Quick reference troubleshooting

Diagnostic Title

Solution

Probe is not emitting laser

Check whether the probe is connected properly. Confirm that laser key is turned®N
and indicator light is lit. Inspect whether the shutter switch is in the ON position.
Examine whether the remote unlock connector is present on specific channel.

RunTime isfrozen and not responding

Reboot device by holding theON/OFF button on the front of the device for 12 seconds
until it powers down. Release power button. Depress power button momentarily to
power the device back up.

RunTime reports a detector temperatue
warning

Camera hasndt had time to cool down. T
from when it powered up to cool down to the proper temperature.

The probe fiber is broken

A broken fiber cable will open the interlock and turn the laser off. For Tednical
Service, refer to our website (ittps://endress.com/contact ) for the list of local sales
channels in your area.

The laser has failed

CheckOptions > Diagnostics f or a reading on t her.Fbrase
Technical Service, refer to our website litips://endress.com/contact ) for the list of
local sales channels in your area.

RunTi me wonot init|

Follow instructions in the Restore Console to restore arexport file already saved that
contains settings, calibrations, and verification data.
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9.3  OPCconnection troubleshooting

Endress+Hausercannot support connection to user specific OPC client€£ndress+Hauseruses a free OPC Client,
UAEXxpert for testing server-to-client connections. A Service Engineer can provide instructions for the UA Expert
Client to run Raman RunTime OPC Server testd. problems persist, check the following items:

A Confirm whether the current version of Raman RunTime is operating

A verify

To Do Do Do Do Do

t he

st at us Optibns » Systemr>&Netwoskd 6 under
Network
Network 1 (CONNECTED) 8999 FBIGFIATIZE

i

General

R 18.139.73.22

&

Analysls 255.255,255.9 >
16.139.73.1 >
Automation e Or eI 59:90: FB:6F147:2F

.

Metwiork

feil

PSR -

Hostname RAMAN-123 =

M

e

D) Apply

e

A0049231

Figure 87. Network screenshowing connected

Make sure the correct Ethernet portis used.

Check whether the Ethernet port is active with link/activity lights.
Make sure a valid IP Address is shown.

Test the ping from a direct connected laptop and ensure both a& configured properly.
Validate the OPC UA communication by using a test client such as UA Export.
Check port configuration on client.

9.4  Restarting the system

In Raman RunTime, navigate toOptions > System > General and dick Restart. Only users with administrative
privileges can restart the device.

Endress+Hauser

General

(%

o
8

ax.n.

Advanced

x
E
b

T
+

Calibrate Touch Screen...

Automatian

Restart...

150

Shut down...

£3
4
B

[

Date & Time

Security

[
D)

“Unse 8 GB (73% free)

Instrument Name Raman Analyzer >

A0049247

Figure 88. Restart
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9.5 Raman Rxn2 system and power loss

The instrument retains its last known power state in non-volatile memory. Should power beinterrupted to the
instrument at any time, the instrument will recall its last known power state and return to that power state once

power is restored. For example, if the instrument was ON when power was interrupted, it will power on

automatically once power is restored. If the laser was ON and the laser key is also in the ON position as well, then the
laser will turn on. In the unlikely event of this occurring, this represents a possible laser exposure hazardWVhile

power is interrupted, if the instrument was ON at the time of power loss, the power switch will flash a tweblink

error code for 30 8 60 seconds, indicating that power has been lost.

9.6 Recoveryconsole

The Recovery Console appeaiif Raman RunTime is unable to initiate. Raman RunTime will produce a prompt to
enter recovery console after trying to initiate five times. There are several options for resolving the problem.

AR 9
‘\\;é ] )

Restart .Update Service

= | g

Export Restore

Q
NS

)

g
4

A0049248

Figure 89. Recoveryconsole menu
The Recovery Consoleonsists of the following functions:

A Restart. This button will restart the system.

| 1 |

I,/'ﬁ‘\ Are you sure you would like to
\ I restart?

\ J
@&

T

Restart

e

Export Restore Reset

A0049232

Figure 90. Restartwarning

A Update. This button is used to update the Raman RunTime embedded software that is provided on a USB stick.
Put the USB flash drive in the USB slot and follow menu prompts to find the file and initiate the update.

Select the update file...

098-304168-USB Device (970.48 MB free space out of 1492 C ~

3 pisk

Cancel
A0049233

Figure 91. Updatemode menu
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A Service Mode. The Service Mode option is only available to qualified service personneFor Technical Service,
refer to our website (hitps://endress.com/contact ) for the list of local sales channels in your area.

