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1 About this document

1.1 Document function

This manual provides details on configuring and using Raman RunTime for process applications, but it is not
intended to replace Raman Rxn system analyzer installation and training from Endress+Hauser representatives.

This Raman RunTime software manual is approved for use with the following analyzer configurations:

Raman Rxn2 and Raman Rxn4 single-channel and four-channel embedded analyzers with 532, 785, or 1000 nm.
Raman Rxn2 Starter single-channel and four-channel embedded analyzers with 785 nm.

Raman Rxn2 Hybrid and Raman Rxn4 Hybrid embedded analyzers with 785 nm.

RamanRxn2 and RamanRxn4 non-embedded analyzers with 785 nm.

RamanRxn2 and RamanRxn4 non-embedded analyzers with 1000 nm.

Raman Rxn5 embedded analyzer with 532nm.

A CAUTION

» The performance of procedures, the use of controls, or the adjusting of the analyzer other than as specified in the
manual may result in hazardous radiation exposure.

1.2 Symbols
Warnings
Structure of Information Meaning
A WARNING This symbol alerts you to a dangerous situation. Failure to avoid the dangerous
Causes (/consequences) situation can result in a fatal or severe injury.

Consequences of noncompliance (if applicable)

» Corrective action

is symbol alerts you to a dangerous situation. Failure to avoid this situation
A CAUTION This symbol alerts you to a dang ituation. Failure t id this situati
Causes (/consequences) can result in minor or more serious injuries.

Consequences of noncompliance (if applicable)

» Corrective action

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

Consequences of noncompliance (if applicable)
» Action/note

Symbols on the device

Symbol |Description

& The Laser Radiation symbol is used to alert the user to the danger of exposure to hazardous visible laser radiation
when using the Raman Rxn system.

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

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

c € The CE Marking indicates conformity with health, safety, and environmental protection standards for products sold
within the European economic area (EEA).

1.3 Documentation
All documentation is available:

= Onthe media device supplied (not included in the delivery for all device versions)
= On the Endress+Hauser mobile app: www.endress.com/supporting-tools
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s In the Downloads area of the Endress+Hauser website: www.endress.com/downloads

This document is an integral part of the document package, which includes:

Part Number Document Type Description

4006019 Raman RunTime Current list and history of OPC Tags for Raman RunTime.
Automation OPCv7.0

4006020 Raman RunTime Current Modbus Map for Raman RunTime.
Automation Modbus v7.0

4006021 HTTPS Automation Details on using HTTPS protocol to transfer supported file types to Raman
Interface v7.0 RunTime.

4005963 Raman data library 2.1 Raman data library User Operating Instructions

1.4 Registered trademarks

Modbus®
Registered trademark of SCHNEIDER AUTOMATION, INC.

SIMCA®
Registered trademark of Sartorius Stedim Biotech.

GRAMS IQ™
Registered trademark of Thermo Fisher Scientific.

PEAXACT
Trademark of S-Pact

Aspen Unscrambler™
Registered trademark of AspenTech

Solo/PLS_Toolbox
Trademark of Eigenvector research, Inc.
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2  Safety

2.1 Product safety

A CAUTION
Laser Safety Notice. Endress+Hauser Raman analyzers utilize laser sources as an excitation source.

» When using the Raman RunTime near an operating instrument, follow all safety requirements outlined in the
operating and safety documents of the analyzer and Raman probe(s) being used.

2.2 IT safety

Operators are responsible for implementing IT security measures to protect the device and associated data transfers,
in accordance with their own security standards.

2.2.1 Device-specific IT security

In addition to user account creation for password protection, Raman RunTime security safequards the Raman Rxn
system from unauthorized access with these features:

Customized embedded system provides a unique, non-standard attack surface.
Purpose-built operational profile prevents unauthorized user actions.

Network access is restricted to analyzer core services only.

Only authenticated, digitally signed updates from Endress+Hauser are permitted.
Non-Endress+Hauser software cannot be executed on the system.

Unauthorized system changes are automatically removed during reboot.

6 Endress+Hauser
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3  Product description

Endress+Hauser Raman RunTime embedded software serves as the control platform for the Raman Rxn analyzer
suite. Raman RunTime is designed for straightforward integration with standard multivariate analysis and
automation systems, enabling real-time, in situ process monitoring and control. The software supports Open
Platform Communications (OPC) and Modbus interfaces, providing clients with access to analyzer data and control
functions.

3.1 Supported analyzers

A CAUTION

» When the main power switch and laser key of the Raman Rxn analyzer are turned ON, ensure that probes are
shuttered or covered. Always observe laser safety precautions.

Raman Rxn2 and Raman Rxn4 embedded analyzers

Raman RunTime software is integrated into the following analyzer configurations:

= Raman Rxn2 and Raman Rxn4 as single- or four-channel embedded analyzers (532 nm, 785 nm, or 1000 nm
wavelength)

Raman Rxn2 single-channel embedded analyzer starter configuration (785 nm only)
= Raman Rxn2 or Raman Rxn4 hybrid analyzer configuration (785 nm only)

Raman Rxn5 embedded analyzer
Raman RunTime software is fully embedded in the Raman Rxn5 analyzer (532 nm).

Raman Rxn non-embedded analyzers

Non-embedded Raman Rxn analyzer configurations compatible with Raman RunTime software are listed in the table
below. New configurations require Raman RunTime version 6.1 or higher, while older models are compatible with
previous versions.

Customers can use Raman RunTime software with existing older Raman Rxn analyzers, including non-embedded
four-channel RamanRxn2 and RamanRxn4 analyzers configured with either 785 nm or 1000 nm lasers. The 1000
nm non-embedded configuration includes a single-channel option; the 785 nm configuration does not.

To use Raman RunTime with non-embedded analyzers, operate it as the control platform via an optional external
controller, which may be the original HMI or the current HMI. Both controllers offer equivalent functionality. The
current HMI is also referred to as HMI2 in Endress+Hauser documentation, as described below.
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Base Unit Channels Controller Version Compatibility

Analyzer Rxn2 | Rxn4 | Four | Single | Embedded | HMI | Embedded 1(_)111*\iAinnal Ic_llll\fllient
Rxn 532 1 1 1 1 1 1 6.2+ 6.2+ 6.2+
Rxn Enclosure 532 - 1 1 1 1 1 6.2+ 6.2+ 6.2+
Rxn 785 1 1 1 1 1 1 6.0+ 5.1+ 6.2+
Rxn Enclosure 785 - 1 1 1 1 1 6.0+ 5.1+ 6.2+
Rxn Hybrid 785 1 1 - - 1 - 6.2+ - -
Rxn Hybrid Enclosure 785 - 1 - - 1 - 6.2+ - -
Rxn Hybrid Transmission 785 1 1 - - 1 - 6.2+ - -
l;)grsl Hybrid Transmission Enclosure - 1 - - 1 _ 6.0+ - -
Rxn Starter 785 1 - 1 1 1 - 6.2+ - -
Rxn 1000 1 1 1 1 1 1 6.0+ 5.1+ 6.2+
Rxn Enclosure 1000 - 1 1 1 1 1 6.0+ 5.1+ 6.2+
Raman Rxn 1000 1 1 - 1 - 1 n/a 5.1+ 6.2+
Raman Rxn Enclosure 1000 - 1 - 1 - 1 n/a 5.1+ 6.2+

3.2 User roles and access model

Each user account is assigned a role that defines its level of access to Raman RunTime features. Roles control access
to restricted functions such as acquisition settings, model selection, stream settings, diagnostics exports, and
calibration activities.

There are three user privilege levels: User, Operator, and Administrator. User is the most basic level, followed by
Operator with more privileges. Administrator can perform all actions. The privileges for each level are described
below:
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User Level Action

User = Change channel display name

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

= View diagnostics

= Perform exports including basic, diagnostic, and full

Operator User-level actions plus:

=  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

= Select from pre-loaded models and enable/disable prediction on specific channels
=  Restart

Admin No Restrictions. Operator-level access plus:

= Add/remove models

=  Configure models including changing the display name, enabling or disabling components, and setting
properties

=  Configure network

= Change system display name

=  Configure date and time

=  Configure Open platform communications (OPC)

=  Change security settings and manage users

=  Apply embedded software updates

Endress+Hauser 9
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4  System integration

This chapter provides essential information for integrating Raman RunTime into automation, data-handling, and
plant-level systems. It includes network configuration, automation interfaces (OPC UA, OPC Classic, Modbus,
HTTPS), and data-access mechanisms such as SPC exports and batch file handling.

4,1 Network and communication overview

4.1.1 Network prerequisites

Raman RunTime requires an active Ethernet connection for remote access, OPC/Modbus automation, and
network-based file handling.

Firewall rules must permit the ports relevant to the features in use (see Network configuration).

4.1.2 Logical connectivity

Raman RunTime does not require specific physical wiring instructions within this manual; physical installation
guidance is provided in the analyzer’s hardware operating instructions. This chapter focuses on logical network
communication only.

4.2 Automation interfaces
Raman RunTime supports multiple automation interfaces for data delivery and system integration:

s OPC UA. Recommended protocol for all new integrations. Supports full spectral transfer, diagnostics, and secure
communication.

= OPC Classic (DCOM or OPC DA). Provided for legacy applications only. Requires 0S-level configuration and
matching Windows credentials.
Modbus (TCP or RTU). Provides measurement, diagnostics, and model-prediction values.
HTTPS and remote access. Allow uploading and downloading supported files (models, spectra, configuration
files) through a secure browser connection.

4.2.1 HTTPS and remote access (web browser access)

Raman RunTime is accessible from a remote workstation through a desktop web browser, provided the system meets
the specified requirements.

4.2.1.1 C(lient system requirements
The remote Raman RunTime user interface can be accessed using Google Chrome or Microsoft Edge.

4.2.1.2 Remote access options

= Standard Access: Go to http://<IPaddress>:3593 or http://<hostname>:3593.
= Secure Access: Go to https://<hostname>:3594. The client must be able to resolve the analyzer hostname for
secure connections. Refer to the Network configuration & section for required open ports.

The analyzer’s IP address and hostname can be viewed and configured under Options > System > Network.

If security is enabled in Raman RunTime, all attempts to access the Standard remote URL are automatically
redirected to the Secure remote URL.

For quidance on avoiding privacy warnings, refer to the Certificates > & section for instructions on configuring trust
on client workstations.

4.3 Network configuration

Raman RunTime includes network-configuration options tailored to each analyzer platform.

The following firewall ports are used by Raman RunTime features. Ports for OPC Classic are assigned dynamically in
the indicated range; fixed-port behavior is only available for OPC UA.

Only open ports for features that will be used.
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Protocol Ports

OPCUA TCP 4840, 4843, 52601, 62886

OPC Classic TCP 135 and 49152-65535

Modbus TCP 502

File Sharing TCP 139 and 445

Remote Access TCP 3594, 4526 (Secure); TCP 3593, 4525, 5674 (Standard); UDP 3702

Bold ports are mandatory for the corresponding protocol; other ports enable extended functionality (for example,
discovery services).

The Network tab in System Settings configures communication between the analyzer and host network. Raman
analyzers support both dynamic host configuration protocol (DHCP) and static IP addressing.

Network

10.139.73.29

oo 1%

255,255.255.0

>

10.139,73,1

i

z
g
8

Network 2 (DISCONNECTED)
DHCP.

B0

z
2

IP Address 10.139.73.40 >

Mask 255.255.255.0 >

Gateway 10:129.73.1 >

T ==

Hostname EH-5IR1V7Q >

A0050200

Figure 1. System settings — network tab — DHCP

4.4 Automation connections for Raman Rxn2, Raman Rxn4, and hybrid
configurations
Raman RunTime provides network-connected clients with analyzer data and analyzer control functions.

OPC UA is the recommended protocol, offering secure transfer of large datasets (including full spectra), improved
diagnostics, and robust connection handling. OPC Classic (DCOM, also called OPC DA) is available for legacy support.

The Raman Rxn system must be connected to a network for OPC functionality. Network settings are available under
Options > System > Network.

4.4.1 Basic OPC connectivity

Raman RunTime exposes an OPC UA server that can be accessed by UA clients such as Raman data library. This OPC
connection allows users to view, control, and collect spectra from Endress+Hauser Raman Rxn analyzer systems
within Raman data library.

= Raman RunTime v6.4 or newer is required for OPC UA integration with Raman data library.
= Qlder versions can instead export spectra using the SPC spectral source mechanism.

4.4.1.1 Authentication
All OPC clients must authenticate with a valid Raman RunTime username and password.

4.4.1.2 OPC server configuration
1. From the dashboard, select Options > System.
2. Open the Automation tab.
B The built-in user kaiser-opc is always authorized for OPC access.

= The default password (opc) can be changed under Options > System > Automation.

Endress+Hauser 11
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= Additional OPC-authorized accounts can be created under Options > System > Security.

3. Configure OPC UA. UA clients connect using:
opc.tcp://<computer-name>

4. The hostname can be viewed or updated under Options > System > Network.

4.4.1.3 Supported OPC UA security algorithms

Raman RunTime supports the following algorithm suites for signing and optional encryption of OPC
communications:

s Basicl128Rsal5
= Basic256
= Basic256Sha256

4.4.1.4 UA Certificates

When a UA client connects to a Raman RunTime system for the first time, the client must accept—or trust-the
certificate presented by the OPC server. The methods for accepting the server certificate depend on the specific UA
client software.

The OPC UA server uses a self-signed certificate. As a result, many UA clients display a warning indicating that the
server's identity cannot be verified. This warning is expected. The user must accept the server certificate to establish
a connection.

The server certificate is linked to the Raman RunTime system’s hostname. If the hostname changes, the system
automatically generates a new certificate. UA clients must then trust the new certificate before reconnecting.

4.4.1.5 OPC Classic (deprecated)

OPC Classic clients can access full OPC functionality. However, OPC Classic requires additional configuration, and
client-side settings can easily interfere with communication—often in ways that are difficult to diagnose. The
underlying technology of OPC Classic can restrict installation flexibility. For these reasons, use OPC UA instead of
OPC Classic whenever possible.

The OPC Classic client application must run under credentials that exactly match the username and password of an
authorized Raman RunTime user. This requirement means that a corresponding Windows user account must exist on
the client workstation, and the Windows and Raman RunTime passwords must remain synchronized.

4.4.1.6 Asynchronous updates for OPC classic

In addition to responding to client polling requests, the OPC server can send asynchronous updates. In this mode, the
server notifies clients when the values of subscribed tags change, eliminating the need for continuous polling.

When using OPC classic, clients may fail to connect unless asynchronous updates are enabled. To enable
asynchronous updates, the kaiser-opc user must exist on the client workstation with a password that matches the
password on the Raman RunTime system. This requirement applies even if the client program does not explicitly
authenticate by using kaiser-opc credentials.

Client workstations must be located on the same TCP/IP subnet as the analyzer, with no network address translation
(NAT) between them.

If the kaiser-opc password is changed under Options > System > Automation, the Raman RunTime system must be

restarted under Options > System > General for the new password to take effect.

4.4.1.7 OPC tags
See Raman RunTime Automation OPC v7.0 to view the current list and history of OPC Tags for Raman RunTime.

4.4.2 Modbus map

The Raman Rxn2, Raman Rxn4, and Rxn5 analyzers provide automation data over:

= Modbus TCP (Ethernet)
=  Modbus RTU (RS-485 serial)

Model-prediction values can be mapped under Options > System > Automation > Modbus. In addition to prediction
values, other instrument diagnostic values are available over Modbus.
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See Raman RunTime Automation Modbus v7.0 to view the current Modbus Map for Raman RunTime.

4.4.3 HTTPS automation

See HTTPS Automation Interface v7.0 to view details on using HTTPS protocol to transfer supported file types to
Raman RunTime.

4.5 Automation connections for Raman Rxn5

Select the Automation tab within System Settings to configure:

= OPCUA
= Modbus mappings per channel

Automation

Default User Name

kaiser-opc
)
(50

Change Password...

