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Detectors LoopSeries LB 430 1 General Information

1.1

General Information

Validity of the Operating Manual

The operating manual is valid from the delivery of the Berthold product to the user
until its disposal. The version and release date of this operating manual can be
found at the bottom of each page. No modification service is performed by the
manufacturer Berthold.

The manufacturer reserves the right to make changes to this operating manual at
any time without prior notice or justification.

HINWEIS

ﬂ The current revision of the software manual replaces all previous versions.

Target Group

This operating manual is directed at qualified specialist personnel who are familiar
with handling electrical and electronic assemblies as well as with communication
and measuring techniques.

Specialist personnel refer to those who can assess the work assigned to them and
recognize possible dangers through their specialist training, knowledge and expe-
rience as well as knowledge of the relevant regulations.

Storage Location

This operation manual, along with all product-specific documentation relevant to
the respective application, must always be accessible near the device.
Copyrights

This operation manual contains copyright-protected information. No chapter may
be copied or reproduced in any form without prior approval from the manufac-
turer.

© Berthold Technologies ® 69691BA24 ¢ Rev.00, 01/2025 5




1 General Information Detectors LoopSeries LB 430

1.2 Structure of the Operating Manual

This operating manual is divided into chapters. The order of the chapters is de-
signed to help you quickly and safely familiarize yourself with the operation of the
device.

Formatting Style

Quotation marks Field in the software inter- | ,Linear”
face
Vertical line Path specification Setup | Device
Gear icon Clickable button % Reset to Default
Round brackets Image reference A)ttach the plug (Fig. 1, Pos.
1

In the software description, the term "clicking" is used if a process is to be acti-
vated. This also refers to the pressing of a button (key) or an area on the touch
display if a mouse is not used for controlling.

Symbols Used

NOTICE

ﬂ If this information is not observed, deterioration in the operation and/or prop-

erty damage may occur.

IMPORTANT

Sections marked with this symbol point out important information on the
product or on handling the product.

Tip

Y ! r'd
',O\' Provides tips on application and other useful information.

6 © Berthold Technologies ® 69691BA24 ¢ Rev.00, 12/2024




Detectors LoopSeries LB 430 2 Operation

2.1

2.2

Operation

Operating Software

To configure and parameterize the detector via a PC, the connection must be es-
tablished. The connection through the interface to the detector is described in the
detector's operating manual. An FDT (Field Device Tool) frame application must be
installed on the PC, with which the DTM (Device Type Manager) can be opened.

The following describes the operation via the FDT frame application PACTware. To
use PACTware, the following software prerequisites must be met:

¢ Windows® operating system (32-bit XP, 32-bit Vista, 32-bit and 64-bit Win-
dows® 7, and Windows® 10/11) with administrator rights for installing the op-
erating software

¢ Installed Microsoft .NET Framework

e PACTware installation files

e Berthold DTM Library

Software installation

PACTware (Process Automation Configuration Tool) is a manufacturer- and
fieldbus-independent software for the easy operation of field devices. The latest
version can be downloaded for free from the website www.pactware.com.
Berthold provides a DTM Library, which allows the installation of applications for
density and level measurement.

PACTware

5 PACTware 5.0 Setup - X

— Welcome to the PACTware 5.0 Setup
b Wizard

The Setup Wizard wil install PACTware 5.0 on your
computer. Click Next to continue or Cancel to exit the Setup
Wizard.

o G

Fig. 1 PACTware installation.

© Berthold Technologies ® 69691BA24 ¢ Rev.00, 01/2025 7
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2 Operation Detectors LoopSeries LB 430

Berthold DTM Library

Berthold DTM Library (Evaluation Version) Setup
Wizard Verarbeite Berthold DTM Library (Evaluation Version)

(BERTHOLD,,

[the Buyer or if warranty is not given in accordance with Number  ~
7. Furthermore, the Buyer shall reimburse the Supplier with the
costs incurred for transport, travelling and subsistence as a result Bitte warten wahrend der Setup Wizard Berthold DTM Library (Evaluation Version) installert.
of the dispatch to the place of installation.

11, Further-reaching warranty claims against the Supplier and its Verarbete: Berthold DTM Lbrary (Evaluation Version)

icarious agents are excluded in accordance with Aricle X of the ]
"General Terms and Conditions of Delivery for Products and
Senices of the Electrical Engineering Industry”

|Applicable laws; Place of jurisdiction
[This agreement pertaining to licenses for ultimate users is

subject to the laws of the Federal Republic of Germany. Calw is
BERTHOLD, ,, ldeemed the place of jurisdiction.

[7]1ch stimme den Lizenzbedingungen zu

Fig. 2 DTM Library installation.

2.3 Start DTM with PACTware

After successful installation, the DTM can be started via PACTware.

Fig. 3 Starting PACTware.

1. Click on ,New Project”.
» The installed DTMs will be displayed in the right window.
Click on the symbol @ to display the installed DTM applications.
Click on the DTM application of the connected detector.
» The DTM application will be added to the project.

8 © Berthold Technologies ® 69691BA24 ¢ Rev.00, 12/2024




Detectors LoopSeries LB 430 2 Operation

4. Ensure that the correct COM port of the USB-HART interface is set under “Pa-
rameter”.

+& PACTware 6.1

Communicationirteface  HART modem ~

. Senal Interface ) [coM3 (MACTek VIATOR USB HART Modem) ~[f|
HART protocol Master [ e
Preamble 5
Number of communicationl 3
retres
Address sean Stan addess 0
End address. 0

Add device

Communication timeout 2 v seconds

Remove device

8 Mutimaster and Burst mode support

Exchange device

Rename

Copy

Connect

Parameter

Topology Scan
Additional functions »
Properties

Print

Fig. 4 Checking the COM-Port in PACTware 6.1.

5. Select the added DTM and establish the connection by right-clicking and se-
lecting ,,Connect”.

» Upon successful connection, green dots @ O will be displayed.
6. Start the DTM with a double-click.
» The DTM will be displayed in online mode.

PACTware W L

PACTware V" 14

Fig. 5 Start the DTM.

© Berthold Technologies ¢ 69691BA24 « Rev.00, 01/2025 9




2 Operation Detectors LoopSeries LB 430

IMPORTANT

It is possible to transfer the parameters of a connected detector to the offline
menu. The configuration saved in this way can then be transferred to another
detector in online mode. For more details, refer to Chapter 4 of this operating
manual - Main Menu Offline Parameters.

>~ LB 430_Density
Project. e q
eﬁ LB_430_Density
Device tag Berthold
A ok coms & i ion

o 2 15_130_pensity

PACTware W o

< Connected O Dataset | & ? || O

Fig. 6 Running DTM in online-mode.

10 © Berthold Technologies ® 69691BA24 ¢ Rev.00, 12/2024




Detectors LoopSeries LB 430 3 Main Menu: Online Parameterization

Main Menu: Online Paramete-
rization

3.1 Accessing the Main Menu: Online Parameterization

Accessing the online parameterization of the device is done through the main
menu tree of the respective connected application. In PACTware 6.1, right-click on
“Parameter” and then select “Online Parameterization”. Please note that the rep-
resentation of the main menus for accessing the application may vary across differ-
ent host systems.

+¥ PACTware 6.1

LB 430 Density
Berthold

Remove device
Exchange device

Rename

Copy

Disconnect

Load from device

Store to device
Parameter SR

Measured value 7 -
Online parameterization

Diagnosis

Additional functions
Properties

Print

Fig. 7 Accessing Online Parameterization in PACTware 6.1.

© Berthold Technologies ® 69691BA24  Rev.00, 01/2025 1




3 Main Menu: Online Parameterization

Detectors LoopSeries LB 430

3.2

General Information

NOTICE

Changes to the configuration and parameters may affect the behavior of any
connected controllers and can lead to unintended operating states.

Therefore, changes to the configuration and parameters must not be made with-
out a thorough understanding of this operating manual, as well as a clear un-
derstanding of the behavior of a connected controller and the potential impacts
on the controlled operating process.