WARNING
Service Tools are for Endress personnel only.

{Note: You must have a keyboard attached 1o the Instrument to complete this step.)

FKICIEHI

oK Cancel

0049234

Figure 92. Servicemode menu

A Export. This button is used to download data, settings, or configuations of the analyzer, and only when it is in
an error state. This export is intended for Endress+HauserSupportto investigate problems. In order to Restore
the analyzer, a user can ONLY use a previously generated and saved (to a USB drive) Exportfiitan within
Raman RunTime. The | ast generated and saved export

NOTICE

a  The recovery console generated export is ONLY intended fd&Endress+HauserSupportto investigate problems.
This export file CANNOT be used to restore the analyzer.

O

Restart

Restore Reset

‘A0049235

Figure 93. Exporting afile

A Restore. This button can restore Raman RunTime to arearlier state of the analyzer that was saved at an earlier
time from within Raman RunTime, and exists on the onboard storage or on a USB drive. This is the
recommended solution to restoring Raman RunTime to an operational mode.

Select the export file...

Gnboard Exports

Cancel

A0049236

Figure 94. Restoring Raman RunTime to ararlier version using export stored on the analyzer storage
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1. If the export file is on a USB drive, search through folder structure to find the needed file to restore settings and
configuration. Please choose a Full level export file to restore the settings, configuration, modelsand data. If an
export is Full level and contains the aforementioned content for a full restore, this is indicated by theGreen
DATA tag next to the export file as shown below.

Select the export file...

098-304168-USB Device (7979 M8 free space out of 1492 GE ~

Locate Cancal

A0049237

Figure 95. Restoring Raman RunTime to ararlier version using export storedon a USBdrive

While the settings and configuration will always be restored, Raman RunTime will prompt and askwhether the
user also wants to restore data as well if a Full export (with aGreen DATA tag) is available and selected.

Select the export file...

Onboard Exports

What would you like to restore?
¢ Configuration Only

= Configuration + Data

WARNING
Current acquisition data will be replaced with
acquisition data from this export

Cance Select File

A0049238

Figure 96. Warning menu to select level of restordor Raman RunTime

2. Select the file to restore the analyzer. Once the file is selected, a new menu will appear to confirm the action.
Click OK.

Restore Instrument?

47\ Would you like to begin restoring
[ | your instrument?

<G

0K Cancel
A0049239

Figure 97. Menu to confirm restore

3. The system will now Restart and Restore. This can take a while, so DO NOT shut down the analyzer. Once the
Restore is finished, the instrument will Restart, and Raman RunTime will Launch.
0 Reset Byclicking the Resetbutton, and then Continue , the systemwill reboot and delete all of the
calibrations, models, acquisitions, logs, and other data.

Reset Device?

Resetting this device will erase all
acquisitions, calibrations and
configurations.

Continue Cancel

‘A0049240

Figure 98. Menu to confirm resetting the device
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10 Maintenance

10.1 Optimization

If you move the Raman Rxn2, it may be necessary to reptimize its performance. First, re-verify its performance
using Raman RunTime and compare the results for the current to the previous verification. If the signal intensity has
dropped significantly, you may benefit from following the optimization guidelines below.

10.1.1 Sample position

If the sample has been moved from the focal point of the probehead, less Raman scattering is recovered by the
probehead lens and transmitted to the spectrograph. This is the easiest area to check first.

Perform the following procedure in a darkened room:
1. ClickFocuson the Stream Detail View.

2. Watch as the signal increases and decreases in response to the sample movement in front of the probehead lens.
3. Be aware of any potential laser light reflected off the sample container during this procedure.

10.1.2 Cleaning the lens or window

If the lens or window on the probehead has come in contact with a sample, dust or fingerprints, etc., it may need to
be cleaned. Use a lens cloth and a watebased lenscleaning solution to gently wipe away any contaminant.

10.1.3 Detector camera alignmen t

If the Raman Rxn2 spectrograph internal optics have shifted, the detector camera alignment may need to be changed.

A\ CAUTION
a  The CCD camera alignment iset at the factory and rarely needs to be altered in the field. Alignment should be
performed only by experienced personnel.

Prior to performing a camera alignment operation, it is important to ensure that no stray light is entering any of the
probes that are attached to the Raman Rxn2. Alignment is performed with an internal white light source, and stray
light entering on any of the attached probes can interfere with the alignment light source.