A0050197

Figure 2. System settings — automation tab — OPC

Modbus output can be configured independently for each channel of the analyzer. Once the components and derived

values for a channel have been selected, the channel map provides the details of the assigned Modbus registers for
each component.

Automation

Automation

s I

z

izl

Bo

H

®
T

Date & Tim: Date & Time
Securiy Securiy

Serial A Settings ID:1 19200,E,8,1 > S Serial A Settings 1D:1 19200,E,8,1 >
Update Serial B Settings ID:1 19200,E,8,1 > Update Serial B Settings 1D:1 19200,E,8,1 >
c ose

Apply

I3

A0050198 A0050199

Figure 3. System settings — automation tab — Modbus (left), System settings — automation tab —Modbus channel map (right)
4.6 Data management

This section describes how Raman RunTime organizes and exposes data for use by external systems, including
network file shares, SPC exports, and batch-level data access.

Storage policies including retention, automatic deletion, and Continuous Operation storage behavior are defined in
Commissioning > B.

4.6.1 Data files and formats

Raman RunTime stores spectral data as .spc files. The software organizes spectral files by channel, batch, and
acquisition time.

Endress+Hauser 13



Operating Instructions Raman RunTime v7.0

When models are active, the software can also generate results files in .csv format.

4.6.2 Local data storage and storage indicators
Raman RunTime stores .spc files on the analyzer.

On Raman Rxn2 and Raman Rxn4 analyzers, local data files can also be accessed over the network (model and
configuration dependent).

To view system memory and free space, open System settings and view the General tab.

General

Instrument Name Raman Analyzer >

Be §45

Advanced

=

Calibrate Touch Screen...

I

z

Restart...

150

2
g

Shut down...

6

o
=
o
3

%

o

:E)

g

1)

8 GB (73% free) | aoos0192

Figure 4. General settings window for the Raman Rxn2 analyzer showing free memory (RAM) available (8 GB—73% free)

4.6.3 Network data access (batch export share)
When the analyzer is connected to a network, Raman RunTime exposes a file share at:
\\<computer-name>\DataLibraryBatchExport

The share contains one subfolder per acquisition batch.

4.6.3.1 Batch folder name format

Probe<#>_ <batch>_ <YYYYmmdd-HHmmss>

<#>: acquisition channel

<batch>: user-specified batch name

<YYYYmmdd-HHmmss>: timestamp for when the batch began

4.6.3.2 Spectrum file name format

s <batch> <YYYYmmdd-HHmmss>.spc
s <YYYYmmdd-HHmmss>: the timestamp for when the acquisition finished

4.6.3.3 Automatic export behavior

When the analyzer is connected to a network, Raman RunTime saves .spc files automatically to this share. Raman
RunTime creates batch folders and manages file naming automatically.

4.6.3.4 Access control

When Raman RunTime security is enabled, access to read or delete data in this share requires authenticated user
credentials.

4.6.4 Batch storage management and export

Raman analyzers are not intended for long-term storage. Export data reqularly to prevent storage limits from
interrupting data collection.

Each channel (stream) shows the storage used by existing spectral batches.

If storage usage interferes with data collection:
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= Configure the software to avoid storing spectra locally and transmit spectra through secure OPC UA to a PAT
system. Refer to Suppressing on-board spectral storage (OPC UA automation) > B.
s Jf OPC UA and a PAT system are not used, perform periodic offline data offloading.

4.6.4.1 Suppressing on-board spectral storage (OPC UA automation)

When storage usage interferes with data collection, configure the OPC UA client/PAT system to acquire spectra
without storing them in the local batch history. See External Raman RunTime Automation OPC v7.0 (4006019).

B Use this option when the PAT system collects spectra through OPC UA and the installation is designed to
minimize on-board storage growth.

To view batch space use

1. Inthe stream details pane, select Edit.
The Batch Management window opens.

2. Click the Pie Chart .

The view shows available memory and per-batch usage as a percentage. Batch data can also be exported from
this window. See Batch data export > B.

A0054363

Figure 5. Batch management screen showing batch data storage used and available

4.6.4.2 Batch data export
Export batch-level data to removable media (USB drive) or download it through remote access.

Exported files

= Spectral batch data: *.spc

= Model results (when models are active):
= Processvalues.csv

= Allproperties.csv

To export batch data to USB

1. Connect a USB memory device to the analyzer front USB port.
2. Inthe probe detail view, select Edit.

3. Select the batches to export, and then select Copy.

4. Browse to the USB drive, and then click Select folder.

4.6.5 Legacy export mechanisms (pre-6.4)

For analyzers running Raman RunTime earlier than 6.4, spectra can be exported automatically to Raman data library
using the SPC spectral source mechanism.

The mechanism requires:

= an input path monitored for new files
= an output path used after processing
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4.6.6 Integration considerations
When embedding Raman RunTime into a PAT, DCS, or SCADA environment:

Verify that data required by the external system is accessible through OPC UA, Modbus, HTTPS, or SMB shares.
Validate that spectra, batch data, and model-prediction files remain available as expected over time.

Confirm automation interfaces are receiving values consistent with operational states.

OPC UA: suppress on-board storage for acquisitions:

Parameter: Control.Acquire.ExcludeFromBatch (Boolean)

Command behavior: Trigger tags are pulses; sibling parameters are read when the trigger is received
Reference: External Raman RunTime Automation OPC v7.0 (4006019).
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5 Commissioning

All Endress+Hauser Raman analyzers use Raman RunTime firmware. Available functions may vary by analyzer
model. Product-specific differences are identified in the relevant sections of this manual.

5.1 Preconditions for commissioning

Before commissioning Raman RunTime, verify that the analyzer is correctly installed, powered, and accessible. The
analyzer must be in stable operating conditions to ensure that configuration settings, security options, and
calibration activities can be performed reliably.

5.1.1 Power-up state

The analyzer must be powered on and fully booted before commissioning begins. Confirm that the Raman RunTime
dashboard is displayed and that no system error states prevent access to system settings. If the analyzer has been
powered off or restarted, allow the system to complete its startup sequence before proceeding with commissioning
tasks.

5.1.2 Environmental stabilization

Allow sufficient time for the analyzer to stabilize after power-up. Environmental stabilization includes thermal
equilibration of the analyzer electronics and optical components. Performing commissioning steps before the
analyzer has stabilized may result in inconsistent behavior or require settings to be repeated later.

5.2 Initial access

Initial startup covers the basic configuration steps required to prepare Raman RunTime for commissioning. These
steps establish system usability, identity, and user interface accuracy before security configuration, calibration, or
data collection begins.

All actions in this section are performed locally on the analyzer using the Raman RunTime user interface.
Perform the following steps during first-time setup:

1. Connect power, Ethernet, and probes.

2. Calibrate the touch screen.

3. Configure network settings.

4. Set the date and time.

5. Customize the analyzer and probe names.

6. (Optional) Enable security.

For cabling and probe connection details, refer to the analyzer and probe documentation. Allow the system to
stabilize for at least 2 hours before starting calibration.

5.2.1 Calibrating the touch screen

Touch-screen calibration ensures accurate user interaction with the Raman RunTime interface. This step should be
performed during initial startup and repeated if touch accuracy degrades or if the display hardware is replaced.
Accurate touch input is required to reliably access menus and system settings during commissioning.

To calibrate the touch screen

1. From the dashboard, select Options > System.

2. On the General tab, click Calibrate Touch Screen.

3. Follow the on-screen instructions.

Bl For best results, use the edge of your fingernail for touch-point accuracy.

5.2.2 Setting date and time

Set the system date and time to ensure that timestamps for spectra, calibration records, diagnostics, and exported
files are accurate. Correct time configuration is essential for traceability and alignment with external systems.
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To set the date and time

1. From the dashboard, select Options > System.

2. Click Date & Time.
3. Choose one:

= Manually set the time, date, and time zone.
= Enable Time synchronization and enter a time server address.

4. Click Apply.

i

z
H

Date & Time
TIME SYNCHRONIZATION oFF on
DATE AND TIME
2022 Sep 4 08 47
| 2023 Oct 5 | I 09 48
2024 Nov 6 10 49
TIME ZONE
(UTC-08:00) Baja California
| (UTC-08:00) Pacific Time (US & Canada)
(UTC-07:00) Arizona
Apply

Figure 6. System settings — date & time tab

5.2.3 Configuring network settings

Configure the analyzer’s network identity, including hostname and IP addressing, so that the system can be uniquely
identified on the network. The hostname is used for remote access, automation interfaces, and file sharing. Network
identity must be established before configuring system integration or remote access features.

To customize network settings

1. From the dashboard, select Options > System.

2. Click Network.

o 15

,,
i Mo I
fodo dY) ¢

HEH

g
7

%

w
HEp |

g

2

iU

Network
Network 1 (CONNECTED) co:o1:45:08:07:00
18.139.73.29
255,255,255, 0
10.139.73.1
Network 2 (DISCONNECTED) ©00:01:45:04:07:AB.

IP Address 10.139.73.40 >

Subnet Mask 255.255.255.0 >

Gateway 10:129.73.1 >
IDENTITY

Hostname EH-5IR1V7Q >

Figure 7. System settings — network tab

A0050202

A0050200

3. To assign a custom host name, click the Hostname field, enter a new name, and click Apply.

4, (Optional) Enter static IP information and click Apply or use DHCP for automatic assignment.

5.2.4 Customizing the analyzer and probe names

Assign meaningful names to the analyzer and connected probes or streams. These names are used throughout
Raman RunTime, including dashboards, reports, calibration records, diagnostics, and exported data. Clear naming
improves usability and helps prevent confusion in multi-channel or multi-analyzer installations.

18
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To customize the analyzer name

1. From the dashboard, select Options > System.
2. Click General.

3. Select Instrument Name, enter a custom analyzer name, and click Apply.

General

{‘é} INSTRUMENT

Instrument Name
Analysis orr @D on
Analysis

] Advanced >

Raman Analyzer >

Calibrate Touch Screen...

Restart...

4 GB (68% free)

A0050192

Figure 8. System settings — general page
To specify names for each probe or stream on the dashboard
1. On the dashboard, select the title bar of the probe.
2. In the detail view, open the Settings tab.

3. Select Name, enter a new name, and click Apply.

Stream A 1 Stream A 1

Il Enabled (online) v

Methods

AirComposition532

A0054330

Figure 9. Stream details — settings tab (Raman Rxn2 and Raman Rxn4, left) (Raman Rxn5, right)

AD054331

5.2.5 Disabling unused channels and probes

In some cases, users may choose not to utilize all available channels on a Raman Rxn analyzer. Unused or
uncalibrated channels can issue warnings that place the entire system in a warning state. To ensure a clean system
status and avoid unnecessary warnings, disable any channels or probes that will not be used.

To disable an unused channel or probe

1. From the dashboard, navigate to Options > Calibration.
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Calibration

Internal Calibration

W Calibrate Periodically

Calibration Report

View... Save...

2023-09-21 17:18 B |oN v

not calibrated

Probe Calibration

2023-08-08 17:22

—z

not calibrated

. not verified

» I I

not calibrated

(o 2023-09-06 14:42 >

not verified

not verified

| Close

_ | noos9245

Figure 10. Channels 2, 3 and 4 shown unused/uncalibrated

2. Click the ON marker beneath each probe or channel number to toggle it OFF.

A disable channel dialog appears.

Disable Channel?

‘ Cancel H

Would you like to disable channel 3?

OK

A0049229

Figure 11. Disable channel 3 prompt

3. Click OK.

5.2.6 Customizing the X-axis (legacy spectroscopy models only)

For legacy spectroscopy models that support X-axis configuration, adjust the X-axis settings as required for the
application. X-axis configuration affects how spectra are displayed and interpreted and should be completed before
calibration and routine operation. This setting applies at the system level and does not require frequent adjustment

once configured.

This feature supports legacy models created with HoloGRAMS 4.2.0.12 or HoloPro 3.3.0.14.

B X-axis changes apply only to real-time analysis. Stored or exported spectra always use standard spacing.

To customize the x-axis

1. From the dashboard, select Options > System.
2. Select General > Advanced.
3. Select X-axis.
4. Choose a spacing value (0.3 cm-1 or 0.1 cm-1).
5. (Optional) Adjust lower and upper range limits.
6. Click Apply.
General > Advanced General > Advanced > X Axis
ADVANCED {é‘}
General Continuous Operation OFF oN Gooml Spacing (ecm-1) 1.0
Parallel Processing OFF oN ower Limit | Upper Limit
Aoehsn) ‘ Araye 100.0 3425.0
Legacy Cosmic Filter oFF on
LT Mionaion | | 50 100 3425 3450
é%ﬁ Disable USB Flash Drives OFF ON
D
oy Sty
i M
Updale Update
) D
G 8 GB (66% free) € 8 GB (60% free)
A0057592 A0057593
Figure 12. General > Advanced screen (left) and its X-Axis sub-screen (right)
20

Endress+Hauser



Raman RunTime v7.0 Operating Instructions

X-axis settings are applied when running any model or collecting a sample spectrum on any analyzer channel. The
customized x-axis also appears in real-time spectral data published through OPC. However, the customized x-axis
does not appear in on-screen spectral data plots or in spectral data stored on the system for later retrieval.

5.3 Security configuration

Security configuration controls access to Raman RunTime functions and protects system settings from unauthorized
changes. Security is optional and is disabled by default. When enabled, access to restricted functionality requires
authentication using authorized user credentials. User roles and privilege levels are defined in User roles and access
model.

5.3.1 Enabling security

Security can be enabled to block non-authorized users from performing Raman RunTime functions. When security is

enabled, a system administrator password must be set. This password is required to enable or disable security and to
create new user accounts.

When the administrator password is verified, system security is activated. Once enabled, Raman RunTime
automatically locks after 10 minutes of inactivity, requiring reauthentication to regain access.
To turn security settings on
1. Navigate to Options > System > Security.
2. Turn on Security.
A notice appears that states that a system administrator password must be set.
3. Click OK and enter a password for the system administrator. Verify the password in the second password step.

4. Record the system administrator password. It is required to turn security on and off, and to create new users.

. Set Password for System Administrator
Security
Enter New Password (]
General e
Security orr @D on q 8 P
hat
I d g
Analysis SYSTEM ADMINISTRATOR
= Change Password.. ]
S b 123 b
Automation
users PRIVILEGE LEVEL
p
= Ve .
Network Johnk
%ﬁ Wenz
Dste & Time 2usanC A0049213

Bethy

operator
S Anns
ﬁ MarkJ
Update GuofangL

) + - Change Password...

e A0049212

Figure 13. Setting up security

When the administrator password is verified, system security turns on. Refer to User interface > & for a description
of the Raman RunTime dashboard.

5.3.2 Restricting and locking access
When Raman RunTime is locked, access is restricted to the following features and a blue lock appears over them:

Pausing or stopping a batch
Acquisition settings

Model selection

Stream settings

Focus

System options

Exporting a new diagnostics report
Internal and probe calibration

The system can also be locked by clicking Lock in the lower left corner of the dashboard, next to the Raman Analyzer
name.
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To lock the system after enabling security
1. Click Lock System Now.

2. Click OK on the confirmation messages.

Security
Acquisition Batch =3
Ganeral
Security orr @D on
2

C SYSTEM ADMINISTRATOR
Analysis

— Change Password

=] Lock System Now

ey USERS. PRIVILEGE LEVEL
TestOperator User v
Network User
Operator
e
Date & Time

p Exposure Settings
Securty

C] Acquisiion | Anaiys
Updats d
SR e c— .
Close Raman Analyzer

Stream A

A0049214

Figure 14. Security settings and restricted access

5.3.3 Adding a new user

A0049215

When security is enabled, additional user accounts can be created with different access levels. New users are added
through the system security settings and are assigned a privilege level that determines which Raman RunTime

functions they can access. User accounts are managed locally on the analyzer.

To add a new user
1. On the Raman RunTime dashboard, select Options, then select System.
2. Select the Security tab and turn on Security.