IMPORTANT

The communication between the detector and the USB-HART interface is lim-
ited to 1200 baud. Accordingly, there is a loading time for data retrieved from

the detector.

—
v LB_430_Density

@ LB_430_Density

HART Specic Access [

<0 Connecte 4| 00w |2 2][0

Fig. 8 Menu Structure of the DTM in Online-Mode.

Symbols / Display- and Input fields

2.U| g

s 20] Digital Value [g/cm?]

Display Field / Input Field. When hovering over display
and input fields, a help text will be displayed.

The value cannot be displayed or is invalid.

The value / parameter has not been updated and is being
loaded from the detector.

A query from the assistant will be displayed.

Buttons with this symbol trigger the displayed command
when clicked.

The value has been entered / changed and has not yet
been sent to the detector via the ® Apply button.

The detector is in operation without any malfunction.

m-\ *e-\}-

This symbol appears in the case of a serious malfunction.
The measurement has been stopped.

12
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Detectors LoopSeries LB 430 3 Main Menu: Online Parameterization

A 4 This symbol appears when either maintenance work (e.g.,
calibration, curve adjustment, or backup/restore) has been
initiated or the detector has been switched to simulation

mode.

A\ This symbol appears when one or more parameters are
outside their manufacturer-specified limits.

© This symbol indicates that the device or the measurement

point requires maintenance, such as the replacement of
the radiation source.

(] Indicates the establishment of a connection with the de-
vice.
Buttons
*Close Closes the DTM window of the detector.
% Abort During an installation wizard, the routine can be aborted.

After aborting, the parameters that have already been en-
tered are saved and restored upon resumption.

% Next During the execution of a wizard, this button can be used to
open the next window of the routine.

* Apply All modified inputs will be applied and sent to the detector.

*Revert All changes made since the last save will be undone. This ap-

plies only to the displayed submenu.

IMPORTANT

A device data backup can be performed via the DTM after calibration. Addi-
tionally, a backup of the detector parameters can be transferred to a new de-
tector. The backup/restore process is described in detail in Chapter 4 of this op-
erating manual.

© Berthold Technologies ¢ 69691BA24 « Rev.00, 01/2025 13




3 Main Menu: Online Parameterization Detectors LoopSeries LB 430

3.3 Menu: Identification
3.3.1 Submenu: Identification | Device/Modules
3.3.1.1 Tab: Identification | Device/Modules | Device

The tab “Device” provides an overview of the configured characteristics of the
measuring point (Fig. 9, Pos.1), the factory settings of the detector (Fig. 9, Pos.2),
as well as information about the installed software version and the build number
(Fig. 9, Pos.3).

s LB_430_Density

@ LB_430_Density
Berthold

|

Anzlag Value 200/ ma ﬂ' Unlocked

(aerTHOLD

Device Tag Revision
Shart Tog 0a170103 Application Density

Leng Tag \a170103 Softw. Version 000200

HART Deseripter 1 Softw. Build No. 12542

LoopSeries

HART Date 1172008

Product Name 18 430

Expanded Device Type 170

DENSITY

Material No. 20

Seral No. 2 5

Senice Tag

Softw Version 000200

Softw. Bula No. 12542

B Connected 03] G Dotoset | 2[[2][[C

Fig. 9 Tab: Identification | Device/Modules | Device.

3.3.1.2 Tab: Identification | Device/Modules | Modules

The tab “Modules” provides information about the installed software version and
the build number (Fig. 10, Pos. 1) and an overview of the electronics revision as
well as the installed software version of all connected modules such as the frontend
module, the main module as well as the optional display, if connected (Fig. 10, Pos.
2 and Pos. 3).

14 © Berthold Technologies ® 69691BA24 « Rev.00, 12/2024




Detectors LoopSeries LB 430 3 Main Menu: Online Parameterization

A6 PACTware 6.1

\/ LB_30_Density

@\ LB_430_Density
on

) @ERTHDLD
d\un\acked
« serp
Revsion Modles
Devie = Application Density Blectranics e
Application [ Tyee = [Rev | n
ation [ ‘Softw, Version 1 00.0200 o ] 2z
5“:’:";‘ o ™ Softw, Build N 12592 0
HART Specific Access [
Softuare e
I e I 3
o] | 12us| ooozeo | |
| | | | |

Close

88 Comected [€3] 0 0atase [ 2] O

Fig.10 Tab: Identification | Device/Modules | Modules.

3.4 Menu: Assistants

The assistants allow you to start up the detector in a guided manner without ex-

tensive prior knowledge. If additional functions from the submenus are required,
these can also be activated and edited after calibration via the Quick Start Assis-

tant.

NOTICE

Errors in calibration or parameter settings can lead to incorrect measurement re-
sults. This may potentially cause production downtime or damage to the system.

For verification, we recommend performing a simulation to check the calibration

points.
In general, it is recommended to have the commissioning carried out by Berthold.

Tip
M ,' / In the assistant windows, the storage paths (e.g., Quick Start Assistant >
',Q\ Sensor > Sensor Parameters) of the settings and entered values in the Setup

= menu are displayed.

© Berthold Technologies ® 69691BA24  Rev.00, 01/2025 15




3 Main Menu: Online Parameterization Detectors LoopSeries LB 430

3.4.1 Submenu: Assistant | Quick Start Assistant

& PACTaare 1

\ LB_430_Density

@ I.;f‘; fo,nensity

“ E“D —— Device Header
. “EV’:"/ fodules Digitl Value 366|g/em® = (BERTHOLD
Analog Value 200 mA d Unlocked

Actons
[0 Quick start Assistant

Authentication ]
HART Speciic Access [

Jcomes /0 omee 2 7] 0]
Fig. 11 Submenu. Assistant [ Quick Start Assistant

16 © Berthold Technologies ® 69691BA24 ¢ Rev.00, 12/2024




Detectors LoopSeries LB 430 3 Main Menu: Online Parameterization

After clicking the % Quick Start Assistant button, a window with the query routine
will open. In the first step, there is the option to retrieve existing data from the
measurement parameter set to adjust only individual parameters. If the data is not
retrieved, the query routine will start with a pre-configured standard parameter
set. For a new calibration, the desired measurement mode must first be selected.
These modes, of course, differ between the "Density" and "Level" applications.

3.4.1.1 Copy of the measurement data into the calibration data
Quick Start Assistant Quick Start Assistant
'Would you like to recall the actual measurement parameters? | Yes v Copy measurement data set to calibration data set? | Yes
© ©
Quick Sia.rt Assistant
Copy succeeded.
)

Fig. 12 Submenu: Assistant [ Quick Start Assistant. Step 1: Copy of the mea-
surement data into the calibration data.

In the first step of the guided commissioning, you will be asked whether you want
to transfer an existing measurement parameter set into a valid calibration param-
eter set by copying it. This is particularly useful if the device is already calibrated,
and only specific points need to be modified.

Calibration data The calibration data set describes all the data that has been
set entered for the calibration of the measurement but has not
yet directly impacted the measurement itself.

To apply this data, it is essential to use the % Calibrate

function
Measurement The measurement parameter set describes all the data that
data set currently affects the ongoing measurement. Changing the

measurement parameters leads to a changed measurement
result even without recalibration. (e.g., offset and scaling
of the calibration curve).

Recall A recall transfers the current measurement parameter set

into a calibration parameter set. This ensures that any pa-
rameters modified in the meantime are included in the new
calibration.

© Berthold Technologies ® 69691BA24 « Rev.00, 01/2025 17



Kreft, Bernhard
Recall:
Ein Recall kopiert das aktuelle Parameterset (Kalibrier- und Messparameter). Damit ist sichergestellt, dass zwischenzeitlich geänderte Kalibrier- oder Messparameter in die neue Kalibrierung übernommen werden.
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3.4.1.2 Application density: selection of measurement mode

Quick Start Assistant

QuickStart Assistant » Appllication
Select application you like to setup...

Application Density i

Density
Concentration
Solid Content

o [ abort | [ Back | [ Nex |

Fig. 13 Submenu: Assistant [ Quick Start Assistant. Step 2: Selection of
Measurement Mode.