To perform the camera alignment:

1. Navigate to Options > Calibratio n.

2. Click Calibrate under the Internal Calibration section then select Recalibrate All from the Calibration Mode
drop-down list. Click Calibrate .

NOTICE

a  All probe calibrations and verifications are invalidated after Recalibrate All and will need to be re-performed.

10.1.4 Calibration and verification wizard

Reliable, transferable calibration is important for comparing data acquired at various times or with different
analyzers. Different instruments analyzing the same sample can generate nearly identical spectra if they are properly
calibrated. The Raman RunTime software package includes aautomatic calibration wizard that guides you through

a procedure to automatically calibratethe wavelength and intensity axes and the wavelength of the laser.

a  After the initial calibration during installation, the Calibrate Periodically function is usually sufficient to
maintain the wavelength and laser calibration of the Raman Rxn2.

A summary of the recommended calibrationand verification sequence is as follows:

1. Internal Calibration.
2. Probe Calibration (Raman Calibration Accessory)
3. Probe Verification (external 70 % IPA or cyclohexane sample where applicable)
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10.1.4.1 Internal calibration

Internal calibration includes spectrograph alignment, spectrograph x-axis wavelength, and laser wavelength
calibrations.

The wavelength calibration of the Raman Rxn2 can be automatically checked at a frequency of choice by navigagj
to Options > Calibration > Internal Calibration and selecting Calibrate Periodically . At least once per day is
recommended. Once enabled, the Raman Rxn2 will automatically compare the current analyzer response
(spectrograph and laser wavelength calibratons) to calibration specifications and will recalibrate if the spectrograph
wavelength or laser wavelength is out of spec.

10.1.4.2 Probe calibration

The sensitivity of the Raman Rxn2 varies with wavelength due to variations in the thtroughput of the optics and the
qguantum efficiency of the CCD. The Probe Calibration function in your embedded software application can be used to
remove the effects of this variation from measured spectra. Probe calibration can be performed using the automtic
calibration wizard in Probe Calibration on the Raman Rxn2 requires the Raman Calibration Accessory.

Attach the lamp head to the probe on channel 1 using the appropriate optic adapter. Each channel must be probe
calibrated separately. Follow the instructions in the automatic calibration wizard.

10.1.4.3 Probe verification

A\ CAUTION

a  Bio probessuchas blGOptic, Rxn-45, and single-use adapters, should ONLY use 7@ IPA. Only 70 percent by
volume (%v/v) will work. Endress+Hauserecommends using CiDehol 70 by Decon Laboratories. Other probes
can use cyclohexane.

The Probe Verification wizard may be used to verify that the Raman Rxn2 is performing within specificationsProbe
verification will acquire a Raman spectrum of a standard Raman sample, usually 706 IPA or cyclohexane and

analyze the resultant spectrum for peak positions, peak area ratios and Raman signal strength. The peak position
verification will verify that the sp ectrograph and laser wavelength calibrations are within specification. The peak

area ratio verification will verify that the probe intensity calibrations are within specification. The signal strength
verification wil!/l v e r i ftoynoiselradid is withinespecificagidn.rAuapatmwill Beggensrateyin a |
showing the results of the verification steps along with a Pass/Fail indication.
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10.2 Servicing the Raman Rxn2 analyzer

This sectionis divided into two parts: 1) embedded softwarerelated symptoms and 2) hardware-related symptoms.
The distinction is not clear-cut in many cases, so check the other section if your situation is not described in the
expected section.

Some of the service procedures require removal of the protective cover. Specialgmautions are therefore necessary to
deal with the added optical and electrical hazards that are present during service operations.

A WARNING

a  General users should notopenthe Raman Rxn2 enclosureOnly qualified personnel familiar with high voltage
electronics should open the system enclosure to perform necessary maintenance or servic®pening the Raman
Rxn2 enclosure can exposeisersto hazardous laser radiationor high voltage electronics.

10.2.1 List of embedded software related symptoms
Symptom: Raman spectra contain non -random noise
Possible Solutions:

1. The intensity calibration file is no longer valid.

The intensity calibration file is a map of the total instrument response of the system (CCD quantum efficiency,
grating and lens efficiencies, etc.). If the spectrograph focal plane shifts with respect to the CCD detector, then
the intensity calibration map is no longer correct. An incorrect intensity calibration file will not remove pixel -to-
pixel sensitivity variation, which is as high as 3% for some CCD chips. Shifting of the spectrograph focal plane on
the CCD detector can result from adjusting the Raman Rxn2 spectrograph alignment, mechanical shock applied
to the Raman Rxn2 or substantial ambient temperature shifts. Recalibrate the iniensity axis.