3. Click Add (+) to create a new user.

Security
Generel Security orr @D o~
B
E SYSTEM ADMINISTRATOR
Analysis
Change Password...
(et users PRIVILEGE LEVEL
é%& TestOperator User <
Network User
Operator
%ﬁ Admin
Date & Time
Securiy
Update
5 + 5 Change Password...
Ciose

Figure 15. Security settings, adding users

4. Inthe Add User prompts:

= Enter a username, then click Next.
= (Create and confirm the user password, then click Finish.

0049214

5. Specify the Privilege Level for the user. For definitions, see User roles and access model.

The privilege level is applied to the new user.

5.3.4 Changing passwords

Users can change their own password from the login screen. To do so, click Change password in the lower-left

corner of the on-screen keyboard.

Raman RunTime system administrators change their own passwords using the same procedure.

22
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Enter TestUser's Password Enter System Administrator's Password

Password (-] Password o

A0049216 A0049217

Figure 16. Enter user password dialog box (left) and enter system administrator password dialog box (right)

Recover a lost or forgotten password (user)

If a user forgets their password, they must contact the Raman RunTime system administrator to request a reset. The
system administrator resets the password as follows:

1. From the Raman RunTime dashboard, navigate to Options > System > Security.
2. Sign in using a system administrator account.

3. Select the user who requested the password reset.

4.

Select Change password at the bottom of the screen and assign a new password.

Recover a lost or forgotten password (system administrator)

If a system administrator forgets their own password, they can initiate recovery from the administrator login screen:
1. Click I forgot in the upper-right corner of the password entry screen.

2. Note the displayed recovery code.

3. Contact Endress+Hauser Support and provide the recovery code.

4. Enter the reset code received from Support when prompted.
5

Select Authenticate, then set a new password on the screen that follows.

|Resetr d for Sy A inistrator

[ENTER RESET CODE (]

A0049243

Figure 17. Password recovery screen for a Raman RunTime system administrator

5.3.5 Managing certificates

Raman RunTime manages certificates for secure remote access by using a self-signed root Certificate Authority (CA)
certificate to encrypt HTTPS communications. This certificate enables secure connections between a Raman analyzer
and remote client workstations.

For managed environments, IT departments can deploy the Raman RunTime root CA certificate to client
workstations. Doing so establishes trust automatically and avoids the need for individual workstation configuration
each time a secure connection is made.

Each analyzer can use either:

= the default root certificate supplied by Raman RunTime, or
= acustom root certificate provided by the user.

The default root certificate is available on all analyzers running Raman RunTime v6.5 or later. Custom root
certificates can be transferred between analyzers. To simplify administration, it is recommended that all analyzers
accessed from the same client workstations use a single root certificate.

Both default and custom root certificates are managed in the Certificates tab within the Security section of the
Settings menu.
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5.3.5.1 Establishing trust between a workstation and an analyzer
To establish trust between a workstation and a Raman analyzer, first save the root certificate to a file. Then, add the
analyzer’s root CA certificate to the Trusted Root Certification Authorities store on the workstation.

5.3.5.2 Saving the root certificate

To save the root certificate

1. On the workstation, open a supported web browser and navigate to:
https://<hostname>:3594

If the analyzer’s certificate is not yet trusted, the browser displays a privacy warning. This is expected in secure

environments.

2. Select Advanced, then click Proceed to <hostname>.

The remote access dashboard appears.

B raman-123z3594/ndexhtml X 4

<« C @ raman-123xyz35%/indexhtml [CI0-GN R

Stream A = Stream B

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

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

- oo

o ]
Raman Analyzer

Figure 18. Remote access dashboard

3. Click Options, then Settings.
4. Inthe Settings screen, open the Security tab, then select Certificates.

5. Inthe root certificate section, click Save to export the active root CA certificate.

eﬁ A0050326

Security

i

General ROOT CERTIFICATE
@ Default

Raman RunTime Root CA
xpires 2043-07-25 (AGB3FO3ICE3SFUADESSFELEIENIERIAEDER1908)

Elvl.

Analysis Custom

New... Load... Save...

B

Automation
ANALYZER CERTIFICATE
RAMAN-123XYZ
expires 2624-03-10 (67D712D1CE2F84ER00SB03CDI 14228 BEE236E)

Network
Renew. Save.

ES

Date &Time

D

Securty

o]

Update

)

Close

users Certificates

Figure 19. Root certificate options

A0053972

B The certificate can be saved to a locally attached flash drive or downloaded to a remote client.
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5.3.5.3 Adding the root CA certificate to a workstation

To add the analyzer Root CA Certificate to the workstation’s Trusted Root Certification Authorities Store
1. Double-click the exported certificate file.
2. Inthe Certificate dialog, select the General tab and click Install Certificate.
3. Inthe Certificate Import Wizard, choose Current User and click Next.
a. Select Place all certificates in the following store then click Browse.
b. Select Trusted Root Certification Authorities, then click OK.
c. Click Next, then Finish.

4. When prompted with a security warning displaying the analyzer’s hostname, click Yes to complete the
installation.

5. Restart your web browser. When you navigate again to https://<hostname>:3594, the certificate should now be
recognized as installed and trusted.

Granting trust to the analyzer’s certificate is now complete.

5.3.6 Disabling USB flash drives

Raman RunTime provides the ability to disable USB flash drive usage as part of an overall security policy.
When USB flash drives are disabled:

= External USB storage devices cannot be used to import or export data.

= Model files, configuration files, and diagnostics cannot be transferred using USB media.
s Network-based transfer methods remain available, subject to system configuration and security settings.

Disabling USB flash drives is typically used in environments with strict cybersecurity or data-integrity requirements.
This setting persists across system restarts and is managed through system configuration rather than operational

controls.

To disable USB drives

1. From the dashboard, select Options > System.
2. Select General > Advanced.

3. Select Disable USB Drives.

4. Click Apply.

General > Advanced

i

e

Continuous Operation OFF oN

% ahl.

Parallel Processing OFF ON

>

i

Legacy Cosmic Filter OFF OoN

2
H
g

Disable USB Flash Drives oFF on

i

z
£

HEH

g
H

Close 8 GB (66% free)

A0057592

Figure 20. Advanced settings screen

5.4 Advanced system behavior

The functions described in this section control persistent firmware behavior of Raman RunTime. These settings affect
how the system behaves across restarts and are not operational actions performed during normal analyzer use.

Advanced system behavior settings are typically configured during commissioning and are not changed during
routine operation.
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5.4.1 Continuous Operation

Continuous Operation is a firmware behavior mode that configures Raman RunTime for uninterrupted data collection
without batch-based workflows.

When Continuous Operation is enabled:

Raman RunTime operates without explicit batch start and stop actions.

The user interface presents a batch-free experience, optimized for long-running or always-on process
monitoring applications.

= Data storage and retention behavior follow the system’s configured storage policy.

Bioreactor B Stream B

Collection Mode

A0061711 A0061712

Figure 21. Raman RunTime without batch start and stop actions

Because Continuous Operation changes how data is stored and managed, a destructive reset may be required when

enabling or disabling this mode. A destructive reset clears existing batch data to ensure that data structures remain
consistent with the selected operating mode.

Continuous Operation is intended for applications where the analyzer is expected to run continuously and where
batch demarcation is not required.

To configure Continuous Operation

1. From the dashboard, select Options > System.
2. Select General > Advanced.

3. Select Continuous Operation.

4. Click Apply.

General > Advanced

ADVANCED

14

9
g

Continuous Operation OFF ON

o

Parallel Processing OFF ON

z
5

Legacy Cosmic Filter OFF ON

HiE

H
g

Disable USB Flash Drives OFF OoN

H
2

2
g
i3
)
H

@

g
5

2

iU

8 GB (66% free)

A0057592

Figure 22. General > Advanced screen

5.4.2 Parallel Processing
Parallel Processing is a system setting that allows Raman RunTime to analyze one measurement while the analyzer

is collecting the next measurement. This behavior is consistent with the active collection mode.
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When Parallel Processing is enabled:

s The analyzer proceeds immediately from one measurement to the next without waiting for analysis to complete.
Spectral analysis and model processing occur in parallel with the next measurement.
Model results are recorded and published to the user interface and automation interfaces (OPC, Modbus) when

processing is complete.
Analyzer duty cycle is improved by increasing the fraction of time spent actively measuring the process.
Cycle times become more consistent and predictable.

For example, when collection of a spectrum on one channel is complete, the analyzer can begin collecting a spectrum
on the next channel while the previous spectrum is analyzed in parallel.

Parallel Processing is intended to improve system responsiveness and throughput in multi-channel or time-sensitive
applications.

B Enabling Parallel Processing may change the timing relationship between measurement completion and result
publication. Existing integrations that assume analytical results are published before a measurement is reported
as complete may require validation or adjustment.

To configure Parallel Processing

1. From the dashboard, select Options > System.

2. Select General > Advanced.

3. Select Parallel Processing.

4. Click Apply.

General > Advanced

General i Continuous Operation OFF ON

Legacy Cosmic Filter oFF on

Disable USB Flash Drives OFF oN

e 8 GB (66% free) A0057592

Figure 23. Advanced settings screen

5.4.3 Legacy Cosmic Filter

The Legacy Cosmic Filter is an optional spectral processing feature available in Raman RunTime v6.4 and later. It
enables the use of the original cosmic ray removal algorithm employed in pre-v6.4 systems, providing compatibility
for users validating historical data or calibration models developed using earlier software versions.

When enabled, the Legacy Cosmic Filter identifies and removes spurious high-intensity spikes caused by cosmic ray
interactions with the CCD detector. It operates by comparing multiple co-added exposures (accumulations) and
selectively averaging accumulations to suppress transient artifacts that appear in only one acquisition. This method
is effective for reducing false spectral features while preserving genuine Raman peaks.

By default, Raman RunTime applies an enhanced cosmic ray filtering algorithm that offers improved performance,
including real-time spike detection during single-scan acquisitions. The Legacy Cosmic Filter is disabled by default
and should only be activated when backward compatibility is required.

To enable the Legacy Cosmic Filter:

1. From the dashboard, select Options > System.

2. Select General > Advanced.

3. Select Legacy Cosmic Ray Filtering.

4. Click Apply.
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B The Legacy Cosmic Filter requires at least two accumulations per acquisition to function effectively. Use this
feature only when reproducing legacy results or troubleshooting model discrepancies.

Supported on all Raman Rxn2, Rxn4, and Rxn5 embedded analyzers running Raman RunTime v6.4 or later.
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6 Calibration and verification

Raman RunTime requires all internal and probe calibrations to pass before any spectra can be collected. Verification
is optional but is strongly recommended as part of routine performance checks.

6.1 Calibration and verification overview

Internal calibration (Rxn2/Rxn4/hybrid) ensures the analyzer’s spectrograph and laser wavelengths meet
specifications. Probe calibration (all analyzers) ensures each probe’s intensity and wavelength response is aligned
with a known reference.

Calibration is required:

at initial startup

after service or physical relocation

when verification fails

when diagnostics indicate calibration is invalid

6.1.1.1 Analyzer-specific behavior

Raman Rxn2, Raman Rxn4, and hybrid configurations support user-initiated internal calibration plus probe
calibration and verification.

Raman Rxn5 performs internal calibration automatically with every analysis. The Calibration screen displays
probe-related calibration and verification only.

6.2 Calibration screen
The Calibration screen shows the most recent verification status. Navigate to Options > Calibration.
Calibration windows differ by configuration:

=  Four-channel analyzer, see Figure 24.
= Single-channel analyzer and Hybrid configuration, see Figure 25.

Calibration

Internal Calibration Probe Calibration

[ e QR oo ]
v

2023-08-08 17:34 ON v  2023-08-08 17:22 v 2023-08-0817:46

T . T
ON

B Calibrate Periodically 1 not calibrated ! not verified

Calibrate...

not calibrated ! not verified

Calibration Report Calibrate...

not calibrated - not verified

Close |
A0048757

Figure 24. Calibration window for a Raman Rxn four-channel analyzer
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Calibration Calibration

Internal Calibration Probe Calibration Internal Calibration Probe Calibration

I rT— ———
N

< 2023-08-08 17:34 o

¥ 2023-08-08 17:22 v 2023-08-08 17:46

¥ 2023-09-06 13:52 ¥ 2023-09-06 18:02

W Calibrate Periodically

; S ON
W Calibrate Periodically v 2023-09-06 13:34 v 2023-09-06 14:50

Calibration Report Calibration Report

View... Save...

‘ Close ‘ Close ‘

A0048758 AD048759

Figure 25. Calibration window for a Raman Rxn single-channel analyzer (left), Raman Rxn analyzer with hybrid configuration (right)

B Probe-specific calibration devices differ. If your probe does not use the Raman Calibration Accessory (HCA), the
Intensity Calibration dialog will vary. Refer to the corresponding probe or optics documentation.

6.3 Internal calibration (Raman Rxn2, RamanRxn4, and hybrid analyzers)

Raman Rxn2 and Raman Rxn4 analyzers contain internal standards for spectrograph and laser wavelength
calibration. Three calibration modes are available:
Automatic

s [f already calibrated, this mode compares the analyzer response to specifications and applies a minor algorithmic
correction if slightly out of specification.

= If either the spectrograph wavelength, the laser wavelength, or both are out of specification, the analyzer
performs a full recalibration.

= [f uncalibrated, the analyzer performs an alignment calibration followed by full spectrograph wavelength and full
laser wavelength calibrations.

Recalibrate X Axis

Performs full wavelength and laser calibrations without checking whether the analyzer is within specification.
Recalibrate All
Performs:

= Alignment calibration
= Full spectrograph wavelength calibration
s Full laser wavelength calibrations

Afterwards, all probe intensity calibrations and verifications become invalid and must be repeated.

B Recommendation: Perform internal calibration at least once per day (1 day 00:00 hours).

6.3.1 Performing internal calibration

A CAUTION
» Before calibration, ensure all probes are capped.

To perform internal calibration
1. Under Internal Calibration, click Calibrate.

The Calibrate Instrument dialog appears.

Calibrate Instrument

Calibration Mode Automatic

Laser Power 400 mwW

‘ Cancel H Calibrate |
A0050329

Figure 26. Internal calibration standards for spectrograph and wavelength
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2. Choose one of the following:

= Initial startup: From the Calibration Mode list, select Recalibrate All, then click Calibrate.
Use Recalibrate All only during initial start-up or after the analyzer is moved or serviced.
= Routine calibration: From the Calibration Mode list, and select Automatic, then click Calibrate.

3. (Optional) To adjust the laser power setpoint, expand the Advanced list, enter the desired value for
Laser Power, and click Calibrate.

6.3.2 Configuring periodic internal calibration

1. Under Internal Calibration, click Calibrate.

2. On the Calibration screen, select Calibrate Periodically.

3. Use the time control above the periodic calibration setting to configure the frequency in one-hour increments.

6.4 Probe calibration
Probe calibration uses:

= the Raman Calibration Accessory (HCA), or
= aprobe-specific calibration and verification kit using a Calibration Reference Standard (CRS).

Refer to probe documentation for approved calibration devices. Follow the calibration device manual for detailed
calibration procedures.

B Important: When calibrating a channel, pause all other channels to prevent ambient or white light from
entering a probe and affecting measurements.

Probe Calibration for Channel 1 Probe Calibration for Channel 1

Tap to Enter Temperature

:
é

C or

Entered 72°F / 22.22°C

LTRSSl HCA-SNO000115 [2013-01-17]

| cancel || calibrate | | cancel || calibrate |

A0048762 A0054395

Figure 27. Probe calibration, HCA standard (left) and probe calibrator temperature (right)

6.5 Probe verification
Probe verification checks calibration performance against a known standard sample such as:

= 70% isopropanol (IPA)
= Cyclohexane
= Acetone (LNG only)

Passing verification confirms that the system meets baseline operational criteria. Verification is intended to identify
major issues or significant performance changes.

For application-critical validation, customers must also verify performance using application-specific models or
representative samples.

NOTICE

» Some standard reference samples can damage specific probes. Consult probe operating instructions for approved
verification materials and procedures.
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oo
Verifying

" Cancel ‘

AD050468

Figure 28. Verification timer

6.6 Raman Rxnb5 calibration and verification

The Raman Rxn5 gas analyzer automatically performs internal calibrations with each analysis. Therefore, the
Calibration screen displays only probe-related calibration and verification functions.