NOTICE

If you selected the option "Yes" in the previous step and generated calibration
data from the measurement parameter set, this step is no longer necessary.

Also, if application level is selected, this step is not necessary

Density Select "Density" if the detector is used for density meas-
urement. For more information about this measurement
mode, refer to Chapter 5 Calibration Methods and Curve
Types, Subchapter 5.2.1 Measurement Mode Density.

Concentration Select "Concentration" if the detector is used for concen-
tration measurement. Solid concentration refers to the
mass of solids within the total volume of the suspension.
The unit (e.g., g/l) should not be confused with density.
For more information about this measurement mode, re-
fer to Chapter 5 Calibration Methods and Curve Types,
Subchapter 5.2.3 Measurement Mode Concentration.

Solid Content Select "Solid Content" if the detector is used for measur-
ing the solid content. Solid content refers to the mass of
solids relative to the total mass of the suspension. This re-
sults in the unit %, understood as weight percent
[wt%/wt]. For more information about this measurement
mode, refer to Chapter 5 Calibration Methods and Curve
Types, Subchapter 5.2.5 Measurement Mode Solid Con-
tent.

18 © Berthold Technologies ® 69691BA24 ¢ Rev.00, 12/2024




Detectors LoopSeries LB 430 3 Main Menu: Online Parameterization

3.4.1.3 Input of identification parameters

@ Start Assistant

QuickStart Assistant > Device » |dentification

Short Tag 0A170103
Long Tag A170103
HART Descriptor

HART Message

HART Date 6/6/2024

o [ mbort || Back | [ Neat |

Fig. 14  Submenu: Assistant [ Quick Start Assistant. Step 3: Input of identifi-
cation parameters of the measurement point.

In the window Quick Start Assistant | Device | Identification, information about the
measuring point is entered.

Short Tag Optional entry of a short description for the measuring
point. Any text is allowed, with a maximum of 8 charac-
ters.

Long Tag Optional entry of a long description for the measuring
point. Any text is allowed, with a maximum of 32 charac-
ters.

HART Descriptor  Optional entry of a detailed description of the measuring
point, which will be transmitted via the HART protocol.
Any text is allowed.

HART Message Optional entry of a device message, which will be trans-
mitted via the HART protocol. Any text is allowed.
HART Date Entry of the date to be transmitted via the HART protocol.

It is recommended to use the commissioning date.

© Berthold Technologies ¢ 69691BA24 « Rev.00, 01/2025 19



Kreft, Bernhard
Es fehlen allgemein noch die Überschriften der Schritte:
1.) Übernahme von bestehenden Kalibrierdaten
2.) Auswahl des Messmodus
3.) Eingabe von Identifizierungsparametern
4.) Eingabe von lokalen und Systemzeiten
5.) Eingabe von Maßeinheiten
6.) Eingabe der Sensorparameter
7.) Einlesen der Hintergrundstrahlung
8.) Eingabe der Kalibriereinstellungen
9.) Einlesen der Kalibrierwerte
10.) Eingabe zusätzlicher Messparameter
11.) Kalibrierung
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3414 Input of local system time

In the "Date/Time" window, the current date and time must be entered. The cor-
rect date is required for the automatic decay compensation of the isotope. Since
the activity of the radiation source decreases over time, the calibration count rates
are automatically compensated based on the date.

Quick Start Assistant
QuickStart Assistant > Device > Date/Time
Country Code DE -
Year 2024 yr
Maonth June =
Day 6|d
Hour 11h
Minute 20| min
Second 5d|s

o [ abot |[ Back |[ Nea |

Fig. 15  Submenu: Assistant [ Quick Start Assistant. Step 4: Input of local sys-
tem time

3.4.1.5 Input of measuring units

By clicking on the respective dropdown list, the available units for the measure-
ments are displayed. The selected unit will be used in the display and in the cali-
bration settings.

Quick Start Assistant

QuickStart Assistant > Device > Units

Density Unit g/em® v
Product Density Unit g/em® i
Sensor Unit cps e
Temp. Unit *C i
Length Unit m e
Voltage Unit v i
Current Unit ma "

o [ mbort | [ Back |[ nNemx |

Fig. 16 Submenu: Assistant [ Quick Start Assistant. Step 5: Input of measur-
ing units.

20 © Berthold Technologies ® 69691BA24 « Rev.00, 12/2024
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3.4.1.6 Input of sensor parameters

Quick Start Assistant

CuickStart Assistant » Sensor > Sensor Parameter

Det. Code 1
Det. Code Descriptor CrystalSENS Nal (50x50)

MNuclide Cs-137 -

o [ mbort | [ Back | [ Nem |

Fig 17 Submenu: Assistant | Quick Start Assistant. Step 6: Input of detector
code and nuclide.

By setting the detector code, internal device parameters are adjusted to the used
scintillator size, the applied control, and the selected isotope. The correct detector
code for the current configuration can be selected from the dropdown list or found
in the table below. The correct detector code is pre-set at the factory, and usually,
no change is required. If the displayed detector code does not match the correct
measurement setup, it can also be changed at this point.

IMPORTANT

A change of the detector code between point and rod configurations (e.g., Det.
Code 0 — Det. Code 22) is difficult to reverse. In this case, please contact
Berthold Service. Make sure that the correct detector code is set, and if neces-
sary, only change it within the used detector type.

Detector Code Measurement Control and Nuclide

0 Ratio Control, Cs-137
1 Cosmic Control, Cs-137 oder Co-60
2 Ratio Control, Co-60

NOTICE

Incorrect settings can negatively affect the long-term stability of the device and
lead to other malfunctions.

© Berthold Technologies ® 69691BA24 ¢ Rev.00, 01/2025 21
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3.4.1.7

d radiation

Entry/Input of the backgroun

Quick Start Assistant

Background

QuickStart Assistant » Calibration > Background

45 cps

Back || MNext | [ Read-n

o [ abort ||

Quick Start Assistant

Background
Read-In Time

Count-Rate Deviation

QuickStart Assistant > Calibration > Background Read-In

45|cps
60|s

0.1/%

o |

abort | [ EBit | [ Nex |

Fig. 18
the background radiation.

Submenu: Assistant [ Quick Start Assistant. Step 7: Entry or input of

Background

The background count rate refers to the count rate meas-

ured by the detector without the influence of the used ra-

diation source.

This count rate originates from the loca-

tion-dependent natural background radiation. Accurate
recording of the background count rate allows for proper
decay compensation, thus influencing the long-term sta-

bility.

Before reading the background count rate, any influences
from artificial sources, including the radiation sources
used for measurement, must be excluded to avoid devia-
tions. The measurement duration in seconds is entered via

the % Read-In

Time button. The longer the read-in time is

set, the more accurate the result will be. A maximum devi-

ation between

two consecutive read-in operations can

also be specified.
The reading of the background count rate will automati-

cally end once

the system has reached either the desired

read-in time or a smaller deviation. The background count
rate value can also be entered manually if it is known.
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NOTICE

Even with a closed shield (Fig. 19, Pos. 1), the detector can still detect measurable
radiation, which can distort the measurement of background radiation. There-
fore, it is recommended to position the detector (Fig. 19, Pos. 4) at an appropriate
distance (approximately 10 m, Fig. 19, Pos. 3) during the determination of the

background count rate, or to shield it appropriately, for example, with a concrete
wall (Fig. 19, Pos. 2).

10 m =

Fig. 19  Recommended setup to determine the background radiation.
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34.1.8 Application density: Input of calibration settings

The following provides a brief explanation of the calibration settings that can be
made for measuring product density. The exact calibration settings for the density
applications depend heavily on the desired measurement parameter and its calcu-
lation. A detailed explanation of the calibration methods used, and their deriva-
tions can be found in Chapter XX of this user manual.

Selection of the calculation method

Quick Start Assistant

QuickStart Assistant > Calibration » CalSettings
Setup Method/Curve/Points..