2. The intensity per pixel per accumulation exceeded the halfwell potential of CCD pixels during the creation of the
intensity calibration file.

Non-linearity reduces the effectiveness of the intensity calibration file at correcting the CCD pxel-to-pixel
sensitivity variation. Recalibrate the intensity axis.

Symptom: Intensities in Raman spectra show non -linear behavior or Raman peak shapes are distorted
Possible Solutions:

1. Repeat the data acquisition using a shorter data acquisition time andperhaps more accumulations (which adds
intensities in the embedded software rather than on the CCD chip).

The signal from the CCD can become slightly notlinear as the photo-generated charge approaches the fulwell
potential. This can cause nonlinear behavior and peak distortion in Raman spectra.

2. The intensity calibration file is invalid.

If the intensity calibration was made using a light source that did not evenly illuminate the entire collection lens
of the spectrograph, then any experiment that does not reproduce the exact uneven illumination at the time of
the intensity calibration will not have the same instrument response and therefore will not be properly corrected.
Recalibrate the intensity axis.

Symptom: Raman RunTime reports a detector temper ature warning
Possible Solutions:

1. The camerahas not had time to cool down.

The camera usually requires 15 to 20 minutes from the time it is powered up until it has cooled down to the
proper temperature.
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10.2.2 List of hardware -related symptoms
Symptom: Several sharp artifact peaks appear in all Raman spectra
Possible Solutions:

1. The room lights are introducing an emission line spectrum into the spectrograph.

Turn off any fluorescent lights during future experiments. Cover reactor with aluminum or other light -blocking
material to prevent light entering.

Symptom: The number of intensity counts from verification is significantly less than specification
Possible ®lutions:

1. The sample is not in the focal plane of the fiber optic probehead.
Adjust the position of the sample with respect to the probe focus.

2. The fiber optic cable is not attached correctly to the Raman Rxn2 base unit.
Check fibers for proper engagementand that they are latched.
3. The laser power reaching the sample is too low.

Measure the laser power at the sample and compare it to the normal power for your configuration.For Technical
Service, refer to our website (ittps://endress.com/contact ) for the list of local sales channels in your area.

Symptom: Spectrum sits on top of a broad featureless halo
Possible Solutions:

1. Probe tip may be fouled.

Pull probe from process and clean the probe per the appropriateervice manual instructions. For Technical
Service, refer to our website [(itips://endress.com/contact ) for the list of local sales channels in your area.

Symptom: No laser light reaches the sample
Possible Solutios:
1. The laser is not on.
Check to see if the laser key is in place and the indicator is lit.
2. The laser is not lasing.

For Technical Service, refer to our websitel{tips://endress.com/contact ) for the list of local sales channels in
your area.

3. The internal power plug has disconnected from the laser.

Open the Raman Rxn2 base unit enclosure. The computestyle power cord should be firmly plugged into its
socket on thelaser.

4. The fiber optic cable is not attached correctly to the Raman Rxn2 base unit.
Checkhybrid fibers for proper engagement and that they are latched.
5. The laser injector is misaligned.

For Technical Service, refer to our websitel{tips://endress.com/contact ) for the list of local sales channels in
your area.

6. The remote interlock connector shorting plug is unplugged.

Make sure the remote interlock connector shorting plugs for all channels ae installed. Make sure the
corresponding front panel interlock indicators are illuminated.

7. The probe fiber is broken.

The interlock cuts power to the system if the cable is broken. If this happens, contacEndress+Hauseror an
authorized distributor.

8. The Calibration Switching Module has failed.

For Technical Service, refer to our websitel{ttps://endress.com/contact ) for the list of local sales channels in
your area.
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9. The laser has failed.
CheckOptions > Diagn ostics for laser diode current and power.

Symptom: Embedded software indicates an excessive number of tracks found during  recalibrate all
Possible Solutions:

1. Stray light from connected probes are entering spectrograph during camera alignment.
Cover all comected probe optics to prevent any stray light from entering the spectrograph.