The Calibration screen lists:

= The most recent calibration and verification date and time
= Pass or fail status
s (Calibration and verification details

Use the Calibrate and Verify buttons at the top of each channel to perform a new calibration or verification. A new
calibration is typically required only when verification fails.

Calibration

Vverify...
oN o 2023-03-23 13:13 v 2023-03-23 13:23 [ >]

Calibrate...

2023-03-23 13:27 2023-03-23 13:32

Calibrate...

2023-03-23 12:33 2023-03-23 13:35

Calibrate...

2023-03-23 13:36 2023-03-23 13:39

‘ Close ‘
‘A0053990

Figure 29. Calibration window for a Raman Rxn5 analyzer

Before verifying any channel, disable the analysis for all channels as described in Data collection for the Rxn5 > B.

To calibrate or verify a channel, select Options > Calibration from the dashboard.

6.6.1 Viewing calibration or verification details

To view internal calibration or verification details
1. Click the date beneath Calibrate or Verify.

The calibrations screen displays the most recent calibrations or verifications displays for each method.

Calibration

ON v 2023-09-21 13:59 v 2023-08-30 03:19

Syngas Composition 2023-09-21 13:59 °

Air Composition 2023-08-30 03:16 °

Close

AD053847

Figure 30. Calibration reports for multiple methods on a Raman Rxn5 analyzer
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2. Select the entry to open the spectrum details view.

A detailed view of the associated spectrum displays.

b Calibration Channel 1 =
® 2023-03-23 13:13:30

500k

400k

300k

200k

500 1000 1500 2000 2500 3000 A0053848

Figure 31. Calibration spectrum details

3. Inthe details screen, you can:

= (lick the date button (upper-left corner) to export or add spectra.

= (Click the = menu (upper-right corner) to view calibration or verification details, including method and
reference.

4. Click outside the details window to return to the Calibration screen.

6.6.2 Verifying a channel

Verification functions as a calibration reference and is used to score the method’s performance against the known
composition of the reference gas.

To verify a channel

1. Inthe Calibration screen, click Verify.

Verify Channel

VERIFICATION STANDARD

Air Reference ¥

|AirComposit\'on532 V|

Ensure that the selected standard is presented to the probe!

Cancel Verify

AD053849

Figure 32. Verify channel selections

2. Select:

s Verification standard
= Method (analytical). Required for gas standards.

3. Click Verify.
The Verifying progress screen displays.

01:37.0
Verifying

‘ Cancel

AD050468

Figure 33. Verification progress

When verification is complete, the Calibration screen displays the results.

4. Click Close to return to sampling.
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6.6.3 Calibrating a channel

Before calibrating a channel for the first time, select the correct method and reference gas.

To calibrate a channel
1. On the Calibration screen, click Calibrate.

The Calibration dialog appears.

Probe Calibration for Channel 1

Intensity Reference [XeIlyW:\Ig

[ [eTe REeN e [oT ==l Air Composition

Cancel calibrate |

A0053850

Figure 34. Calibration dialog

2. Select:

= Intensity reference. For gas-phase applications, the intensity reference is the calibration gas associated

with the method.
= Method to calibrate:

= When the intensity reference is a gas, select the analytical method to which the calibration applies.
= When the intensity reference is a broadband calibrator (such as the Raman calibration accessory (HCA)),

no method selection is required.

= [f the selected reference gas composition does not contain the correct components for the method, an
error message appears. Select the correct reference to clear the error.

3. Click Calibrate.

The Calibration progress screen displays.

00:57.0
Calibrating

| Cancel |

A0051006

Figure 35. Calibration progress

The channel enters the Unverified state until verification completes. When calibration finishes, the Calibration

screen displays the results.

4. (Optional) Click > for a channel to view its calibration scores, the verification spectrum, or calibration spectrum.

Click outside of the window to return to the Calibration screen.

5. From the Calibration screen, click the Close button to return to the dashboard.

To resume sampling, re-enable the system as described in Restarting the system > B.

6.6.4 Adding and replacing calibration gas

When adding a new method to a channel, create a compatible reference gas for that method.

To add a new calibration gas
1. Select the appropriate channel and click Calibrate...

2. From the Intensity Reference list, select New Reference Gas....

34
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Reference Gases

Select Target Method

AirComposition532 >

Cancel

A0051010

Figure 36. Select target method

3. Choose a target method.

The Set Composition dialog opens with a component list based on the selected method. All composition values
default to 0.000 mol %.

4. Inthe composition dialog, enter:

= Reference gas name
= Composition values (must sum to 100%)

5. Click Save.
The new reference gas appears in the Gas References dialog and in the Reference list within the Calibration
Parameters dialog.

To replace a calibration bottle
Use the Calibration screen to update the calibration gas composition when replacing an existing bottle.
1. On the Calibration screen, click Calibrate for the desired channel.
The probe calibration screen displays.
2. From the Intensity Reference list, select the gas to update.
3. Click Edit.

Reference Gases

Set Composition
Name Air Reference >
Delete

COMPONENT %COMPOSITION  TOLERANCE

N2 78.000 1.000
02 20.060 1.000
Other 1.000 1.000

coz 1.000 1.000

Total 100.000 | Remaining 0.000

Cancel

A0051009

Figure 37. Set reference gas composition

4. Update composition values (must total 100%).
5. Click Save.
6.7 Calibration and verification reports

To view reports
1. Inthe lower-left corner of the Calibration screen, click View.

The summary section of the internal calibration report appears at the top of the screen.
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On the Calibration screen, click Save to export the report as a .pdf file to a USB memory stick.

2. Scroll through the report.
3. Click Close to exit.

To export reports

[ ]

[ ]

Reports can also be accessed remotely through a network Raman RunTime connection or via OPC.

Calibration Report

Endress+Hauser (2]

Instrument Name Raman 785 [oT
Rxn 785

Model

Serial Number

123454321

Channel 1:  Bioreactor A
Channel 2:  Bioreactor B
Channel 3:  Bioreactor C
Channel 4:  Bioreactor D
Channel Intensity Verification
1 PASSED PASSED
2023-08-08 17:22 2023-09-06 14:42
2 PASSED PASSED
2023-09-21 17:44 2023-09-21 18:09
3 PASSED PASSED
2023-09-21 18:13 2023-09-21 18:23
4 PASSED PASSED

2023-09-21 18:16

2023-09-21 18:20

Internal Calibration

: PASSED
Allgnment 2023-08-08 16:47
PASSED
WaVeleIlgth 2023-09-21 17:17
Laser PASSED
2023-09-21 17:18

To view probe verification results

1.
2.

3.

36

Select Options > Calibration.

Figure 38. Calibration and verification report

Under Verify, click the status field to open the probe verification report.

Select the Spectrum tab.

@ Verification Channel 1

@ Passed
2023-08-08 17:46
Peak Positions
Measured Expected Delta Tolerance Result
em-1 em-1 em-1 em-1
374.30 374.20 +0.10 1.00 Pass
490.09 489.74 +0.35 0.50 Pass
818.63 818.32 +0.31 0.50 Pass
950.66 950.10 +0.56 1.00 Pass
1131.19 1130.80 +0.39 0.50 Pass
1452.82 1452.50 +0.32 0.50 Pass
2725.22 2725.20 +0.02 1.50 Pass
2884.16 2884.00 +0.16 1.30 Pass
2977.06 2977.00 +0.06 1.00 Pass
Band Area Ratios
Band Measured Expected Delta Tolerance Result
em-1 Rel. Area Rel. Area Rel. Area Rel. Area
[778-858] 1.000 1.000 0.00 0.000 Pass
[468.3-594.5] 0.130 0.130 0.00 0.055 Pass
[889.9-995] 0.379 0.390 +0.01 0.028 Pass
[1030-1235] 0.518 0.524 +0.01 0.039 Pass
[1235-1580] 1.271 1.310 +0.04 0.200 Pass

Figure 39. Probe verification report

A0048782

A0053933
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@ Verification Channel 1 =
2023-08-08 17:46:43 A Anal Passed
e 2023-08-08 1746
16k
14k
12

10k

500 1000 1500 2000 2500

Results Spectrum |

Figure 40. Probe verification spectrum viewer

3000

AD048779

4. Choose one of the following:

= (Click the date/timestamp button in the upper-left corner to add a spectrum or to export the verification

spectrum. Adding a spectrum allows you to overlay and analyze differences between spectra.

Use Export to save the verification spectrum to a USB memory stick connected to the front and rear USB
ports. You may also export to a network-connected drive as an .spc file.

s (lick Analyze to view or apply a model.
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7 Operation

All Endress+Hauser Raman analyzers use Raman RunTime firmware. Available functions may vary by analyzer
model. Product-specific differences are identified in the relevant sections of this manual.

This chapter discusses methods for collecting and viewing data through Raman RunTime. It is divided into two
sections:

= Data collection for Raman RxnZ2, Raman Rxn4, and hybrid configurations
= Stream details for the Raman Rxn5

This chapter also provides instructions on loading and managing analytical models and methods in Raman RunTime.
Raman Rxn2, Raman Rxn4, and hybrid configuration systems enable the use of models outlined in the section below.
Raman Rxn5 analyzers use methods created in the Endress+Hauser Raman Method Designer (RMD).

7.1 User interface overview
The Raman RunTime dashboard is divided into quadrants based on the analyzer configuration:

= Four-channel analyzers display four quadrants. Each quadrant represents a probe or stream and includes a
status bar that provides a quick view of warnings and acquisition status.
Single-channel analyzers display one main channel or probe window.
Hybrid analyzers display two windows—one for the Rxn-20 probe channel and one for the alternate (ALT) probe.

Stream A Stream B Stream A

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

Stream D

Options >
Raman Analyzer

A0048754 A0050084

Figure 41. Raman RunTime dashboard in a Raman Rxn2 or Raman Rxn4 four-channel analyzer (left) and Raman Rxn5 analyzer (right)

You can view analysis details directly from each probe or stream window. To switch between the dashboard and
batch detail views, click the title bar of the probe or stream. To toggle between current spectrum and process
values (model results), click the stream window.

System settings, calibration tools, and diagnostics are available under Options.

7.1.1 Analyzer status indicators

The circular Status button at the bottom center of the main screen indicates analyzer health. It has three states:

= Green (OK). Indicates normal operation with no detected issues.

AD049199

Figure 42. Green OK status indicator

= Yellow (Warning). Indicates a caution condition. Select the Warning indicator to view details.
If unused channels or probes are present, the yellow status indicates uncalibrated channels. Disable unused
channels to remove this warning. Refer to Unused channels and probes > B.
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ion: Probe 4 does not have a valid Intensity

libration: Probe 3 does not have a valid Intensity

O libration: Probe 2 does not have a valid Intensity
Calibration.

A0049200 A0049201

Figure 43. Explanation for yellow warning

= Red (Error). Indicates a serious condition requiring immediate attention. Select the Error indicator to view the
error description. The error message clears automatically after the issue is resolved.

()
5 Analyzer Status
Stream C Detect -ation (signal strength): 93 is too high. This
should not be g an 80, and must never be greater than 90

A0049202 A0049203

Figure 44. Explanation for red error

Raman analyzer progress bar

The progress bar appears in the lower-right corner of the dashboard and detailed views. It updates continuously with
the remaining acquisition time. The lower portion of the bar displays the current system date and time.

A0050184

Figure 45. Progress bar

7.2 Data collection for Raman Rxn2, Raman Rxn4, and hybrid analyzers

In Raman Rxn analysis, a batch is a collection of data acquired over a defined time period with a clear start and end.
Batches are commonly used for applications such as reaction monitoring and process analysis.

During an active batch, data collection can be paused or stopped at any time:

=  Pause temporarily suspends data collection without ending the batch. The batch can be resumed later.
= Stop ends the batch permanently. A stopped batch cannot be resumed.

When data collection is paused or stopped, Raman RunTime automatically advances to the next probe in the
sequence or waits until the next scheduled acquisition, depending on the selected collection mode.

Data collected in continuous, focus, snapshot, or manual collection modes are not considered part of a batch. Batch
names can contain up to 60 characters.
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7.2.1 Collection modes

Raman RunTime supports the following data collection modes: Manual, Continuous, and Periodic. Batch settings for
collection and exposure parameters are saved to simplify the setup of future batches.

Collection behavior may differ between probes. Mode-specific behavior and the impact on probe sampling sequences
are described in the following sections.

Exposure parameters must be specified for all batch-based collection modes.

= Exposure length: Duration of a single laser exposure
= Count: Number of exposures combined to generate one spectrum (also referred to as accumulations)

Select the exposure length to avoid detector saturation. Increasing the count improves the signal-to-noise ratio but
increases the total acquisition time. Determine the optimal count by balancing data quality with the required
acquisition time per analysis.

= Recommended detector saturation range: 40 % to 70 %
= Avoid saturation below 10 % or above 80 %

Exposure settings can be changed during an active experiment. Pausing the batch is not required; updated settings
take effect with the next acquisition.

Focus and Snapshot collections are available as diagnostic and setup tools.

7.2.1.1 Manual mode
Manual mode is used when sample timing is controlled by the operator rather than by a fixed schedule.

Use Manual collection mode to acquire spectra by selecting Acquire. You can assign a batch (experiment) name to
group manually acquired spectra for storage. You can also assign an optional sample name to each spectrum.
To acquire spectra manually
1. Navigate to the Probe Details screen.
2. Click Edit to create a new acquisition batch.
3. In the batch management window, click New.
The enter batch name dialog appears.
4. Enter a unique batch name and click Apply.

Acquisition Batch m
Stream A Batch 2

Jun-19 09:13
n/a
2409

uu

Collection Mode

@ Periodic 60m 00s

Exposure Settings

Figure 46. Manual collect mode options
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5. Enter the manual collection mode settings:

a. Under Collection mode, select Manual.

b. Click Play E

6. Adjust acquisition settings and collect spectra:

a. Adjust the Length and Count values under Exposure Settings.

S CtEm |l "t T EB
[ J L J

Figure 47. Exposure settings as described with length (left) and count (right)

A0048798 0048799

b. (Optional) Click + next to Acquire and enter a sample name.

Enter Manual Acquisition Name

(LN Sample 1

Figure 48. Keyboard that pops up to rename the sample

7. Click Acquire to collect a spectrum.

8. Click Stop B to end the sequence of manual samples stored together.

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

7.2.1.2 Continuous mode

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 control when models are active.

In Continuous mode:

= Spectra are collected repeatedly for each active probe.
= The probe sampling sequence may be affected by pausing, stopping, or restarting the system.
= If the order of probe sampling is critical, Periodic mode is recommended.

Buffered acquisition

Buffered acquisition allows spectra and model results to update more frequently without reducing accuracy or
repeatability. The following examples illustrate how buffered acquisition affects update frequency without changing
the total acquisition time:

= With exposure settings of 10 s x 60 and 1 buffered acquisition, spectra and model results update only after the
full acquisition cycle, approximately every 10 minutes.

= With exposure settings of 10 s x 6 and 10 buffered acquisitions, spectra and model results update approximately
every 1 minute.

s In both cases, each reported spectrum represents 10 minutes of total acquisition time, because each update
combines ten acquisitions of 10 s x 6.

The Buffered acquisitions setting defines how many consecutive acquisition cycles are combined to produce each
reported spectrum. When buffered acquisition is enabled:

s Individual acquisition spectra are added together to form a single, combined spectrum.

s The combined spectrum and associated model results are updated at the end of each acquisition cycle.
s Only the combined spectrum is reported; individual acquisition spectra are not reported.

= Active models operate on the combined spectrum rather than on individual acquisitions.

Buffered acquisition is not recommended for applications that require long collection intervals when more than one
probe is active. As acquisition alternates between probes, combining consecutive acquisitions for a single probe can
include outdated process data if other probes have long acquisition intervals.
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To achieve the same total acquisition time as non-buffered acquisition, reduce the Count setting and increase the
Buffered acquisitions setting while keeping the product of the two values constant.