Method Multipoint v

1-Point
Multipoint
Direct Entry

o [ abot | [ Back ][ Nex | [ calPoints
Direct Entry

Quick Start Assistant
QuickStart Assistant > Calibration > Coefficients Quick Start Assistant
QuickStart Assistant > Sig.Condition > Ranges/Damping
Coeff.0 0.0002+000
Coeff. 1 0.000e+000 Upper Range Val. 2.00|g/em®
Coeff. 2 0.000e-+000 Lower Range Val. 1.00|g/cm?
Coeff. 3 0.000e+000 Time Constant 30/s
o abort | [ Back | [ Net | o Abort | [ Back | [ MNem

1-Point
T e : Quick Start Assistant
QuickStart Assistant > Calibration > Measuring Path QuickStart Assistant > Calibration > Product Conditions
i 0300|m Absorption Coef: 6.600e-003|mkg

® mbort | [ Back | [ Net | o Abot | [ Back | [ Next
Multipoint

Qick: Start Assistant

CuickStart Accistant > Calibration » CurveType

Method Multipzint

Curve Typs Linzar
Limear
Square
Cukbic

” Mgort | | Mext |

Fig. 20  Submenu: Assistant [ Quick Start Assistant. Step 8: Input of calibra-
tion settings for density measurements.
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Method

Direct Entry If the coefficients of the calibration equation are known, they
can also be entered directly. This is the case, for example, if
the measurement has already been calibrated once, and the
coefficients from the previous calibration can be used. When
selecting direct entry, valid coefficients must be provided. The
type of calibration curve for direct entry corresponds to the
number of coefficients entered (2 coefficients - Linear, 3 coef-
ficients - Quadratic, 4 coefficients - Cubic).

1-Point For this calibration method, only one calibration point is re-
quired. To obtain a calibration equation, the measurement
path as well as the linear absorption coefficient of the me-
dium to be measured must also be specified. This calibration
method is particularly useful when, for example, no samples
can be taken for density measurement on a pipeline (e.g., due
to high flow rates), so no reference is available. In this case, a
one-point calibration can be performed with water, and the
absorption coefficient can be adjusted between the values of
[-10, 10], so that the resulting measurement effect meets the
desired conditions.

Multipoint Recommended calibration method when enough calibration
points, i.e., count rate-process value pairs, can be measured. A
multi-point calibration can be performed with at least 2 and a
maximum of 11 calibration points.

Curve Type

For the density application, the type of calibration curve defines the function to
which the measured calibration data should be fitted and is only selectable in the
case of multi-point calibration.

Reasons for changing the curve type can include more complex container geome-
tries or density fluctuations in the product to be measured. In such cases, it is pos-
sible to adjust the calibration curve accordingly to achieve more accurate measure-
ments.

Linear This option is used when at least two value pairs are available.
This curve type should also be used when multiple calibration
points are measured very close to each other, as in this case,
the entire measurement range is not covered.

Quadratic The quadratic calculation method can be selected when at
least 3 calibration points are available. It is only necessary in
exceptional cases and is used when the "linear" calculation
method results in measurement deviations.

Cubic The cubic calculation method should be used when the same
conditions as for the quadratic calculation method apply, but
at least 4 value pairs are available, and it is observed during
operation that the quadratic calculation method results in
measurement deviations in certain areas.
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3.4.1.9 Application level: Input of calibration settings

The following provides a brief explanation of the calibration settings that can be
made for measuring the level inside a vessel. The exact calibration settings for the
level application depend heavily on the measurement arrangement used. A de-
tailed explanation of the calibration methods and their derivations can be found
in Chapter 3.6 of this user manual.

Selection of calculation method and curve type
Quick Start Assistant
QuickStart Assistant » Calibration » Cal.Settings
Setup Method
Method 2-Paint v
1-Point
2-Paint
Multipoint
o abort | [ Back | [ Memt
1-Point
Quick Start Assistant Quick Start Assistant
QuickStart Assistant > Calibration > Measuring Path QuickStart Assistant » Calibration > Product Conditions
Distance 0.300/m Absorption Coeff. 6.603e-003 | m*/kg
Product Density 1.000|g/em?
o Aot | | Back | [ mea | o Abot | [ Back | [ Newt
2-Point
Quick Start Assistant (O E e e
- - o QuickStart Assistant » Calibration > Cal.Points » Info
QuickStart Assistant > Calibration > Cal.Settings
Setup Curve
Method 2-Point
Curve Type Linear
Curve Type Linear
REEIEEUAS fa=s Inverted Curve False
Points Required 2 Points
o [ abort | [ Back | [ calPoints | [ Net | (i ] [ Aot | [ Bt ][ &t ][ Readn
Multipoint
Qn'i:l:qtzrl Assistant Quick Start Assistant
uickStart Assistant > Calibration > CalSettings QuickStart Assistant > Calibration > Cal.Points > Info
Setup Curve
Method Multipaint
Curve Type Lingar
Curve Type Linear
Inverted Curve False v
Inverted Curve False
Points Required min. 3 max. 11 Points
o [ Abori | [ Back | [ CalPoins | [ Next | P [ Aot | [ &t | [ Edt | [ Readdn

Fig. 21

tion settings for level measurements.

Submenu: Assistant | Quick Start Assistant. step 8: Input of calibra-
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Method

1-Point

For this calibration method, only one calibration point is re-
quired. In order to obtain a calibration curve, the measurement
path as well as the linear absorption coefficient of the medium
to be measured must also be specified.

2-Point

Exactly two calibration points must be entered. The calibration
curve is linearly interpolated between these two points. For this
type of calibration, it is sensible to choose two calibration
points that span the entire fill level range (0% and 100%).

Multipoint

Multiple calibration points (minimum 3, maximum 11) can be
entered. Linear interpolation is performed between the individ-
ual calibration points. This calibration method provides the best
precision in any case.

NOTICE

For the 2-point calibration method, the precision of the calibration curve is great-
est at the two chosen calibration points. For intermediate values, deviations from
the actual fill level values may occur.

Curve Type

For the level application, linear and exponential curve types can be chosen. In ad-
dition, for the level measurement, the display of an inverted calibration curve can
be selected. This becomes relevant for backscatter measurement arrangements,
where the radiation source and the detector are mounted on the same side of the

container.

IMPORTANT

The selection of the exponential curve is only possible up to the 2-point calibra-
tion and is intended for special applications, such as absorption level measure-

ment. In a multi-point calibration, the calibration curve is determined more ac-
curately anyway, so an exponential curve is not needed.

Linear When selecting a linear curve in the level application, two cali-
bration points are required, which are connected by a straight
line.

Exponential When selecting an exponential curve type, an exponential

function of the following form is used:
Prozesswert = a * e ~**d*CPS | ¢
NOTE:

This curve type should only be used for absorption level mea-
surements, not for standard coverage measurements.

NOTICE

In a 1-point calibration, the second point of the exponential curve is calculated by
the system using the provided attenuation coefficient (u) and the measurement

path (d).
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3.4.1.10 Entry/Read-In of calibration points

Application density

Quick Start Assistant Quick Start Assistant

QuickStart Assistant > Cal.Points > Edit/Read-In

Y Ky e e Points Required min.2 max.11 Points

Set Paint Point-1
Edit Mode ~

Edit Mode
Read-In Mode Rate Value 2679 |cps.

Exit -

o Abort | [ Mext | o Abort | [ Bit | [ Neat

Application level

Process Value 1.20|g/cm?

Fig. 22 Submenu: Assistant | Quick Start Assistant. Step 9: Entry or Read-In

of calibration points.

If you have selected the calibration methods 1-Point, 2-Point, or Multipoint, three
options are available to you when editing the calibration table:

1.

NOTICE

Edit Mode: The calibration points are already known, for example, in the case
of detector replacement and previously conducted calibration. In this case, the
known calibration values can be manually entered into the table. To do this,
press the ®Edit button (Level application) or select ,Edit Mode” from the
drop-down menu (Density application).