Symptom: Embedded software indicates a failure during wavelength calibration
Possible Solutions:

1. Stray light from connected probes is entering spectrograph during calibration.

Cover all unused but connected probe optics to prevent any stray light from entering the spectrograph. Also,
ensure that probes being used for sampling are protected from stray light. Wavelength calibration is performed
with a light source internal to the Raman Rxn2 base unit. If stray light from connected probes can enter the
spectrograph, it may interfere with the internal calibration lamp.

Symptom: Embedded software indicates internal temperature error

1. The filter needs attention.
Clean or replace the fiter.

2. The ambient temperature is above 35°(95 °F).
Lower ambient temperature to a temperature within specified ambient temperature range.

10.3 Support

Diagnostic exports and the current Raman RunTime version number will be needed foEndress+Hauser Support. The
version can be viewed fromOptions > System > Update.

Click Information to display additional details about the versions and updates applied.

Current Version: 6.4 (41B2D9ES+) @

Current Version: 6.4 (41B2D9E9+)

Runtime Core: 6.4 (41B2D9E9+)
Profile: 785 Rxn

Updates Installed:

ResetDevice
2022-06-20 13:37 OK

UpdateSSLCertificates
2022-86-20 07:14 oK

UpdateOpcUacCertificates
2022-06-20 07:13 oK

SyncTime
2022-06-20 07:13 OK

UpdateSSLCertificates
20822-06-20 07:08 oK

UpdateOpcUacCertificates
2022-06-20 07:07 oK

Synchrmg - B = 10049249
A0049250

Figure 99. Currentversion

10.3.1 Contact information

For Technical Service, refer to our websitel{tips://endress.com/contact ) for the list of local sales channels in your
area.
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11  Repair

11.1 Servicing and spare parts

The two main user-serviceable or replaceable parts are the disposable air filter and the laser. Part numbers for these
items are listed in the table below. The laser assembly has been designed for easy replacement and this is typically
accomplished by the customer. Optionally, @a Endress+Hauserservice engineer can install the laser during a
contracted service visit.

NOTICE

a  The performance of procedures (including service), the use of controls, or the adjusting of the instrument other
than as specified in the manual will void the warranty.

The following table provides a list of common parts that may be ordered and installed.

Model Number Description
RXNZ2 Air Filter One packet of replacement Air Filters for aRaman Rxn2analyzer (Quantity 5 filters)
ULA-EM-785-2/4 Embedded NIR 785 nm Diode Laser foRaman Rxn2features:

A Laser Wavelengthd 785 nm

A >125 mW of 785 nm laser power delivered to the Probehead*
A Integrated Holographic Laser Bandpass Filter

A Universal Laser Injector Assembly

A One Year Unlimited Hours Warranty

*Using standard multi -mode optical fiber
L-INV-EM2/4 -785-R Refurbished Embedded NIR 785 nm Diode Laser fdRaman Rxn2 analyzeifeatures:

A Return of Existing NIR 785 nm Diode Laser and Injector Assembly
A Clean and Refurbish Laser and Injector as necessary
A Refurbished Specifications:
0 >150 mW of 785 nm laser power delivered to the Probehead*
0 One Year Unlimited Hours Laser Warranty

*Using standard multi -mode optical fiber

Requires Tradein of Existing Customer-owned Embedded NIR 785 nm Diode Laser (serial number to
be provided)

ULA-EM-532-2/4 Embedded 532 nm Frequency Doubled Diod®umped Nd:YAG Laser foRaman Rxn2analyzer
features:

A Laser Wavelengthd 532 nm

A Diode-Pumped Nd:YAG Laser

A 150 mW Laser Head Output

A One Year / 5000 Hours Warranty

A >80 mW of 532 nm laser power delivered to the probehead

*Using standard multi -mode optical fiber
L-INV-EM2/4 -532/R Refurbished Embedded VIS 532 nm Diode Laser fdRaman Rxn2features:

A Return of Existing VIS 532 nm DiodePumped Nd:YAG Laser and InjectoAssembly
A Clean and Refurbish Laser and Injector as necessary
A Refurbished Specifications:

0 >80 mW of 532 nm laser power delivered to the probehead*

0 One Year or 5000 Hours Laser Warranty

*Using standard multi -mode optical fiber

Requires Tradein of Existing Customerowned Embedded VIS 532 nm DioddPumped Nd:YAG Laser
(serial number to be provided)

ULA-EM-1000-2/4 Embedded NIR993 nm Diode Laser forRaman Rxn2analyzer features:

A Laser Wavelengthd 1000 nm
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Model Number Description

A >150 mW of 1000 nm laser power delivered to the Probehead*
A Integrated Holographic Laser Bandpass Filter

A Universal Laser Injector Assembly

A One Year Unlimited Hours Warranty

*Using standard multi -mode optical fiber

L-INV-EM2/4 -1000/R Refurbished Embedded NIR 1000 nm Diode Laser fdRaman Rxn2analyzer features:

Return of Existing NIR 1000 nm Diode Laser and Injector Assembly
Clean and Refurbish Laser and Injector as necessary

Refurbished Specifications:

>150 mW of 1000 nm laser power delivered to the Probehead*

One Year Unlimited Hours Laser Warranty

> > > >

*Using standard multi -mode optical fiber

Requires Tradein of Existing Customer-owned Embedded 1000 nm Laser (serial number to be
provided)

Table 14. Spareparts

For Technical Service, refer to our websitel{tips://endress.com/contact ) for the list of local sales channels in your
area.
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12  Technical data

12.1 Specifications

Raman Rxn2 analyzers may be configured to operate with one of several different laser wavelengths. Currently,

Raman Rxn2 analyzers may be equipped with a 532 nm, 785 npor 993 nm laser as standard.

12.1.1 Baseunit

Item

Description

Operating temperature

15 Cto 30 C(59 Fto 86 F)

Storage temperature

315 Cto 50 C(5 Fto 122 F)

Relative humidity

200880 %, non-condensing

Warm-up time

120 minutes

Operating voltage

1006240 V, 50860 Hz, £10 %

Transient over-voltages

Over-voltage category 2

Power consumption (maximum)
(typical startup)
(typical running)

400 W
250 W
120 W

Base Unit Dimensions (widthx depth x height)

279 x 592 x 483 mm (11 in. x 23.3in. x 19in.)

Optional Cart Dimensions
(width x depth x height)

71 cm x 76 cm x 101.5 cm to tabletop
147 cm to monitor top

(28 in. wide x 30in. deep x 40in. to tabletop)
(58 in. to monitor top)

Weight

BaseUnit 71 Ibs. (32 kg)

Cart Mounted 205 Ibs. (93 kg)
Sound Level (from oper g 58.9dB, A-weighted
IEC 60529 rating IP20
Altitude Up to 2000m
Pollution degree 2
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Table 15. Baseunit
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12.1.2 Spectrograph

Iltem Description

Type Proprietary axial transmissive
Aperture ratio /1.8

Focal length 85 mm

Grating (1 or 4 channels, 532 nm, 785 nm)

HoloPlex transmissive (Rxn2785 hybrid analyzers use HoloSpetransmissive)

Grating (1 or 4 channels, 1000 nm)

HoloSpec transmissive

Spectral coverage (532 nm)

150 to 4350 cm™?

Spectral coverage (785 nm)

150 to 3425 cm?

Spectral coveraged Rxn2 hybrid (785 nm)

175to 1890 cm™?

Spectral coverage (1000 nm)

200 to 2400 cm?

Slit

50 pm fixed

Spectral resolution (532 nm)

5 cm! average

Spectral resolution (785 nm)

4 cmr! average

Spectral resolution (1000 nm)

5 cm! average

Table16. Spectrograph

12.1.3 Laser
Iltem Description
532 nm
Excitation wavelength 532 nm
Maximum power output 120 mwW

Warranty

unlimited hours for 1 year

785 nm

Excitation wavelength
Maximum power output
Warranty

785 nm
400 mw
unlimited hours for 1 year

1000 nm

Excitation wavelength
Maximum power output
Warranty

993 nm
400 mw
unlimited hours for 1 year

12.1.4 Probes

Tablel7. Laser

Iltem

Description

Raman Rxn2 (single channelfour channel,
and starter)

Compatible with:

Rxn-10 probeheadequipped with immersion or non-contact optics
Endress+Hauser gas phase Raman probe

Endress+Hauser liquid phase Raman probes

Endress+Hauser bioprocessing Raman probes

Raman Rxn2hybrid

Compatible with:

Rxn-20 probe and

One other ALT probe including:

Rxn-10 probeheadequipped with immersion or non-contact optics
Endress+Hauser gas phase Raman probe

Endress+Hauser liquid phase Raman probes

Endress+Hauser bioprocessing Raman probes

Endress+Hauser
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12.2 Hazard area certification

Endress+Hauseranalyzers carry IECEx, ATEX, and NA certifications fanstallation in general purpose zone with
output into hazardous areas.For more specific information on the hazardous area rating for field measurements,
refer to the operating manual of the installed probe.