Setting Buffered acquisitions to the default value of 1 disables buffered acquisition. In this case, Raman RunTime
performs conventional acquisition, and each spectrum is independent of previous spectra.

To set up a continuous collection

1. Create a batch under Edit > New and specify a new batch name.

2. Set the collection mode to Continuous.

3. Enter the exposure and buffer settings. For information on buffered acquisitions, see buffered acquisition > B,
below.

Collection Mode

O Continuous

@ Periodic

® Manual A Acquire | +

Exposure Settings

Figure 49. Collection mode details for continuous mode

A0048903

4. Repeat for all active probes and click Play in the desired probe sequence.

7.2.1.3 Periodic mode

Periodic mode acquires spectra at defined time intervals. It is typically used during method development or process
monitoring when acquisitions must align with samples drawn from reactors or other timed process events. Buffered
acquisition is not available in Periodic mode.

To set up a periodic batch

1. Create a batch under Edit > New and specify a new name.

2. Set the collection mode to Periodic.

Collection Mode

® Continuous

O Periodic 60m 00s

® Manual 3 Acquire | +

Exposure Settings

Figure 50. Periodic mode batch details

A0049194

In the example shown here, periodic acquisition is scheduled for 60 min.
The batch details show when the next acquisition is due and how many counts of spectra have been collected
for the current batch.

= If spectral acquisition is active in Periodic mode, the Next Acquisition Due reads “now.”

3. Set the exposure settings and acquisition period.
4. Repeat for all active probes and click Play in the desired probe cycle order, for example, 1, 2, 3, 4 or 1, 3, 2, 4.

7.2.2 Setup and diagnostic acquisition tools

The following functions are provided for diagnostic and setup purposes. These tools do not collect batch data, and the
spectra acquired using these functions are not stored. They are intended for system setup, probe alignment,
verification activities, and quick checks.
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7.2.2.1 Focus mode

Focus mode is used to position non-contact optical probes and to determine appropriate collection settings for a
specific sample or process. Spectra acquired in Focus mode are not stored; they are intended for visual evaluation
only. Before using Focus mode, consult the probe documentation to ensure the probe is configured correctly.

While Focus mode is active, the spectrum and current signal value update continuously on the screen. The update
rate is controlled by the blue Detail slider, providing dynamic feedback on signal level during probe alignment.

Focus mode does not require exposure settings because it is used to determine an appropriate exposure length.
To use Focus mode

1. Position the probe at the sample and click Focus in the probe details view.

A suggested exposure range displays. The example below shows 1.7s to 3.0s for a sample of 70 % IPA.

Stream A

A0048787

Figure 51. Focus mode example

# | Description # |Description
1 | Current signal 3 | Maximum signal
2 | Detail slider 4 | Suggested exposure display

2. Move the blue Detail slider to adjust the focus time as needed.

B Samples with weak signals may provide more information with slower focus settings.
3. Using feedback from the signal and max values, reposition the sample or probe to achieve the highest signal
level.

s The signal and max values compare the current signal level with the highest signal measured during the
current focus session.
= The current signal changes as the probe or sample is repositioned. When the current signal exceeds the
previous maximum, the max value is updated.
= When the current signal equals or is close to the max value, the system is at optimal focus and produces the
highest signal-to-noise ratio.
4. Click Reset to reset the maximum signal.

5. Click Stop to exit focus mode.

7.2.2.2 Snapshot mode

Snapshot mode functions similarly to Focus mode in that spectra are not stored. It enables quick, single-spectrum
acquisitions to measure laser power, test exposure length and count settings, or rapidly assess spectral quality, either
visually or by applying a model.

Snapshot mode is recommended for in situ verification of starting materials, particularly during long-duration
experiments such as bioprocesses. It allows rapid verification without modifying batch exposure settings.

To access Snapshot mode

1. From the dashboard, click a probe title bar to open the probe detail view.
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The probe detail view with spectral plot displays.

2. Click anywhere within the spectral plot.

The spectra overlay plot appears.
E% Stream A
@ 2022-06-20 09:06:54 dlsiare

o

s00 1000

P—— (00 6 0]
A0048788

Figure 52. Snapshot mode options

3. Click Snapshot.
4. Select an exposure length and count, then click Acquire.
If an experiment is in progress, the snapshot spectrum overlays the most recent spectrum. Snapshot spectra are not
saved as part of the current batch; they are for on-screen evaluation only.
To overlay the snapshot spectrum over spectra from previous batches or experiments
1. In Snapshot mode, click the spectrum name displayed as a blue date and time in the top right header.
Clicking the spectrum name located to the left of Analyze button displays the selected spectra drop-down list.

EE Stream A

@ 2023-10-31 22:47:31 B @ snapshot...
Selected Spectra

2023-10-31 22:47:31 QK

300k

[Export | add |

Options b

Raman Analyzer

A0054346

Figure 53. Select spectra in Snapshot mode

2. Click Add and browse to select the reference spectra.

The select batch dialog displays.

3. Select the batch you wish to overlay.
The select spectrum dialog displays.
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-
(] Stream A
@ T Beecics ) suopstor.

Select Spectrum
Stream A Batch 6.4

2023-10-05 21:17:39
v 2023-10-05 21:16:58
2023-10-05 21:16:18

2023-10-05 21:15:36

First ¢ Page 10f 3 > Last

1131 acquisitons (2/20) cancel || select

500 1000 1500 2000 2500

= p—]
r DO O C
CXXX>

- A0054347

Figure 54. Select spectrum in snapshot mode

4. Select the spectrum you wish to compare. Click Select.

When a new snapshot is collected, it automatically becomes active and is displayed in blue. The snapshot displays the
principal spectrum, which can be changed by selecting/highlighting it in the spectrum list.

Multiple spectra can be added to the overlay, but only a single spectrum is distinguished as the active spectrum. The
active spectrum is always blue and listed by name in the header.
To apply a model in Snapshot mode

Applying a model in Snapshot mode is ad hoc analysis. During ad hoc analysis, only the principal spectrum will be
processed by the selected model.

1. In Snapshot mode, click Analyze.
Available models are listed in a Models dialog.
O

o0 Stream A
@ 2023-10-31 23:21:20 & Analyze @ snapshot...

SATURATION Models
5800112REV20210127 RXN RMD
00k Acetonesurrogatef Method
en

Test Model

500 1000 1500 2000 2500 3000

o © |

G

Raman Analyzer

A0056273

Figure 55. Analyze function in snapshot mode
2. Select a model.
The model dialog lists its components.

3. Expand or collapse sections to view component attributes.

To exit the spectra overlay view, click anywhere on the quadrant name or click Exit @

7.2.3 Dark exposures

Dark exposures remove non-sample signal contributions from the measurement. The detector wavelength
determines how you should handle dark exposures.

Detectors operating at 532 nm and 785 nm have stable dark levels, so dark exposure handling is minimal and largely
automatic. 1000 nm detectors exhibit less stable dark levels and require additional dark-exposure management.
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Allow the analyzer to stabilize before collecting dark exposures:

= After startup, allow 2 hours of stabilization before collecting a dark exposure.

= After relocation, allow at least 24 hours for stabilization with the laser power on before collecting a new dark
exposure.

= (This does not apply to short cart relocations for Raman Rxn2 systems.)

To collect a dark exposure for routine reuse, ensure the analyzer and laser remain on for 2 hours if the laser has
previously been turned off.

7.2.3.1 Dark exposures for Raman Rxn2 (532 nm and 785 nm analyzers)

These systems use a single, user-initiated dark exposure configuration available under
Exposure Settings > Advanced.

The Status indicator shows whether a dark exposure is active and how much time remains.

= Leave Force New Dark cleared. This is the default and recommended configuration.
s Selecting Force New Dark collects a new dark exposure for every spectrum. This is not recommended because it
doubles the acquisition time.

Dark exposures are automatically collected at the start of acquisition whenever the exposure length or count setting
changes.

s [f a stored dark exposure exists for the same exposure length and count, Raman RunTime reuses it.
= To expire a stored dark exposure and force a new one, enable Force New Dark for one interval, then disable it.

In Continuous or Periodic mode, Raman RunTime collects the dark exposure at the start of the first acquisition and
reuses it for subsequent spectra. As a result, the first acquisition interval takes approximately twice as long as
subsequent intervals.

7.2.3.2 Dark handling for Raman Rxn (1000 nm analyzers)

For 1000 nm systems, dark exposures are collected automatically at the end of every acquisition. The number of dark
exposures is configured under Exposure Settings > Advanced.

Dark subtraction removes non-sample contributions caused by detector dark current when the number of dark

exposures is approximately half of the count setting.

= Trailing dark exposures (collected after the sample) are combined with leading dark exposures (collected before
the sample).

s Trailing dark exposures from one acquisition become leading dark exposures for the next acquisition to reduce
dark-collection time.

New leading dark exposures are collected when:

= The exposure length has changed since the most recent dark exposure.
= More than 10 minutes have elapsed since the most recent dark exposure.
= Force New Dark is selected.

Because leading dark exposures are conditional, acquisition times may vary, particularly:

= At the start of a new experiment
= After rebooting the analyzer
= When using Manual or Periodic collection modes

Use Force New Dark when consistent acquisition timing is more important than minimizing total acquisition time.

7.3 Data collection for Raman Rxn5 analyzers

The RunTime dashboard for Rxn5 displays the most recent results for each of the four streams. Each stream’s data is
displayed in a separate quadrant.

The quadrant display for a given stream shows the percent of each component in that stream as determined from the
last analysis of that stream, as well as optional derived values such as Gross Heating Value and Wobbe Index. The
time stamp of the last sample is also displayed. The Options menu provides access to system settings, diagnostics,
and calibration.
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Finally, a large indicator in the lower left corner of each quadrant displays the current sampling status of that
stream. The indicator displays Ready with an orange background when a stream is ready to collect data, Disabled
when a stream has been disabled, and Prepare when the Raman Rxn5 analyzer is preparing a sample for acquisition.

1
2
; ] 4
A0050084
Figure 56. Raman Rxn5 dashboard

# | Description # |Description
1 | Details icon 3 | Status button
2 | Sampling status indicator 4 | Progress bar

For the Raman Rxn5, global data collection settings are found on the system settings screen. Detailed settings can
also be set based on the channel.

The Analysis setting allows an advanced user to enable or disable analysis for all channels of the instrument.

To turn analysis on or off

1. From the dashboard, click Options then click System to view the System Settings screen.

General

General Instrument Name Raman Analyzer >
&) Analysis orr @D on
Analysis

Advanced >

Calibrate Touch Screen...

Network Restart...

o 4 GB (68% free) A0050192

Figure 57. System settings — general page

2. Click the Off —On toggle to enable or disable analysis for all channels of the instrument.

7.3.1 Stream detail view

The Stream detail view displays additional information for a particular stream. Each section of the stream detail view
is discussed below. The stream detail view has three tabs: Analysis, Sampling, and Settings, which are described in
the following sections.

To access the stream detail view, click the Details icon from the dashboard. To return to the dashboard, click the
Quadrants icon in the upper left corner of the Stream Detail View.
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7.3.2 Analysis tab

The Analysis tab displays the analysis and spectrum from the most recent acquisition. It also shows the average
temperature and pressure from that acquisition. These values update at the end of the acquisition cycle, together
with the other data.

The tab also displays detector saturation. In the gas phase, detector saturation increases as sample pressure
increases. Use detector saturation to optimize analyzer performance.

Stream A

Analysis | S
[ ] >

Figure 58. Stream detail — analysis tab

# | Description # |Description

1 | Quadrants icon 4 | Average probe temperature,
pressure, and detector saturation

2 | Components measurement

3 | Trends 5 |Progress bar

7.3.3 Trends

The Trends window displays a trend chart of the stream components for a selected time period.

Stream A 1

ePrincipal Trend History: ©Comparison Trend:
@ co2 v |8 Hours v| |02 v

|
-]

22:30 23:00 23:30 00:00 00:30
Sep 8, 2023 Sep o, 2023

[ oo |
CXXXD
aman Analyzer
'A0050186

Figure 59. Stream detail — trends tab

Select a principal trend, a time frame, and a comparison trend on this screen:

= Principal trend. Select the component you want to view as a principal measurement trend.

= History. Select the time period to display on the graph, from 8 hours up to 10 days.

= (Optional) Comparison trend. Select the comparison trend you want to view. This option can only be selected if
a Principal trend has been selected.
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7.3.4 Sampling states and sequences

The sampling tab enables operators to coordinate the Raman Rxn5 analyzer with the sampling system. You can
define individual sampling states and set up analysis sampling sequences using those states. Each stream is
configured independently.

7.3.4.1 Creating sampling states

Users with operator permissions can create, modify, and delete Sampling States as well as Sampling Output signals
within the states. Sampling States are mutually exclusive. The Sampling States sub-tab is shown below.

Each Sampling State consists of one or more Sampling Output signals. Each Sampling Output signal consists of a
Signal to Send, which is True or False, and the Time to Wait, which is the pause in seconds or minutes before
sending the next signal, for up to four digital outputs.

DD Stream A 1
Analysis Sampling Sequence Sampling States.
e 4
Signal to Send Time to Wait
l T+0'00" Sampling Output 1 00s
Sampling Output 1 v
FALSE TRUE
2 e time to enter state is 00s| gl 5

A i
1| ‘A0050187

Figure 60. Sampling states tab showing states sub-tab

# | Description # |Description

1 |Sampling outputs 4 |Rename or delete sampling state

2 | Add or remove sampling output 5 | Arrows to move sampling outputs up or down
3 |New state button

To create a new sampling state

1. Navigate to the Sampling States tab from the Stream Details screen.

2. Click the New State button.

3. Using the on-screen keyboard, enter a meaningful name for the new state, for example, “Stream to Bypass”.
4. Click Apply.

To rename or delete a state, select it by tapping its row and then clicking the Rename button or the Delete button.

To create a new sampling output signal for a particular state

1. On the Sampling States screen, select the sampling state you want to modify.
2. Click Add.

3. Select the following for each sampling output signal:

= Select either True or False.
= Select a Time to Wait.

4. Click Apply.
To remove a sampling output signal
1. Select the signal you want to remove.

2. Click the Remove button.

A confirmation dialog appears.
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3. Click OK.

7.3.4.2 Creating sampling sequences
The Analysis Sampling Sequence tab enables operators to configure the sampling sequences, including determining
the order of the sampling states and the amount of time for the sampling system to remain in a given state.

|
| Stream A 1

State to Enter | Entry Time | Hold Time

T+0'00" [Stream to Bypass v 00s 00s

T+0'00" |Stream to Probe v 00s 00s

T ——
1] — == Default State 2
Analysis | Sampling | Sef
—
8 A0050189

Figure 61. Analysis sampling sequence tab

# | Name Description

1 |Idle state The state between one cycle and the next during live analysis. For the Rxn5 analyzer analysis is
continuous, and you do not need to change the Idle State setting from its default state of <none>.

If you do need to set the Idle State, click the drop-down list to select the desired state. States are created on

the Sampling States tab.
2 | Default The state a stream goes into when it is disabled. Click the drop-down list to select the Default State.
state Consult best practice guidelines to select the Default State, for example, to best conserve the product when

the stream is disabled.

7.3.5 Stream settings
The Settings tab shows settings for analysis states and parameters for a stream.

Methods

All methods available for this stream are displayed on the left half of the Stream Detail screen. Selecting the check
box next to a method enables that method to process collected data and present results.

Analysis
The Analysis list allows the advanced user to set the analysis state of each stream. Options include:

Disabled. Stops analysis from occurring for that stream.
Enabled (online). Starts analysis for the stream. The enabled option means results are available to an external

DCS if it has been configured.
= Enabled (offline). Starts analysis for the stream. Enabled offline does not send results to an external DCS. The

enabled offline feature is used while servicing an instrument.
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Stream A 1

is. Enabled (online) b4

Methods

AirComposition532

Figure 62. Stream detail settings tab

7.4 Model configuration and results

The following sections describe how analytical models and process values are configured and used in Raman
RunTime. These concepts apply to all supported analyzers and are required for viewing, exporting, and integrating
model results.