Read-In Mode: If the device is undergoing its initial commissioning, meaning
the calibration values are entirely unknown, individual calibration values can
be read in. To do this, press the ® Read-In button (Level application) or select
“Read-In Mode” from the drop-down menu (Density application).

met for the chosen combination of calibration method and curve type.

ﬂ In this case, ensure that the minimum number of required calibration points is

3.

Exit: If the ® Exit option is selected, a factory-set calibration table will be used.
This will not correspond to the desired process calibration. This option should
be chosen if the goal is, for example, dummy calibration for functionality test-

ing.
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3.4.1.11

Input of Signal Processing Parameters

Ranges/Damping

Quick Start Assistant
QuickStart Assistant » Sig.Condition > Ranges/Damping
Upper Range Val. 2.00|g/cm?®
Lower Range Val. 1.00|g/em®
Time Constant 30(s
Abort | [ Back | [ Nex |

a |

Fig. 23 Submenu Assistant [ Quick Start Assistant. Step 10: Setting the

Measurement Range and Time Constant.

Upper and lower process value limit:

Under this setting, it can be specified which process value
the maximum current of 20 mA and which process value
the minimum current of 4 mA should correspond to.

Upper Range
Value / Lower
Range Value

The time constant determines the time window over
which a moving mean value filter is applied to the meas-
ured count rate, and is thus responsible for smoothing the
output signal. With small time constants (minimum 1 sec-
ond), faster process changes (approximately 3 seconds)
can be better responded to, but the signal will contain
more statistical noise. The default setting for the time
constant is 20 seconds.

Time Constant

IMPORTANT

The system needs approximately 3 times the time constants to represent 99%
of the process change. This means that with a default setting of 20 seconds, a
process change can be fully represented after about 60 seconds. Therefore, the
choice of the time constant is always a compromise between response time and
signal smoothing.

Scaling
Quick Start Assistant
QuickStart Assistant > Sig. Condition > Scaling
Scaling Factor 1
Scaling Offset 0.00/ g/em®
o [ avort | [ Bak | [ et |
Fig. 24  Submenu: Assistant [ Quick Start Assistant. Step 11: Scaling and Off-

set.
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3.4.1.12

Scaling Factor

A factor by which the measured value is multiplied. This
allows for correcting deviations in the calibration. It ena-
bles adjustment to changed operating conditions, such as
deposits or wear on the pipe wall, without the need for
recalibration. The default value is 1. The corrected display,
considering the offset and factor, is calculated as follows:

Display = Measured Value x Factor + Offset

Scaling Offset

If the measurement was calibrated in a different range,
the calibration curve can be shifted parallel by specifying
an offset, without the need to re-enter the calibration
values.

Calibration

Quick Start Assistant

How would you like to proceed? | Back -

Back
Exit without Calibration
Calibrate

o [ abort | [ Next |

Fig. 25  Submenu: Assistant [ Quick Start Assistant. step 12: Calibrate the de-

vice.

Calibrate

When the “Calibrate” option is executed by confirming
with ® Next, all entered data will be used to calibrate the
device accordingly. This process may take a few seconds.
During calibration, the device is set to the NAMUR status
"Function Check". A successful calibration is indicated
both by the pop-up "Calibration Successful" and by the
device switching to the NAMUR status "OK".

Exit without
Calibration

If the % Exit without Calibration option is selected, the
Quick Start Assistant will be exited without calibrating the
device. The calibration settings are saved, and calibration
can also be performed later through the setup menu.

30
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3.4.2 Submenu: Assistant | Application Assistant

The LoopSeries LB 430 detector offers the ability to switch between the two main
applications, level and density, as well as between the different measurement
modes of the density measurement.

With the help of the application assistant, the desired standard application (level
or density) can either be loaded from the external memory and the active applica-
tion in the internal memory overwritten, or the selected measurement mode of the
active application can be adjusted.

& PACTware 61

Device Header

Digital Value 266)gfem’® = @ER THOLD

Avclog Vaue 200 ma o Unlocked

petons

o Appiction Asison

Close.

|ec O o =20

Fig. 26 Submenu: Assistant [ Application Assistant.

If the density application is active on the detector, the first step of the application
assistant offers the choice between changing the measurement mode or uploading
a different base application.

Application Assistant

Would you like to setup new default application? | Yes

o Abort | [ Next

Application Assistant

Would you like to setup a new application{Density/Concentration/SolidCentent) from internal flash

or load and setup a new applicatien (e.g. Level) from external flash? applicationilirto e

| Application (Internal Flash)
| Application (External Flash)

i

Fig. 27  Submenu: Assistant | Application Assistant. Selection between
change of measurement mode or change of application (Only appli-
cable for application density).
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Application (In- Select the "Application (Internal Flash)" option to choose
ternal Flash) a different density measurement mode from the internal
flash memory.

Application (Ex- Select the "Application (External Flash)" option to acti-
ternal Flash) vate a new base application from the external flash
memory.

Application Assistant E

Select new application you like to setup...

Application Concentration =

Density

Concentration

Solid Content

)

Fig. 28  Submenu: Assistant [ Application Assistant. Switching the measure-
ment mode from internal flash. Only within density application.

To upload a new base application, a Target Device Type must also be entered along
with the application. This number ensures the correct addressing of the application
on the external memory.

F policafion Assistant
Enter application code ...
TargetDeviceType 255
i ] N

Fig. 29  Submenu: Assistant [ Application Assistant. Switching the base ap-
plication from external flash drive.

TargetDeviceType Desciption

114 Level application

112 Density application

NOTICE

The external flash process takes approximately 5 to 10 minutes. After this time,
briefly disconnect the device from the power supply and perform a restart with
the corresponding new DTM.

Tip
After the flashing process, an event may be reported (FO05: Memory cor-
rupted [FRAM]). In this case, please perform a repair reset, which will clean

up faulty memory units. Afterward, the device should be ready for use again.
If the error persists, please contact Berthold Service.
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3.4.3 Submenu: Assistant | Signal-Addon-Assistant

The Signal Add-on Assistant is used to activate various features to support the ac-
tive measurement, such as the Rapid Switch — or the X-Ray Interference Protection
(XIP) function.

& PACTaare 1

v LB_430_Density

@ LB fo,nensity

200/ mA d Unlocked
it St s [
=
|Ecrreics | B0 [2]7]]0)

Fig. 30  Submenu: Assistant [ SignalAddon Assistant.

Signal AddCns Assistant
Which Signal AddOn would you like to activate? | None hd
MNone
Rapid Switch
XIp
o Abort | [ Next
Signal AddOns Assistant Signal AddOns Assistant
AddOn Assistant > Rapid Switch AddOn Assistant > XIP
Delay Time 4
Factor 4
Freezing Time 20[s
Sigma Factor 10
Interference Factor 2
i ] [Cavor ][ [Nt | g [ o | [ B ][ Nex |

Fig. 31 Submenu: Assistant [ SignalAddon Assistant. Activation of Rapid
Switch or XIP.

Rapid Switch The activation of the rapid switch function is recom-

mended when process values can change very quickly and
sporadically (e.g., slurry detection in boreholes). When
such a rapid process change is detected, the fast switching
is automatically activated and sets the time constant to
1/10 of the set value, allowing the control unit to react
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Detectors LoopSeries LB 430

more effectively to this process change. When activating
fast switching, only the sigma value needs to be defined.
This specifies the factor by which the count rate must
change within two output cycles to activate the rapid
switch function.

Example calculation: The default value for sigma is 4.0,
meaning the count rate must increase or decrease by a
factor of 4 within two measurement cycles to activate fast
switching.

XIP

XIP - short for "X-Ray Interference Protection," describes
an internal function of the detector that detects stray ra-
diation and protects both the measurement and the de-
vice from such interference. This function is particularly
important when, for example, welding inspections are
frequently carried out at the installation site. When stray
radiation is detected with the XIP function activated, the
detector will stop measuring for a certain period, and the
measurement value will be frozen. This ensures that both
the internal decay compensation and the measurement it-
self are not affected. Additionally, the detector is effec-
tively protected from premature aging.