Item Description
Certification 8 Base Unit (fiber optic and ATEX
interlock outputs only) E2 |l (2)(1) G Ex [ia Ga]

Ex [ia Ga][op sh Gb] IIC
Tamb:-20°C to 40°C

IECEX
Ex [ia Ga] [op sh Gb] IIC
IECEX ITS 20.0050X

North American

Intrinsically Safe output for probe and sensors used in Class I, Division 1,
Groups A, B, C, and D. Ambient Temperature Range: 5¢€1 °F)O T a mb
35°C(95 °F)

Table 18. Hazardous area certification
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13  Supplementary documentation

All documentation is available:

A On the media device supplied (not included in the delivery for all device versions).

A Smart phone/tablet: Endress+Hauser Operations App

A For Technical Documentation, refer to our website (ittps://endress.com/downloads ).

Part Number

Document Type

Document Title

KA01544C

Brief Operating Instructions

Raman Rxn2Brief Operating Instructions

XA02700C

Safety Instructions

Raman Rxn2Safety Instructions

T101608C

Technical Information

Raman Rxn2Technical Information

Endress+Hauser

Table19. Supplementary documentation
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temperature, 68
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compliance label, 11
hazardous area, 82
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compliance labels, 11
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continuous mode, 51
dark exposures, 47
data
batch export, 56
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tag, 72
technical, 80
transfer, 56
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fuses, 38
safety, 10
diagnostics
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exports, 65
trends, 64
dimensions, 80
electrical
block diagram, 33
connection, 28
safety, 10
errors, 66
export, 62
batch data, 56
compliance, 4
diagnostics, 65
spc file network, 56
external, 31
eye
optical safety, 10
protection, 9
focal length, 81
focus, 48, 73
four channel
analyzer, 12
calibration window, 26
probe, 20
rear panel, 16
front panel, 14
fuses, 38
glossary, 5
grating, 81

Endress+Hauser



Raman Rxn2

Operating Instructions

hca, 19
health, 9
humidity, 19
hybrid
analyzer, 12
calibration window, 26
probe, 20
rear panel, 16
i/o panel, 31
interlock connector, 11, 36
key control, 11
laser
apetures, 38
base unit, 38
interlock circuit, 38
key switch, 14
low power, 67
safety, 9
safety notice, 9
lens, 73
lifting raman rxn2, 8
manual mode, 50
mini display port, 31
mobile cart, 39
modbus, 58
models
loading, 53
results, 54
network configuration, 25
numeric aperture, 10
on/off button flashing, 67
opc
connection, 69
ua, 29
operating voltage, 80
optical safety, 10
optimization, 73
password management, 61
periodic mode, 52
pollution degree, 80
port
ethernet, 69
exc, 24
rs-485, 16
usb, 14
power
consumption, 80
electrical, 19
grounding, 32
switch, 14
up, 25
probe
calibration, 42
connection status, 14
laser apetures, 38
on/off, 9
verification, 74
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raman runtime
initial setup, 40
network configuration, 25
overview, 13
raman rxn2
air filter, 39
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location, 19
temperature, 19
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rear panel, 16
recovery console, 70
relative humidity, 19
remote

interlock connector, 11, 36

remote access, 56
repair, 78
restart, 69
safety
electrical, 10
health, 9
optical, 10
sample position, 73
security
additional features, 61
basic connectivity, 29
password, 61
software, 59
user privileges, 60
single channel
analyzer, 12
calibration window, 26
probe, 20
rear panel, 16
slit, 81
snapshot mode, 49
software
raman runtime, 13, 40
requirements, 62
security, 59
user privilege, 60
sound level, 80
Spare parts, 78
spc
file network, 56
hybrid, 44
probe calibration, 42
specification, 80
spectrograph, 38
status bar, 66
status indicator, 57
support, 77
symbols, 4
temperature, 19
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test server, 69
touchscreen, 31

trends, 64

us export compliance, 4
usb port, 14

user privileges, 60
ventilation, 19
verification
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calibration, 26
probe, 74
reports, 46
wizard, 73
warm-up time, 80
warnings, 66
weee directive, 11
weight, 80
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