7.4.1 Naming model and process values

Model titles and y-variable names, called process values in Raman RunTime, should be changed in the final models to
reflect the desired display names and OPC tags. For OPC communication, it is important to use a consistent naming
scheme because each time a model title or assay name is changed, the OPC tags change accordingly (and need to be
reconfigured for OPC communication).

Use the following recommendations for process values:

Include units, for example g/L or mM. Model outputs within Raman RunTime do not automatically display units.
Avoid using periods and commas in model titles and assay names.

= Special characters such as “&” and “%” work with some OPC configurations but should always be tested and
removed from model or process value names as needed.

= Multiple models can exist for each process value type. This supports model comparisons during development and
validation, as well as the use of multiple process value models per batch. For example, Gluc M1 and Gluc M2, or
VCD Day 1-6 and VCD Day 7-14.

Raman data library can be used to ensure consistent process value naming. For more information, refer to Data Fields
in Raman data library User Operating Instructions (BA02367C).

7.4.2 Defining parameters

If the selected model or method supports parameters, define and manage them on the Parameters tab in the
Analysis screen. Available parameters are specific to the model or method and are determined by the developer.

Many parameters have default values. For parameters without default values, enter a valid value. Parameters
without default values are identified by a Trash icon next to the parameter.

Example:
Sample temperature is typically provided by an external sensor and stored with the acquisition.

s [f novalue is entered for Manual Sample Temperature, the system uses the temperature stored with the
acquisition to calculate temperature-corrected results.

s If avalue is entered, it overrides the stored temperature.

= To use the external sample temperature again, delete the Manual Sample Temperature parameter.

For parameters without default values:

s The value can be modified after entry.
= The value cannot be cleared.

To revert to the system setting, delete the parameter by clicking the Trash icon.

Endress+Hauser 51



Operating Instructions

Raman RunTime v7.0

7.4.2.1 Default parameters

Parameters shown with a default value cannot be deleted. Default Raman RunTime parameters are set at the factory
and can be changed as needed. The Reset icon to the right of the field restores the default value. If these parameters
are not changed from their defaults, the method works but the results may not be as intended.

RunTime can be configured to ignore any value by using the Parameters list under Analysis settings.
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Figure 63. Default parameters

7.4.2.2 Limited parameters
A drop-down list of the possible values is displayed when the parameter has a fixed number of valid entries.

Analysis

5800116REV20210630 LNG RXN RMD Scomp Flowing-Dev-Method-Field >

Delete Model

Components Properties.

Py i

Automation 15 v

1506976-1995(E)
1506976-2016
GPA2172-09/GPA2145-2009
GPA2172-09/GPA2145-2016
Custom...

A0054019

Figure 64. Limited parameters

7.4.2.3 Default parameters for LNG applications (Raman Rxn4 analyzer)

The following parameters are applicable to Raman Rxn4-based LNG applications only. For a list of parameters that
apply to your application, review the parameters listed in your method or model.

Limit of Detection (LOD) enable

Key Name LimitOfDetection_Enabled
Description Set this value to True to report component values as zero when they are below the detection limit.
Possible Values * True
= False
Default True
Recommended True
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Signal strength cutoff
Key Name SignalStrength_Cutoff
Description Signal strength is a scaled sum of Raman peak areas and is used to distinguish between a full pipe and an

empty pipe. Set the cutoff value between the signal strength of an empty pipe and a full pipe.

If the signal strength drops below the cutoff, all outputs are reported as zero. Signal strength is not a
measure of instrument performance.

The signal strength of a full pipe varies by installation and sample composition. Typical values:
= Empty pipe: 0 to 3
=  Full pipe: typically 30 to 150

Possible Values Numeric (typically 5 to 25)
Default 15
Recommended About 2/3 between empty and full pipe values

Other concentration

Key Name OtherConcentration

Description Mass balance by normalization is a standard part of the quantitative method. It forces the sum of the
measured component concentrations to equal 100 %, assuming no unmeasured components.

“Invisible” components do not generate a Raman signal or cannot be measured under the analysis
conditions. If their total concentration is known, enter it as the Other concentration.

The mass balance calculation uses 100 minus the Other concentration, which can improve result
accuracy. This feature is rarely used for LNG measurements.

Default None (interpreted as zero)

Manual sample temperature

Key Name TemperatureCompensation_SampleTemperatureC

Description During normal operation, the sample temperature for compensation is read from the acquisition data
(MODBUS, OPC, or a direct sensor).

If a manual temperature is entered, it overrides the acquisition value. Delete the manual temperature
(Trash icon) to revert to the acquisition temperature.

Default None (allows key deletion). Values are in °C.

Recommended -20°Cto +50°C

Heating value standard

Key Name HeatingValue_Standard

Description The heating value standard defines the data and calculation methods used to determine heating values
and related quantities. Calculations are based on composition and base temperature. Some quantities
also require metering temperature and pressure.

Each standard requires specific temperature and pressure values. Select the standard carefully and
ensure all related parameters are set correctly.

Possible Values = GPA2172-09 / GPA2145-2009
= GPA2172-09/ GPA2145-2016
= [SO6976-1995E
= [S06976-2016

Default None

Recommended I1SO06976-2016
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Heating value units

Key Name HeatingValue_Units

Description Heating value units depend on the selected standard. The predictor can convert between units.

However, different standards can produce slightly different results. Converting values between standards
may not match results calculated directly using those standards.

The numerator and denominator are evaluated independently to determine whether conversion is

applied.
Allowed Values =  MJ/m?

= K/m?

= Btu/ft
Default None

Heating value base temperature

Key Name HeatingValue_BaseTemperature

Description Each standard defines combustion data tables based on specific calorimeter base temperatures. The
selected base temperature determines which table is used.

ISO standards support multiple base temperatures. GPA standards support one base temperature.

Allowed Values GPA ISO
= 60°F = 0°%C

= 15°C
. 20°C
= 25°C
= 288.15 K (equivalent to 15 °C)
. 15.55°C

Default None

Heating value metering temperature

Key Name HeatingValue_MeteringTemperature

Description This parameter is used to calculate compressibility, which enables conversion from ideal gas conditions
to real (extended) gas conditions.

Only specific values are allowed for each standard.

Allowed Values GPA ISO
= 60°F = 0%
= 15°C
= 20°C
= 25°C
Default None

Heating value metering pressure

Key Name HeatingValue_MeteringPressure

Description This parameter complements the metering temperature and is used to convert heating values from ideal
to real gas conditions.

Only specific values are allowed for each standard.

Allowed Values GPA ISO
= 14.65 psi = 101.325kPa
= 14.696 psi
= 14.73 psi

Default None
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Heating value output values

Key Name HeatingValue_OutputValues

Description Heating value output values are calculated by the method and made available to RunTime.

For LNG applications, the full list of values is available. For surrogate models, only the Wobbe Index is
available, because other values are not required.

Not all available values need to be used or displayed.

Allowed Values » Ideal Wobbe Index (for surrogate models)

7.4.2.4 Adding parameters

To add a new parameter to the list of default parameters
1. Click Add Parameter.

Bl The parameter name is case sensitive.

Analysis

Acquisitions
OtherConcentration

General I D
R HeatingValue_BaseTemperature LNG 8comp Flowing >
o Delete Method
Analysis HeatingValue_MeteringPressure
HooVa = [ s |

HeatingValue_MeteringTemperature | —

Automation Y|

HeatingValue_Standard

Natuork HeatingValue_Units
%ﬁ TemperatureCompensation_SampleTemperatureC

Date & Tme

UserAdjust_Ethane_Intercept

Yo

UserAdjust_Ethane_Slope

\_ﬁ UserAdjust_Isobutane_Intercept

Upd:

i UserAdjust_Isobutane_Slope
Add Parameter 3

A0054020

Figure 65. Adding a parameter

2. Choose a valid parameter from the list.

When a parameter is not needed, it delete it using the Trash icon.

7.4.2.5 Modifying parameter outputs

Use the Components tab on the Analysis screen to enable or disable parameter outputs. This function allows you to
select which outputs you want to see.

Analysis
2s451776bs o
e Name 5800117REV20210330 RXN RMD AcetoneLNGSurrogate-Dev-Method >

eneral

= Delste Model
)

Gross Real HV/unit v OFF oN

Automation OFF OoN

E OFF oN

Network Net Molar HV OFF ON

%ﬁ Gross Ideal Wobbe Index orr @D on

el Gross Real Wobbe OFF oN

p Net Ideal HV/unit OFF OoN
Seaur

i et R fu OFF oN

T OFF OoN
Update

OFF OoN

S ore CHD o
Close

A0054021

Figure 66. Enabling and disabling a parameter
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7.4.3 Configuring models (Raman Rxn2, Raman Rxn4, and hybrid analyzers)

Raman RunTime supports models created with the following software: Raman data library, SIMCA® (Sartorius),
GRAMS IQ™ (Thermo Fisher Scientific), PEAXACT (S-Pact), Aspen Unscrambler™ (AspenTech), and
Solo/PLS_Toolbox (Eigenvector).

These multivariate models typically correlate in-line Raman spectra with off-line analytical measurements. They
convert raw spectra into process values in real time. Model results can be displayed on-screen and communicated via
OPC and Modbus.

Raman RunTime supports the following model file versions:

Raman data library 2.x

SIMCA® versions 13 through 18

GRAMS IQ™ versions 9.3 and previous
PEAXACT version 4, 5, 5.4,5.6,5.7,5.9, and 6.0
Aspen Unscrambler™ version 11
Solo/PLS_Toolbox version 8.9, 9.0, and 9.3

7.4.3.1 Loading models into Raman RunTime

To load and select a new analysis model
1. Copy the model files from the modeling package to a USB memory stick and connect it to the analyzer USB port.

B When loading a model via remote access, select the model file from any location accessible from the remote
workstation.

2. From the dashboard, select Options > System > Analysis > Add Model.
3. Browse to the model file location:

= Select the USB drive if loading from a USB memory stick.
= Select the network folder if loading via remote access.

4. Select the desired model file and add it. Repeat this step to add additional model files as needed.

The file names appear in the Analysis window.

Analysis
% ’
Name Cell Culture Model
General
= Delete Mode
Gluco FF
ore Q@D o
Automation orr @D on
? orr Q@D o
Network orr @D on
® OFF ON
=
Date & Time or QD on
Securlty
Update
]
Close A0049195

5. Inthe Analysis window, select a model file to enable or disable its components and properties. Repeat as
required.

6. Return to the dashboard and open the Details screen for a probe.

7. Select the Analysis tab, then enable or disable the loaded model files for that probe. Repeat for additional probes
as required.

7.4.4 Configuring methods and acquisition (Raman Rxn5)

The Methods tab on the system settings Analysis screen is used to manage the installed methods and configure
associated settings. The Acquisitions tab is used to adjust sampling, calibration, and verification timing for a sample
stream.
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7.4.4.1 Loading and selecting methods

In the Methods tab, selecting a method displays its components. From this page, you can rename the method, delete
it, or enable or disable reporting for individual components.
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Figure 67. Analysis —method page

To load and select a new analysis method
1.

A0050193

Copy the project files from the method package to a USB memory stick and connect it to the analyzer USB port.

Alternatively, load methods via remote access from a network connected folder. See Remote access > B.

2. Select Options > System > Analysis > Add Method, then browse to the method file. Repeat to add additional
files.
The file names display in the Analysis window.
Analysis
2 Name AirComposition532 >
Ans Delete Method
Automation N2 orr @D o~
& orr QD on
Network orr QD on
% o or QD on
<
i
D
i A0050194
Figure 68. Analysis screen to select methods
3.

Select a file name to enable or disable method components and properties. Repeat as required.

4. Select Close to return to the dashboard, then open the Details screen for one stream.

5.

7.4.4.2 Managing acquisition time

Select Settings, then enable or disable the method files for that stream. Repeat for additional streams.

In the Acquisitions tab, adjust the total acquisition time for sampling, calibration, and verification. Automatic
exposure control adjusts hardware settings as needed during operation.
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Analysis
General Fast S
ast ecis
&
Analysis. Sample 0:13
= { +
= 0:01 B
Automation
% Calibration 1:00
Network "' +
(%4»:] 0:01 60:00
Date & Time
Verification 1:00
p L N
Securty 0T £0:00
Update
Close

A0050195

Figure 69. Analysis — acquisitions page

7.4.5 Viewing model and method results

During active experiments, process values are displayed automatically on the dashboard instead of the current
spectra.

On the dashboard, select the quadrant display to toggle between the most recent spectrum and the process values.

Calibration Stream A
= - '

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

lask

SATURATION l
40k |

35k I
|

30k

25k

| — J il ‘ T T |- —
i - h ~/ = |
Options ‘
500 1000 1500 2000 2500 30007 (‘IZIJI‘)
| close 6 60

A0049196 A0053971

Figure 70. View of spectrum for Raman Rxn2, Raman Rxn4 probe 1 (left) and Raman Rxn5 stream (right)

= In hybrid analyzer configurations, the spectrum and process values are displayed simultaneously. No user action
is required.
In single-channel analyzers, a quadrant view is not available. Process values are displayed on the Analysis tab.
Model and method results update each time a new spectrum is completed, or after each buffer cycle in
continuous mode.

= If no models are active for a probe or batch, No Analysis is displayed when the spectral plot is selected.
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Stream A = Stream B
Component A (%)
Component B (%)
Component C (%)

no analysis

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

Component C (%)

no analysis

Lo Y — =

A0049197

Figure 71. Results for a Raman Rxn2 four-channel analyzer with models active for probe 1 and probe 4

To access additional model result information
This procedure is also required to view model results on single-channel analyzers.

1. From a Probe Details view, select the Analysis tab.
2. Select Expand or Collapse to show or hide model details.

== Stream A

Stream A |

et Glucose (g/L) 5 Models Glucose (/L) 16778
W | Glutamate (mM) L o] omeax s7.24
O 02PLS Class - 0 02PLS Class
Glutamine (mM) g DModXCombined 58.79
) Bioprocess Demo Data_pLs2- || FNNNIIN ) Bioprocess Demo Data PLS2- o 1
O MixtureP! Osmolality : O MixtureP! Podx o.00
v / l0dXCombine i
- Bioprocess Demo Data_OPLS- VCDI(ES cells/mL) - Bioprocess Demo Data_OPLS- FHlodXCombined 0:90
DA_v17 O balvi7 T2Range 28231
() PLS-DA () PLS-DA T2Range(95)Crit 1083
) Euc CF mbe snva sg1d21 ) Euc CF mbe snva sg1d21 T2Range(99)Crit 15.19
GAreg 16ts out 8F GAreg 16ts out 8F
TScores-1 174
O MixturePLS O MixturePLs s 1200
(- Acetone Surrogate 6 RMD9pS Acetone Surrogate 6 RMD9p6 z
= Method O Mathod TScores-3 5.34
) Bioprocess Demo Data_PCA- ) Bioprocess Demo Data_PCA- TScoresy 227
Class_v2_v16 Class_v2.v16 TSCreaCou 400
O Generic RunTime Test Model O Generic RunTime Test Model Glutamate (mM) 28.31
Cell Culture RunTime Demo Cell Culture RunTime Demo DModx 45.56
Model Model
DModXCombined 59.99 i
K] o e : e

quisition ‘ Analysis | Setting quisition ‘ Analysis

A0049241 A0049242

Figure 72. Probe details view of model process values and properties

3. Select Trends to open the trend viewer.

4. Select a Principal Trend and, if required, a Comparison Trend.

(| Stream C
®Principal Trend: Batches: ®Comparison Trend:
@ Bio HT - Glucose (g/L) v Stream C Batch v| | Bio HT - Lactate (g/L) -

s

1840 14550 1500 15110 15:2

14:30
Jun 17,2022

Options > )
LT
A0049198

Figure 73. Model results in the trend view
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7.4.6 Saving model results

Stored model results are included when exporting spectral batch data as a *.csv file. Real-time prediction results are
also available via OPC or Modbus when client connections are established.
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8 Troubleshooting and maintenance

8.1 OPC connection troubleshooting

Endress+Hauser does not support connections to user-specific OPC UA clients. UaExpert is used to test server-to-
client connections. An Endress+Hauser service engineer can provide instructions for running Raman RunTime OPC
UA server tests in UaExpert.