To activate the XIP function, the following settings must
be made:

1) Delay Time: Specifies the time after which XIP should
be triggered when stray radiation is detected. The de-
fault value is set to 4 seconds.

2) Freezing Time: Specifies the time the measurement
value should remain frozen after the delay time. A de-
fault of 20 seconds is recommended.

3) Sigma Factor: Defines a process signal-dependent
count rate at which XIP should be activated.

4) Interference Factor: Defines a process signal-depend-
ent threshold count rate at which XIP should be deac-
tivated after the freezing time.
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XIP- kurz für „X-Ray Interference Protection“ beschreibt eine interne Funktion des Detektors, mit welcher Fremdstrahlung erkannt wird und die Messung als auch das Gerät vor derlei Störeinflüssen gesichert wird. Diese Funktion ist insbesondere wichtig, wenn z.B. am Installationsort der Messung oft Schweißnahtprüfungen stattfinden. Wird bei aktivierter XIP-Funktion Störstrahlung erkannt, misst der Detektor für eine gewisse Zeit nicht mehr weiter und der Messwert wird eingefroren.  Somit ist sichergestellt, dass sowohl die interne Zerfallskompensation als auch die Messung selbst nicht beeinflusst werden. Zudem wird der Detektor vor früher Alterung effektiv geschützt.
Zur Aktivierung der XIP-Funktion müssen folgende Einstellungen gemacht werden:
1.) Verzögerungszeit: Gibt die Zeit an, nach welcher XIP bei der Erkennung von Störstrahlung ausgelöst werden soll. Der Standardwert ist auf 4 Sekunden eingestellt.
2.) Einfrierzeit: Gibt die Zeit an, in welcher der Messwert nach der Verzögerungszeit eingefroren bleiben soll. Als Standard werden hier 20 Sekunden empfohlen.
3.) Sigma Faktor: Legt eine Prozesssignal-abhängige Zählrate fest, bei welcher XIP aktiviert werden soll.
4.) Störungs-Faktor: Legt eine Prozesssignal-abhängige Grenzzählrate fest, bei welcher nach der Einfrierzeit XIP deaktiviert werden soll.
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344 Submenu: Assistant | Adjust Assistant

With the help of the Adjust Assistant, calibration curves can be modified without
the need to re-enter or re-read calibration data. This makes it easier, for example,
to correct wall effects or avoid re-calibration after the replacement of the radiation

source.

Level Adjust Assistant

Select Adjust Mode to be applied

Adjust Mode Lower Point

Lower Point
Upper Point
Standard -

o mport | [ Next

Level Adjust Assistant

Select Edit/Auto Read-In

Adjust Mode Edit e
Edit
Read-In

o mbort | [ Nest

Level Adjust Assistant

Adjust Made Standard
Adjust Level 0.00) %
Adjust Rate O|cps

o [ abort | [ Adjust

Fig. 32 Submenu: Assistant [ Adjust Assistant.

Lower Point Use this function if you:

¢ Replace the radiation source and a curve with
multiple calibration points has been entered.

e Want to calibrate the measurement with a calcu-
lated curve and only a blank adjustment, possibly
with a full adjustment.

Changes made through the Lower Adjust also affect the
entire calibration curve and will require the execution of
% Calibrate at the end.
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Upper Point Use this function if you want to adjust the entire calibra-
tion curve with an alignment of the upper calibration
point.

Changes made through the Upper Adjust also affect the
entire calibration curve and will require the execution of

% Calibrate at the end.

Standard Calculates a new calibration curve based on a pair of val-
ues (Adjust Level & Adjust Rate) and the stored calibration
table. The new calibration table will then overwrite the
existing one.

Changes made through the Standard Adjust also affect
the entire calibration curve and will require the execution
of ® Calibrate at the end.

NOTICE

The Adjust Assistant is only relevant for the level application and cannot be se-
lected in the density application.
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XIP- kurz für „X-Ray Interference Protection“ beschreibt eine interne Funktion des Detektors, mit welcher Fremdstrahlung erkannt wird und die Messung als auch das Gerät vor derlei Störeinflüssen gesichert wird. Diese Funktion ist insbesondere wichtig, wenn z.B. am Installationsort der Messung oft Schweißnahtprüfungen stattfinden. Wird bei aktivierter XIP-Funktion Störstrahlung erkannt, misst der Detektor für eine gewisse Zeit nicht mehr weiter und der Messwert wird eingefroren.  Somit ist sichergestellt, dass sowohl die interne Zerfallskompensation als auch die Messung selbst nicht beeinflusst werden. Zudem wird der Detektor vor früher Alterung effektiv geschützt.
Zur Aktivierung der XIP-Funktion müssen folgende Einstellungen gemacht werden:
1.) Verzögerungszeit: Gibt die Zeit an, nach welcher XIP bei der Erkennung von Störstrahlung ausgelöst werden soll. Der Standardwert ist auf 4 Sekunden eingestellt.
2.) Einfrierzeit: Gibt die Zeit an, in welcher der Messwert nach der Verzögerungszeit eingefroren bleiben soll. Als Standard werden hier 20 Sekunden empfohlen.
3.) Sigma Faktor: Legt eine Prozesssignal-abhängige Zählrate fest, bei welcher XIP aktiviert werden soll.
4.) Störungs-Faktor: Legt eine Prozesssignal-abhängige Grenzzählrate fest, bei welcher nach der Einfrierzeit XIP deaktiviert werden soll.
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3.5 Menu: Setup

3.5.1 Submenu: Setup | Device
3.5.1.1 Tab: Setup | Device | Identification

In the “Identification” tab, the factory-set product properties can be displayed,
and device tags can be edited.

& PACTware 6.1 - o x

\ LB_430_Density

@ I.;f‘; fo,nensity

Identification |Reset | Date/Time | Units | Display Format

Device Header

Digital Value 366/ g/em® ¥ (BERTHOLD
Anslog Value 200/ma o Uniocked

Device Tag Product

HART Message Product Name 18 430

HART Descriptor Applicaion Densty i
) Long Tag At70103 Device I i LoopSeries
HART Specific Access [ ShortTag oatrot03 Expanded Device Type =0 LB 430
HART Date 1/172008] | serisl No 15
Materis No. =
SeniceTag
Softw. Verson 000200
Softw. Bud No. 12502

lscmes [Bl0one 220

Fig. 33  Tab: Setup | Device [ Identification.

3.5.1.2 Tab: Setup | Device | Reset

& PACTware 6.1 - o x

v LB_430_Density

@ I.;f‘; fo,nensity

[

Analog Value 200ma s
Actions -
80 system reset ‘
[8 RepairReset ‘
 hentestion = [0 Factory Reset ‘

HART Specific Access [

fscomes 0o 2210

Fig. 34  Tab: Setup | Device | Reset.

In this tab, the detector can be restarted or reset to the factory settings. Three
different types of resets are available:
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Reset Description

Systemneustart des Komplettgerates. Alle Einstel-

%o
BTSSRy lungen und Kalibrierdaten bleiben erhalten.

Systemneustart der Prozessoreinheit. Korrumpierte
% Repair Reset Dateien in Flash-Speicher werden repariert. Nach Ap-
plikationswechsel auszufihren.

Zuricksetzen des Gerates auf Werkseinstellungen.
% Factory Reset Samtliche Kalibrierdaten und Einstellungen gehen
verloren.

NOTICE

If a communication interruption occurs during a detector software update, rein-
stallation may no longer be possible. By using the % Repair Reset, button, the
connection to the detector can be restored, and the update can be restarted.

3.5.1.3 Tab: Setup | Device | Date/Time

+& PACTware 6.1
=
e =] ercaion ] e Determe Ui Do Fomat
e eader
Digital Value 368 g/em® . (BERTHOLD
Analog Value 200|ma d Unlocked
e
Spemoneme 060724 1433
* 2ty
erin =
oy s
bour o
e a
ot 5
e
|Ecrreics | B0 [2]7]]0)

Fig. 35  Tab: Setup | Device | Date/Time.