If problems persist, check the following:

Confirm that the installed version of Raman RunTime is operating.
Verify that Options > System > Network shows the status Connected.

Network

General

A0049231

Figure 74. Network screen showing connected

Verify that the correct Ethernet port is used.

Check the Ethernet port link/activity lights.

Verify that a valid IP address is displayed.

Ping the analyzer from a directly connected laptop.

Validate OPC UA communication by using a test client such as UaExpert.
Verify the port configuration in the OPC UA client.

Verify the analyzer date/time settings.

B Raman RunTime reports time values through OPC UA (for example, SystemTime uses the instrument time
zone and SystemStartTimeUTC reports the most recent start-up time in UTC)

8.2 Diagnostic environment data
View system diagnostics at Options > Diagnostics > Environment.
From the Diagnostics screen, you can:

= View system environment data
s Trend historical environment data
= Export system data for backup or restore

Perform system exports reqularly to back up configurations and calibrations.

System exports are intended for Endress+Hauser Support to investigate issues or restore analyzers. Export contents
may change with new RunTime versions and are not intended for direct user access.

A full export is recommended for reqular archiving and is required for system restore. Note that full exports can be
large.

8.2.1 Diagnostic value trends

To display trends of diagnostic values
1. Select Options > Diagnostics from the main Raman RunTime menu.

The Environment tab of the Systems Diagnostics dialog box appears. System data is displayed.
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2. Select the Trends tab.

Name Value
stem Environment
CSM Diamond Heater Temperature 54.3
Detector Temperatire -48.3
External Temperature 23.3
Internal Temperature 0.9
Laser Cooler Current 1.1
Laser Cooler Volage 1.5
Laser Diode Current 6.3
Laser Diode Temperature(C) 18.3
Laszr Diode Voltage 1.7
Laser Enclosure Temperature(C) 2.9
Laser Heat Sink Temperature(C) 3.3
Lasar Power 488.3
‘ Close ‘
) A0049222
Figure 75. Environment tab to view system data
System Diagnostics
®Principal Trend: History: ©®Comparison Trend:
Detector Temperature | 8Hours | | External Temperature v
CSM Diamond Heater Temperature|
| Detector Temperature
External Temperature
Internal Temperature
Laser Cooler Current
Laser Cooler Voltage
Laser Diode Current
Laser Diode Temperature(C)
| Laser Diode Voltage
| Laser Enclosure Temperature(C)
Laser Heat Sink Temperature(C)
| Laser Power
-20
-50
01:00 02:00 03:00 04:00 05:00 06:00 07:00 08:00
Jun 20, 2022
Close
A0049224

Figure 76. Principal trend options

3. Inthe Trends tab, select the Principal Trend, History, or Comparison Trend as shown below.

System Diagnostics System Diagnostics

62

®Principal Trend: History: ®Comparison Trend: ®Principal Trend: History: ©Comparison Trend:
Detector Temperature | 8Hours | | External Temperature v Detector Temperature | |8 Hours v | | External Temperature v
o 1 Day CSM Diamond Heater Temperature|
20 3 Days 20 " Detector Temperature
10 Days External Temperature
10 10 Internal Temperature
Laser Cooler Current
o 0 Laser Cooler Voltage
Laser Diode Current
19 [ Laser Diode Temperature(C)
B Laser Diode Voltage
[-20 20
Laser Enclosure Temperature(C)
20 -30 Laser Heat Sink Temperature(C)
Laser Power
-40 -40
= -s0
01:00 02:00 03:00 04:00 05:00 06:00 07:00 08:00 01:0f 02:00 03:00 04:00 06:00 07:00 08:00
Jun 20, 2022 Jun 20, 2022
Trends
‘ Close | Close
A0049225 A0049226
Figure 77. History and comparison trend options
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8.3 System Export

Endress+Hauser recommends performing full system exports to back up user data, spectral data, custom settings,

and configurations. Save export files to external media. Include export procedures in the local site standard operating

procedure (SOP).

To create a new export file

1. From the RunTime dashboard, select Options > Diagnostics > Export.

2. Select New.
3. Select the export type:

Basic. Includes configuration and calibration information.
Diagnostic. Includes logs for troubleshooting with Endress+Hauser.

Full. Includes acquisition and analysis data, plus all Basic and Diagnostic data. Full exports are large files,

often several gigabytes (GB) in size. They are recommended for archiving and may be required by

Endress+Hauser Support.

4. Select Export to create the file.

System Diagnostics ExportiData

Raman Analyzer (20220620-0814).rex
[ cosic BN

220 MB

O Basic

® Diagnostic

@ Full

Note: performing an export will delete any

previous export.
Cancel l Export ‘

A0049220

Close

A0049219

Figure 78. Steps to create a new export file

5. After the export is generated, click Save to store the file on a USB drive or download it to the network computer

used for remote access.

The analyzer stores only the most recent export file. When a new export file is created, the previous file is
overwritten. To prevent data loss, back up export files reqularly to external media.

Bioreactor A = Bioreactor B

‘ no analysis

——— ] ——

Calibration...
Diagnostics...

System...

O e

AD049218

System Diagnostics

Raman Analyzer (20220620-0814).rex

Close

A0049219

Figure 79. Steps to save an export file

B The Save option allows you to store the export file on a USB drive or download it to the network computer used

to access the Raman RunTime interface.
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8.4 System warnings and errors

When the system is calibrated and operating correctly, the status indicator in the center of the dashboard displays

OK in green.
options b | :
~
AD049244

Figure 80. Status bar

Symbol Description

If a system warning occurs, a yellow warning indicator is displayed. A warning should be acknowledged, but
\ J. immediate action may not be required. The indicator pulses until the condition is resolved.

Select Warning to view details.

If a system error occurs, a red error indicator is displayed. An error requires immediate action to restore normal
A0049202 Operation.

Click Error to view details.

8.4.1 Resolving system warning and error states

If a system error occurs, a red status indicator is displayed.

To resolve a warning or error state

1. Select the yellow or red status indicator to view details.

_

Stream B r Saturation (signal strength): 94 i too high. This

)
should not ater than 80, and must never be gre

@ Stream A Detector Saturation (signal strength): 84 is too high. This
should not be greater than 80, and must never be greater than 90

A0049230
Figure 81. Analyzer status details

2. Resolve the error or warning using the appropriate corrective action.

Calibration Stream A = Stream B
Glucose (g/L) E

Glutamate (mM)
Glutamine (mM)
Lactate (g/L)
Osmolality

VCD (ES cells/mL)

Internal Calibration Probe Calibration

2023-09-21 17:18 B oy v 2023-08-08 17:22 2023-09-06 14:42

I |, I T

W Calibrate Periodically 2023-09-21 17:44 not verified

no analysis

10:27:04 11 | m [RCFEERE

Calibration Report

View... Save...

I Close ‘

A0049228 A0049246

Figure 82. Channels 3 and 4 shown disabled and warning indicators resolved to green OK state

If the analyzer stops communicating with the dashboard, select Options > System > Restart. The analyzer restarts
and communication is restored.
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8.4.2 Raman Rxn2 and Raman Rxn4 analyzer diagnostics, warnings, and operating limits

Diagnostic messages for Raman Rxn2 and Raman Rxn4 analyzers, and the conditions under which faults occur are

listed below.

Diagnostic

Faults when...

Internal Calibration

Internal calibration is missing on a multi-channel instrument.

Wavelength Calibration

Wavelength calibration is missing on a single-channel instrument.

Laser Calibration

Laser calibration is missing on a single-channel instrument.

Intensity Calibration

Intensity calibration is missing on the channel.

Detector Temperature

Camera temperature is out of tolerance.

Detector Locked

Camera temperature is not stable.

Detector Saturation

Camera saturation is < 2 % or > 80 %.

CSM Diamond Heater Temperature

Laser calibration standard temperature is out of tolerance.

CSM Laser Interlock Alarm

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

Laser Interlock Status

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

Laser Diode Current

Laser diode drive current approaches maximum.

Laser Cooler Open Circuit

An error was received from the laser module.

Laser Diode Current Error

An error was received from the laser module.

Laser Diode Temp Error

An error was received from the laser module.

Laser Diode Temp Startup

An error was received from the laser module.

Laser Diode Temp Warning

An error was received from the laser module.

Laser Power Feedback

An error was received from the laser module.

Laser Power Feedback Error

An error was received from the laser module.

Laser Unit Temp Error

An error was received from the laser module.

Laser Unit Temp Startup

An error was received from the laser module.

Warnings, error thresholds, and the expected operating ranges for key parameters are listed below.

Diagnostic Warning Threshold Error Threshold Expected Value

CSM Diamond Heater <50°C (122 °F) or >100°C (212 | n/a 55°C (131 °F) to 75°C (167 °F)

Temperature °F)

Detector Temperature <-42°C (-43.6 °F) or >-38°C <-45°C (-49°F) or >-35 | Anything in range
(36.4°F) °C(-31°F)

External Temperature <0°C (32 °F) or >35°C (95 °F) n/a Anything in range

Internal Temperature <0°C (23 °F) or >40°C (104°F) | n/a Anything in range

Laser Cooler Current n/a n/a -5Ato5A

Laser Cooler Voltage n/a n/a -12Vto 12V

Laser Diode Current 1.8A n/a 1.0Ato2.0A

Laser Diode Temperature(C) n/a n/a 20°Cto 25°C

Laser Diode Voltage n/a n/a 20Vto25V

Laser Enclosure n/a n/a 0°C (32 °F) to 35°C (95 °F)

Temperature(C)
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Diagnostic Warning Threshold Error Threshold Expected Value

Laser Heat Sink n/a n/a 0°C (23 °F) to 40 °C (104 °F)
Temperature(C)

Laser Power n/a n/a Setpoint £5 mW

8.4.3 Raman Rxn5 analyzer system warnings and errors

Warning and error thresholds, and the expected operating ranges for key Raman Rxn5 analyzer parameters are
listed below.

Diagnostic Warning Threshold | Error Threshold | Expected Value
Air Temp External 48°C (118 °F) 50°C (122 °F) -20°Cto 50°C (-4 °F to 122 °F)
Air Temp Internal 50°C (122 °F) 55°C (131 °F) 0°Cto 55 °C (32 °F to 133 °F)

Grating Temperature

53 °C (127 °F)

55 °C (131 °F)

0°Cto 55°C (32 °Fto 133 °F)

Heatsink HVAC 1 (left) Inside

N/A

N/A

At external > 30 °C (86 °F)
Plenum minus 15 °C to 20 °C (59 °F to 68
F)

Heatsink HVAC 1 (left) Plenum

73°C (163 °F)

75°C (167 °F)

At external < 25 °C (77 °F)
Inside minus 15 °C to 20 °C (59 °F to 68 °F)

Heatsink HVAC 2 (left) Inside

N/A

N/A

At external > 35 °C (95 °F)
Plenum minus 15 °C to 20 °C (59 °F to 68
F)

Heatsink HVAC 2 (left) Plenum

73°C (163 °F)

75°C (167 °F)

At external < 25 °C (77 °F)
Inside minus 15 °C to 20 °C (59 °F to 68 °F)

Heatsink Power Supply 73°C (163 °F) 5°Cto 20 °C (41 °F to 68 °F) over external
Heatsink Spectrograph 58°C (136 °F) 60 °C (140 °F) 5°Cto 8°C (41 °F to 46 °F) over external
Relative Humidity 65 % 85 % -

Channel <ch> Laser Diode Current 2.1A N/A 1.0Ato2.1A

Channel <ch> Laser Heatsink 63 °C (145 °F) 65 °C (149 °F) 2°Cto 5°C (36 °F to 41 °F) over external

Channel <ch> Laser Power Out N/A N/A 130 mW to 170 mW 1

Channel <ch> Sample Pressure N/A N/A -

Channel <ch> Sample Temperature N/A N/A -

Additional diagnostic warnings may be generated during operation:

Diagnostic Warning Threshold | Error Threshold | Expected Value

Detector Temperature too High >-40°C (-40 °F) >-38°C (-36 °F) Not shown unless warning or error

Detector Temperature too Low <-40°C (-40 °F) <-42°C (-44 °F) Not shown unless warning or error

Detector Saturation (Signal Strength) too

High >80 % >90 % 30 %—80 %
Detector Saturation (Signal Strength) too NA <29% 30 % —80 %
Low

Warnings

! Depends on the selected power setting. For example, when used in an IIC gas environment, the configured power setting may be
limited to 35 mW, which is within acceptable operating limits.
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Blower Alarm: The cooling fan is not working properly. The analyzer might overheat.

Inline Wavelength Calibration Warning. Neon pixel fill below warning level.

Channel <ch> Inline wavelength calibration failed. Using default wavelength calibration.

Channel <ch> Inline laser calibration failed. Using default laser wavelength.

Channel <ch>: <analysis> calibration does not perform within tolerance.

Channel <ch>: <analysis> calibration has not been verified in more than <x> days.

System analysis is disabled.

8.4.4 Diagnostic fault codes for automation

Automation systems (DCS, control room, or on-site teams) can monitor analyzer status using OPC tags and Modbus
registers that indicate diagnostic faults.

For details, refer to:

= Raman RunTime Automation OPC v7.0 (OPC Tags)
= Raman RunTime Automation Modbus v7.0 (Modbus map)
HTTPS Automation Interface v7.0 (file transfer)

Diagnostic fault codes include:

Code Description

Sensor (1xx)

100 Unspecified fault

101 No laser

102 Laser power limit exceeded

103 Signal out of range

104 Component temperature out of specification

Electronic (3xx)

300

Unspecified fault

301 Service Alert - Laser

302 Service Alert - Neon

303 Malfunction - cooling fan

304 Malfunction - calibration/switching module (CSM)
305 Malfunction - power supply

306 Malfunction - communication

307 Calibration failure

308 Component temperature out of specification

Configuration (5xx)

500 Unspecified fault
501 System disabled

502 Calibration invalid
503 Configuration invalid
504 Low storage space

Process/Environment (9xx)
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Code Description
900 Unspecified fault
901 Environmental conditions out of specification

For detailed matrices by instrument type, contact Endress+Hauser Support.

8.4.5 Unused channels and probes

Unused or uncalibrated channels may generate warnings that place the system in a warning state.

To prevent unnecessary warnings, disable unused probes or channels. Refer to Disabling unused channels and
probes >B.

8.5 Restarting the system

To restart the system, select Options > System > General, then click Restart.

Only users with administrative privileges can restart the device when security is enabled.

General General

Gonara Instrument Name Raman Analyzer > General Instrument Name Raman Analyzer >

2

) Analysis orr @D o () Advanced

Analys Analysis

Advanced Calibrate Touch Screen...
Automat Automation

Calibrate Touch Screen... Restart...

Network Restart... Network Shut down...

U D

o9 &

°
=
o
3

%
%

o

gE’
&=

g

V)
1¥)

cl 4 GB (68% free)

A0049247

Figure 83. Raman Rxn2 and Raman Rxn4 restart screen (left) Raman Rxn5 restart screen (right)

8 GB (73% free)

A0050192

8.6 Turning off the Raman Rxn2 or Raman Rxn4 analyzer

The procedures in this section apply only to embedded analyzers. They do not apply to:

=  Non-embedded analyzers with an HMI
= Raman Rxn4 analyzers with an enclosure
= Raman Rxn5 analyzers

For a Raman Rxn4 with enclosure, use the main power switch on the right side of the enclosure.
The Raman Rxn5 is hard-wired. The method for removing power depends on the installation. A circuit breaker inside

the analyzer provides power isolation and is accessible only when the door is open.

8.6.1 Turning off the analyzer
Use one of the following methods. Use these methods unless the system is unresponsive.
= Method 1 (software)

Select Options > System > General, then select Shut Down. The analyzer turns off after approximately 5
seconds.

68 Endress+Hauser



Raman RunTime v7.0

Operating Instructions

=  Method two (hardware)

=

z
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2
g

i

o
=
&
3

[%

o

:E’

g

10

INSTRUMENT

Instrument Name

Advanced

General

Calibrate Touch Screen...
Restart...