In the "Date/Time" tab, the date and time can be entered or changed. The correct
date is required for the automatic decay compensation of the isotope. Since the
activity of the radiation source decreases over time, the calibration count rates are
automatically compensated based on the date.
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3.5.14 Tab: Setup | Device | Units
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Fig. 36 Tab: Setup | Device [ Units.

In the "Units" tab, the available units for the measurement values are listed by
clicking the respective selection arrow. The selected unit will be used in the dis-
play and in the calibration settings.

3.5.1.5 Tab: Setup | Device | Display Format
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Fig. 37  Tab: Setup | Device | Display Format.

In the "Display Format" tab, the number of decimal places for the respective val-

ues can be defined. By pressing the % Reset to Default button, the factory-set
decimal places will be restored.
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3.5.2 Submenu: Setup | Application
3.5.2.1 Tab: Setup | Application | Sensors
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Fig. 38  Tab: Setup | Application | Sensors.

In the "Sensors" tab, the raw count rates of the photomultiplier and the detector
temperature are displayed. In the "Photomultiplier Settings" field, the detector
code and the voltage can be modified.

By setting the detector code, the internal device parameters are adjusted to the
used scintillator size. The correct detector code is set at the factory, and changes
are generally not required.

NOTICE

The default voltage is preconfigured by Berthold, and typically, no changes are
necessary. The use of the "Manual" mode as a normal operating mode for high-
voltage control is not recommended by Berthold. The "Manual" selection should
only be used for service purposes.
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3.5.2.2 Tab: Setup | Application | Calibration
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Fig. 39  Tab: Setup | Application [ Calibration.

In the "Calibration" tab, all settings for calibrating the measurement system can
be configured. It is important to note that the configured calibration parameters
will only affect the measurement after executing the % Calibrate function.

NOTICE

Damage to the device or system!

Errors in calibration or parameter settings can lead to incorrect measurement re-
sults. This may potentially result in production downtime or damage to the sys-
tem.

» We recommend having the calibration and commissioning performed by
Berthold Service.

Calibration Settings

In the "Cal. Settings" field, basic calibration settings are defined in the selection
fields "Method" and "Curve Type." More information can be found in Chapter 3.6
Calibration methods and curve types.

In the "Background" field, the background count rate is displayed, which can be
determined in the "Read-In" submenu.

In the "Nuclide" selection field, the isotope used can be selected. The isotope of
the radiation source must be chosen. The source isotope is specified on the type
plate of the shield.

In the "Cal. Range Value" field, the lower and upper limits of the process range for
the active measurement parameter set can be configured. These values define the
signal range of the analog current output (4 ... 20 mA or 0 ... 20 mA).

NOTICE

ﬂ The Cal. Range Values must be within the Cal. Range Limits, which are displayed

in the box above and are dependent on the calibration points in the calibration
table.
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Calibration Points

In the "Cal. Points" field, you can add, edit, and delete calibration points.

NOTICE

The number of calibration points is determined by the selection in the "Me-
thod" field.

> Please refer to the details in Chapter 3.6 Calibration methods and curve types.
for further guidance.

The inputs and adjustments to the calibration points can be checked using the %
Validate button. When the % Calibrate button is clicked, the validation process is
automatically performed, followed by calibration.

The % Recall button allows you to overwrite the measurement parameter set into
the calibration parameter set.

3.5.2.3 Tab: Setup | Application | Read-In

4§ PACTware 6.1 - o x
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Close

Fig. 40  Tab: Setup | Application [ Read-In.

In the tab "Read-In", you can configure the read-in time for background determi-
nation and calibration points. The read-in process can then be started using the %
Read-In buttons. Two options are available for determining the read-in time and
accuracy, providing flexibility to suit your specific requirements.

Read-In Time The maximum read-in time can be configured. By default,
the system sets a read-in time of 120 seconds for back-
ground count rates and 60 seconds for calibration points,
which typically have significantly higher count rates.

The minimum Read-In Time that can be configured is 60
seconds.

Count-Rate De- This setting allows you to specify a desired average devia-

viation tion of the count rate in percentage. If the desired devia-
tion is achieved during the read-in process, the routine will
be completed before the configured time elapses.

The higher the set deviation, the less time is required for
the read-in process.
By default, the deviation is set to 0.1%.
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3.5.24 Tab: Setup | Application | Measurement
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Fig. 41  Tab: Setup | Application | Measurement

The tab "Measurement" provides an overview of the current measurement set-
tings. The following elements can be viewed and verified:

Meas. Settings: Displays the relevant settings for the measurement (Fig. 41,
Pos. 1).

Meas. Points: Shows the current calibration table (Fig. 41, Pos. 2), providing an
overview of the calibration values currently in use.

Meas. Curve: Enables visualization and verification of the measurement curve
(via the % Meas. Curve button, Fig. 41, Pos. 3).
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3.5.2.5 Tab: Setup | Application | Signal Conditions
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Fig. 42  Tab: Setup | Application [ Signal Condition.

In the "Signal Conditions" tab, you can see the range limits and configure the
range values, damping (time constant), and scaling.

Upper/Lower Range
Limit

Displays the lower limit of the measurement range,
which is calculated by the system based on the calibra-
tion.

The values of the defined measurement range (Up-
per/Lower Range Value) must lie within these limits.

Upper/Lower Range
Value

Upper and lower process value limit:

Under this setting, it can be specified which process
value the maximum current of 20 mA and which pro-
cess value the minimum current of 4 mA should corre-
spond to.

Time Constant

The time constant determines the time window over
which a moving mean value filter is applied to the
measured count rate and is thus responsible for
smoothing the output signal. With small time con-
stants (minimum 1 second), faster process changes (ap-
proximately 3 seconds) can be better responded to, but
the signal will contain more statistical noise. The
default setting for the time constant is 20 seconds.

Scaling Factor

A factor by which the measured value is multiplied.
This allows for correcting deviations in the calibration.
It enables adjustment to changed operating condi-
tions, such as deposits or wear on the pipe wall, with-
out the need for recalibration. The default value is 1.
The corrected display, considering the offset and fac-
tor, is calculated as follows:

Display = Measured Value x Factor + Offset

Scaling Offset

If the measurement was calibrated in a different
range, the calibration curve can be shifted parallel by
specifying an offset, without the need to re-enter the
calibration values.
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3.5.2.6

NOTICE

Changes to the Scaling Offset and Scaling Factor directly affect the measured
value.

Tab: Setup | Application | Output
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Fig 43 Tab: Setup | Application [ Output

Here, you can activate or deactivate the monitoring of the 4 ... 20 mA current sig-
nal. The monitoring checks whether the set current is flowing in the current loop
and reports an error if there is a deviation. Additionally, the alarm mode can be
configured, meaning you can determine which error current will be output in the

event of a failure.

Alarm Mode High In the event of a failure, the current output will be set
to >21 mA.

Alarm Mode Low In the event of a failure, the current output will be set
to <3.6 mA.

If there are deviations between the setpoint and the actual value of the current
signal, the current output can be recalibrated. The ® Current Loop Adjust / Mon-
itoring button allows for the verification or calibration of the current output.
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3.5.2.7 Tab: Setup | Application | Alarms
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Fig 44 Tab: Setup [ Application [ Alarms.

In the "Alarms" tab, both the Switch Alarm (" Alarm Switch" in Fig. 40, Pos. 1) and
the Standard Alarm ("Alarm 1" in Fig. 40, Pos. 2) can be configured. Different
settings can be made for both alarm systems.

Alarm State Indicates whether the alarm is active (" Active") or in-
active ("Not Active").
Alarm Mode Alarm Switch:

Here, you can choose between ,Continuous” and
sDiscrete” modes.

¢ In ,Continuous” mode, the measurement signal is
represented over or under the switch value via the
current output.

e In ,Discrete” mode, only the two switch current
values are differentiated.

Alarm 1:

Differentiates between ,Upper Alarm”, ,Lower
Alarm”, and ,Upper AND Lower Alarm”.