Shut down...

Raman Analyzer >

8 GB (73% free)

Figure 84. Shut down

A0049247

Press and hold the power push button for 2 seconds until it starts to blink. Release the button. The analyzer turns
off after approximately 5 seconds.

8.6.2 Performing a hard shut down

Use a hard shutdown only if Raman RunTime is unresponsive. These methods use hardware controls and are not
available through the software.

= Method one

Press and hold the power push button for at least 12 seconds until the analyzer powers down. Continue to hold
the button even if the indicator begins to blink. Release the button after the analyzer powers off.

= Method two

Disconnect power from the analyzer.

8.7 Recovery console

The Recovery console appears if Raman RunTime fails to start. The system prompts entry to the recovery console
after five unsuccessful startup attempts.

Restart

5]

u

Update

&7

Service

(=
—

Export

4

Restore

]

Reset

Figure 85. Recovery console menu

The recovery console includes the following functions:

= Restart. Restarts the system.
L]

[ ]

[ ]

[ ]

Endress+Hauser

A0049248

Update. Updates the embedded Raman RunTime software using factory-provided files on a USB drive.
Service. Enables service mode (available only to qualified service personnel; contact Endress+Hauser Support).
Export. Downloads data, settings, or configurations when the analyzer is in an error state.

Restore. Restores the system from a previously saved file (local or USB drive).
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= Reset. Reboots the system and deletes all calibrations, models, acquisitions, logs, and other data.

Refer to the following sections for instructions on these features.

8.7.1 Restarting Raman RunTime
To restart the system, click Restart, then confirm by clicking Yes.

Figure 86. Restart warning

M || &

@ Are you sure you would like to
restart?
T

Export

A0049232

8.7.2 Updating Raman RunTime
The Update function installs embedded Raman RunTime software using factory-provided files on a USB drive.

Insert the USB drive into the analyzer USB port (front panel for Raman Rxn2/Raman Rxn4/hybrid; internal port for
Raman Rxn5). Follow the on-screen prompts to locate and install the update file.

NOTICE

Only Endress+Hauser factory-trained personnel should perform software updates.
Install update files in the specified order.

Verify all prerequisites before starting the update.

Contact Endress+Hauser Support before performing updates.

v vYvyyvyy

Failure to follow these instructions may render the analyzer inoperable.

To update the embedded software

1. Select Options > System > Update.

2. Select the information icon (®) to view the current software version and update history.
3. Select Choose Update.

Select the update file...

®ve | 098-304168-USB Device (970.48 MB free space out of 14.92 G v/

Cancel

A0049233

Figure 87. Update mode menu
4. Select the update file. Install files one at a time and in the required order.
8.7.3 Using service tools
Select Service to place the analyzer in service mode.
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Service mode is available only to qualified service personnel. Contact Endress+Hauser Support for more information.

WARNING
Service Tools are for Endress personnel only.

(Note: You must have a keyboard attached to the instrument to complete this step.)

CHALLENGE

FKICIEHI

oK Cancel

AD049234

Figure 88. Service mode menu

8.7.4 Exporting system data

Select Export to download data, settings, or configurations. Use this function only when the analyzer is in an error
state.

To restore the analyzer, use an export file previously generated in Raman RunTime and saved to a USB drive. The
most recent export file is also stored on the analyzer.

Exports created from the recovery console are intended for troubleshooting by Endress+Hauser Support. These files

cannot be used to restore the analyzer.
Service

Restart

Restore Reset

A0049235

Figure 89. Exporting a file

8.7.5 Restoring Raman RunTime
Select Restore to return Raman RunTime to a previously saved state. Use this function to restore normal operation.

Restore can use any export type (Basic, Diagnostic, or Full). A Full export also restores acquisition data and analysis
results, in addition to configuration and calibration data.

To use Restore, ensure that:

= Avalid export file created in RunTime is available
= Thefile is stored locally or on a USB drive connected to the analyzer
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Search Complete: 1 Export Found

Select the export file...
Onboard Exports v

Cancel

A0049236

Figure 90. Restoring Raman RunTime to an earlier version using export stored on the analyzer storage

To restore Raman RunTime

1. Select an export file. Use a Full export to restore the settings, configuration, models, and data.

If an export supports full restore, a green DATA tag is displayed.

Locate...

te: 1 Export Found

< 098-304168-USB Device (797.9 MB free space out of 14.92 GE v

Select the export file...

Cancel

A0049237

Figure 91. Restoring Raman RunTime to an earlier version using export stored on a USB drive

2. Select the file to begin the restore process.

72

an Analyzer (20220

Select the export file...

Onboard Exports v

What would you like to restore?
Configuration Only

» Configuration + Data

WARNING

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

Cancel Select File

A0049238

Figure 92. Warning menu to select level of restore for Raman RunTime

Restore Instrument?

Would you like to begin restoring
your instrument?

O

oK Cancel

A0049239
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Figure 93. Confirm restore dialog

3. Confirm the action when prompted.

The system restarts and performs the restore. This process may take several minutes. Do not turn off the analyzer
during the restore.

B The USB drive must remain connected during the process.
After completion, the analyzer restarts and Raman RunTime launches.

8.7.6 Resetting Raman RunTime

Select Reset, then click Continue to restart the system and delete all calibrations, models, acquisitions, logs, and
data.

Reset Device?

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

Continue. Cancel

A0049240

Figure 94. Confirm resetting the device
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9  Software updates

9.1 Updating Raman RunTime

Use the Update tab in System Settings to install software updates. Update files must be stored on a USB drive or on
a local or remote workstation drive.

Before performing an update, review the following notice.

Failure to follow these instructions may render the analyzer inoperable. The user assumes responsibility for self-
installation.

» Only Endress+Hauser factory-trained personnel should perform software updates.
» Install update files in the specified order.

» Verify all prerequisite requirements before updating Raman RunTime.
» Contact Endress+Hauser Support before attempting an update.

Before starting the update, perform a full system export and save it to external media. Refer to Export > B.
To update Raman RunTime software

1. Save the update file(s) to a USB drive or a workstation drive.

2. From the dashboard, select Options > System.

3. Select the Update tab, then click Choose Update.

Software Update

Choose update to instal

Choose Update...

P Current Version: 7.0 (FBF58699) @

A0050206

Figure 95. System settings —update tab
4. Browse to the folder containing the update file(s).
5. Select the required update file and install it in the specified order. Click Select File.
The system installs the update and restarts the dashboard upon completion.
The update process may take up to 20 minutes.
6. Repeat steps 2-5 if multiple update files are required.
Select the information icon (®) to view the installed software version and update history. Confirm that the

correct version is installed.

9.2 Support

Provide diagnostic export files and the current Raman RunTime version number when contacting Endress+Hauser
Support.

To view version information, select Options > System > Update. The current version is displayed in the lower-right
corner of the screen.

Select Information (@) to view details about installed versions and update history.
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Current Version: 7.0 (FBF58699) @

A0049249

Figure 96. Current version

Current Version: 7.0 (FBF58699)

Runtime Core: 7.0 (FBF58699)
Security Pack: 7.2025.10
Profile: 785 Rxn2/4

Updates Installed:

RuntimeCore-7.0
2026-02-19 17:17 oK

AD049250

Figure 97. Update history

9.3 Contact information
For technical service, refer to the Endress+Hauser website: https://endress.com/contact

The website provides contact information for local sales and service channels.
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10 Copyright information
End-User License Agreement

A COPY OF THE END-USER LICENSE AGREEMENT FOR THE Endress+Hauser Raman RunTime EMBEDDED
SOFTWARE IS INCLUDED IN THIS DOCUMENT FOR REFERENCE PURPOSES. PLEASE READ THIS SOFTWARE
LICENSE AGREEMENT CAREFULLY BEFORE USING THE EMBEDDED SOFTWARE. BY USING THE EQUIPMENT THAT
CONTAINS THIS PRODUCT, YOU ARE CONSENTING TO BE BOUND BY THIS AGREEMENT.

This is an End-User License Agreement between you, the end user of the Endress+Hauser Raman RunTime
embedded software, and Endress+Hauser (“Licensor”), a Michigan corporation having a principal place of business at
371 Parkland Plaza, Ann Arbor, Michigan 48103. You agree to be bound by the terms and conditions of this
Agreement by using the Endress+Hauser Raman RunTime embedded software.

1.0. NONEXCLUSIVE LICENSE. Licensor grants you a nonexclusive license to use Endress+Hauser Raman RunTime
embedded software, which includes the package of computer programs and data in machine-readable form and the
user manuals, which together constitute the "Licensed Program," subject to the following terms and conditions, which
apply to any and all versions of the Licensed Program installed by you.

2.0. SCOPE OF RIGHTS. Licensee may:
2.1. Use the Licensed Program to control spectrographic instrumentation made by Endress+Hauser;
2.2. Use and execute the Licensed Program defined in 2.1 for the purposes of serving the needs of the end user;

2.3. In support of your authorized use of the Licensed Program, store the Licensed Program’s machine-readable
instructions or data in, transmit it through, and display it on machines associated with the instruments.

3.0. PROPRIETARY PROTECTION AND RESTRICTIONS.

3.1. The Licensed Program is copyrighted. The copyrights are owned by Endress+Hauser, i.e. the copyright owner.
The Licensed Program is licensed, not sold, for use by Licensee. Licensor does not sell or transfer title to the Licensed
Program to Licensee.

3.2. You shall have no ownership of all right, title, and interest in and to the Licensed Program and all modifications
and enhancements thereof (including ownership of all trade secrets and copyrights pertaining thereto).

3.3. This Licensed Program contains confidential and/or proprietary information which is protected by copyright and
international treaty provisions. All rights are reserved. No part of the Licensed Program may be photocopied,
reproduced, or translated to another language without written permission from the Licensor. Any unauthorized use,
disclosure, assignment, transfer or reproduction of this confidential information will be prosecuted to the full extent
of the law.

3.4. You may not use, copy, modify, or distribute the Licensed Program (electronically or otherwise), or any copy,
adaptation, transcription, or merged portion thereof, except as expressly authorized by Licensor. Licensee may not
reverse assemble, reverse compile, or otherwise translate the Licensed Program. Your rights may not be transferred,
leased, assigned, or sublicensed except for a transfer of the Licensed Program in its entirety to (1) a successor in
interest of Licensee’s entire business who assumes the obligations of this Agreement or (2) any other party who is
reasonably acceptable to Licensor, enters into a substitute version of this Agreement, and pays an administrative fee
intended to cover attendant costs. Licensee may not install the Licensed Program in any other computer system or
use it at any other location without Licensor's express authorization obtained in advance. If you use, copy, or modify
the Licensed Program or if you transfer possession of any copy, adaptation, transcription, or merged portion of the
Licensed Program to any other party in any way not expressly authorized by Licensor, your license is automatically
terminated.

3.5. You hereby authorize Licensor to enter Licensee’s premises in order to inspect the Licensed Program in any
reasonable manner during regular business hours to verify Licensee’s compliance with the terms hereof.

3.6. You acknowledge that, in the event of Licensee’s breach of any of the foregoing provisions, Licensor will not have
an adequate remedy in money or damages. Licensor shall therefore be entitled to obtain an injunction against such
breach from any court of competent jurisdiction immediately upon request. Licensor's right to obtain injunctive relief
shall not limit its right to seek further remedies.

4.0. LIMITED WARRANTY AND LIMITATION OF LIABILITY.
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4.1. Licensor and the copyright owner have taken care, for your benefit, to ensure the accuracy and reliability of the
Licensed Program. This warranty is expressly conditioned on your observance of the operating, security, and data-
control procedures set forth in the materials included with the Licensed Program.

4.2. To the extent not prohibited by law, in no event shall Endress+Hauser be liable for personal injury, or any
incidental, special, indirect or consequential damages whatsoever, including, without limitation, damages for loss of
profits, loss of data, business interruption or any other commercial damages or losses, arising out of or related to
your use or inability to use the Endress+Hauser embedded software, however caused, regardless of the theory of
liability (contract, tort or otherwise) and even if Endress+Hauser has been advised of the possibility of such damages.
Some jurisdictions do not allow the limitation of liability for personal injury, or of incidental or consequential
damages, so this limitation may not apply to you. In no event shall Endress+Hauser’s total liability to you for all
damages (other than as may be required by applicable law in cases involving personal injury) exceed the amount of
one dollar ($1.00). The foregoing limitations will apply even if the above stated remedy fails of its essential purpose.

4.3. Licensor and the copyright owners assume no liability for errors or omissions in the Licensed Program and
reserve the right to make changes and improvements without further notice to any products herein for any reason.

4.4, Except as expressly set forth in this Agreement, Licensor and the copyright owners disclaim any and all
promises, representations, and warranties with respect to the Licensed Program, including its condition, its
conformity to any representation or description, any negligence, and its merchantability or fitness for a particular
use. The information provided with the Licensed Program is not intended to be, nor should it be understood to be,
representations or warranties concerning the Licensed Program described.

4.5. The cumulative liability of Licensor to you for all claims relating to the Licensed Program and this Agreement,
including any cause of action sounding in contract, tort, or strict liability, shall not exceed the total amount of all
license fees paid to Licensor hereunder. This limitation of liability is intended to apply without regard to whether
other provisions of this Agreement have been breached or have proven ineffective. Licensor and the copyright
owners shall have no liability for loss of data or documentation, it being understood that Licensee is responsible for
reasonable backup precautions.

4.6. The Licensed Program is sold “as is” and you assume the entire risk as to its quality and performance. In no
event shall Licensor and the copyright owners be liable for any loss of profits; any incidental, special, exemplary, or
consequential damages; or any claims or demands brought against Licensee, even if Licensor has been advised of the
possibility of such claims or demands. This limitation upon damages and claims is intended to apply without regard
to whether other provisions of this Agreement have been breached or have proven ineffective.

4.7. You may have additional rights under certain laws, e.g., consumer laws, that do not allow the exclusion of
implied warranties, or the exclusion or limitation of certain damages. If such laws apply, these exclusions and
limitations may not apply to you.

5.0. MISCELLANEOUS.

5.1. This Agreement shall be governed by and interpreted in accordance with the laws of the State of Michigan,
United States of America, but specifically excluding the State of Michigan’s choice of law rules.

5.2. No modification of this Agreement shall be binding unless it is in writing and is signed by an authorized
representative of the party against whom enforcement of the modification is sought.

5.3. Any notices required or permitted under this Agreement shall be in writing and delivered in person or sent by
registered or certified mail, return receipt requested, with proper postage affixed.

5.4. In the event that any of the terms of this Agreement is or becomes or is declared to be invalid or void by any
court or tribunal of competent jurisdiction, such term or terms shall be null and void and shall be deemed severed
from this Agreement and all the remaining terms of this Agreement shall remain in full force and effect.

5.5. THIS AGREEMENT IS THE COMPLETE AND EXCLUSIVE STATEMENT OF LICENSOR'S OBLIGATIONS AND
RESPONSIBILITIES TO LICENSEE AND SUPERSEDES ANY OTHER PROPOSAL, REPRESENTATION, OR OTHER
COMMUNICATION BY OR ON BEHALF OF LICENSOR RELATING TO THE SUBJECT MATTER HEREOF.

Documentation

This document is intended for use by authorized employees and representatives of Endress+Hauser. No part of this
document may be reproduced or transmitted in any form or by any means, electronic or mechanical, including
photocopying, recording, or information storage and retrieval systems, for any purpose other than the purchaser's
personal use, without the express written permission of Endress+Hauser. Under the law, copying includes translation
into another language.

Endress+Hauser 77



Operating Instructions Raman RunTime v7.0

Information contained in this document is deemed to be accurate at the time of writing. Endress+Hauser reserves the
right to change the information contained within without notice.

Support

Endress+Hauser will provide telephone consultation for this product during normal U.S. East Coast business hours
8:00 AM to 5:00 PM. Under no circumstances does telephone consultation affect the terms of any warranty
agreement.

© Endress+Hauser. All rights reserved. Printed in the United States of America.
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