This allows setting upper or lower alarm limits for the
selected process variable. The threshold and hysteresis
settings are automatically adjusted to match the cho-
sen mode.

Alarm Function Selection between ,,Overflow Alarm” and ,Under-
flow Alarm”. This option is only available for the
Switch Alarm.

e Overflow Alarm: The alarm is activated when the
value exceeds the set threshold.

e Underflow Alarm: The alarm is activated when the
value falls below the set threshold.

The choice of alarm function directly impacts the ,Dig-
ital Output Signal”.

Example:

46 © Berthold Technologies ® 69691BA24 ¢ Rev.00, 12/2024




Detectors LoopSeries LB 430 3 Main Menu: Online Parameterization

e If ,Overflow Alarm” is selected with a threshold
at 80% and a hysteresis of 5%, the alarm will deac-
tivate at 75%.

e If ,Underflow Alarm” is selected with a threshold
of 20% and the same hysteresis, the alarm will de-
activate at 25%.

Digital Output Sig-
nal

Only for the Switch Alarm. Depending on the chosen
alarm function, either a ,,LOW to HIGH" signal (for
Overflow Alarm) or a ,HIGH to LOW" signal (for Un-
derflow Alarm) will be output.

Analog Output Sig-
nal

Here, the analog output signal can be adjusted. The
following configurations are available:

e 8mAto 16 mA
e 16 mAto8mA
e 4mAto 20 mA
e 20mAto4mA

Alarm Source /
PV/SV/TV/QV is/
Actual Value

Only available for Standard Alarms. The Switch Alarm
is limited to the Primary Value (PV). Here, the source
HART variable for the alarm (PV/SV/TV/QV) can be set.
The physical variable mapped to the selected HART
variable will be displayed in the ,PV/SV/TV/QV is"
field. The current value of this variable will be visible in
the , Actual Value” field.

Threshold The Threshold defines the limit above which the alarm
will be triggered.
Hysteresis The Hysteresis defines the value below (or above)

which the alarm will no longer be triggered once it has
been activated.

Example:

e |If ,Upper Alarm” is selected with a threshold at
80% and a hysteresis of 5%, the alarm will deacti-
vate at 75%.

e If ,Lower Alarm” is selected with a threshold of
20% and the same hysteresis, the alarm will deacti-
vate at 25%.
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3.5.2.8 Tab: Setup | Application | Measurement Simulation
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Fig 45 Tab: Setup | Application | Measurement Simulation.

In the tab "Simulation”, it is possible to simulate the live count rate, the averaged
count rate, the detector temperature, as well as the process value or the analog
current output, to test the functionality of the configuration.

To simulate a specific process value, the "Simulation Status" option must first be
set to "On." The simulated value can then be entered in the "Simulated Value"
field, while the measured values are displayed in the respective fields: "Live Rate,"
"Avg. Rate," "Det. Temperature," and "Digital Value."

The analog current output can be simulated using the "Analog Output 1" box. To

do so, a value to be simulated must be entered, and the % Simulate Value button
must be pressed.

The simulation is started by clicking the % Apply button.

NOTICE

Don't forget to switch from ON to OFF after testing or to restart the device; oth-
erwise, the test values will remain frozen.

48 © Berthold Technologies ® 69691BA24 ¢ Rev.00, 12/2024




Detectors LoopSeries LB 430 3 Main Menu: Online Parameterization

3.5.3 Submenu: Setup | Communication

3.5.3.1 Tab: Setup | Communication | Communication
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Fig 46 Tab: Setup | Communication | Communication.

In the "Communication" tab, you can view the factory-set product properties (Fig
46, Pos. 1), the revision status of the HART protocol (Fig 46, Pos. 2), and the assigned
HART variables. By pressing the % Set HART Address button, a new HART address
can be assigned to the device for communication with the control system.
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3.6

Calibration methods and curve types

The basic principle of radiometric measurement systems lies in the interaction of
gamma radiation with a product to be measured and the detection of the radiation
after this interaction. As shown in Fig 47, the setup of a radiometric measurement
requires a radioactive source, a container with the product to be measured, and a
detector for gamma radiation. For simplicity, the explanation here employs a basic
density measurement using a point source-point detector arrangement on oppo-
site sides of the container. However, it should be noted that more complex ar-
rangements are possible for radiometric measurements, especially for level detec-
tion. These are explained in more detail in the corresponding Chapter 3.6.1.2 Typi-
cal measurment arrangements.

If the gamma radiation has an initial intensity I, at the source, it is attenuated to
an intensity I after passing through the container and interacting with the meas-
urement product. This process is physically described by the law of absorption:

I=1,- e~ Hpd

4—— Absorptionsweg (d) —p

Quelle Detektor
(To) Produkt (i, p) (n

Behalter

Fig 47 Setup of a radiometric measurement.

Here, p represents the density of the material being penetrated, and d denotes the
absorption path, i.e., the distance the radiation travels from the source to the de-
tector. The parameter u refers to the mass attenuation coefficient, which is both a
property of the material being penetrated and dependent on the radiation's en-
ergy.

It is worth noting that for many common radiation energies (e.g., from Cs-137 or
Co-60), the dependence of u on the material being penetrated is negligibly small.

The intensity I is typically measured as a count rate at the detector, which reflects
the number of gamma quanta detected by the scintillation counter in the form of
light flashes. For more information on scintillation and the technology underlying
our radiation detectors, please visit our Knowledge Base at www.berthold.com.
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3.6.1 Application: Level

The radiometric determination of the level in containers is based on the coverage
of the radiation field emitted by the radioactive source by the material inside the
container. The higher the level of the material, the more the radiation field gen-
erated by the source is covered, resulting in a lower measurement signal.

3.6.1.1 Calibration of a level measurement

When calibrating a level measurement system, a calibration curve must be deter-
mined that links the level within the container to a specific count rate I measured
by the detector. The system then calculates the continuous level along this curve,
even between the empirically determined calibration points.

Since the shape of the calibration curve for arbitrary arrangements of the source
and detector depends on numerous factors — such as the detector's sensitivity, the
angle of incidence of the radiation, the geometry of the container, and the energy
of the radiation source — radiometric systems must support multiple calibration
methods. This flexibility ensures that these systems can effectively accommodate a
wide range of measurement configurations.

2-Point calibration - linear curve

For calibration, exactly two count rates I are required. These should represent the
minimum (hereafter referred to as 0) and maximum (hereafter referred to as 1)
levels within the sensitive measurement range to achieve the highest measurement
accuracy. Between these two points, the measured value is linearly interpolated.

This calibration method assumes that the system's calibration curve is strictly linear.
The linearity is described by the following equation:

I(Level) = m - Level + ¢

Level

L

- Count Rate

Fig 48 2-Point calibration — Linear Curve.

The slope of the line m and the intercept with the y-axis ¢ are determined based
on the two calibration points 1(0) and I(1) as follows:
c=1(0)
m=1(1) —1(0)
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IMPORTANT

A linear calibration curve for level measurements is not feasible for all meas-
urement configurations but is essential for this type of calibration. For config-
urations using rod sources from Berthold, this calibration method can be ap-
plied without concern. However, configurations with point sources may ex-
hibit significant deviations between the two calibration points, making the
linear assumption less accurate in those cases.

2-Point calibration — exponential curve

Similar to the linear 2-Point calibration, exactly two count rates I are required here
as well. These should also represent the minimum (hereafter referred to as 0) and
maximum (hereafter referred to as 1) levels within the sensitive measurement
range to achieve the highest measurement accuracy.

The two count rates are logarithmized, and linear interpolation is performed be-
tween the logarithmized values. The relationship is expressed as:

Level = m-Ini(Level) + ¢

By applying the reverse transformation, the following calibration curve equation
is obtained:

Level-c

I(Level) = e~ m

&

Level

v

- Count Rate

Fig 49 2-Point calibration — Exponential curve.

IMPORTANT

Exponential 2-Point calibration is intended only for specialized applications
where the calibration curve resembles an exponential function and multi-
point calibration is not possible. An example of this is absorption level meas-
urements with a point-source point-detector arrangement (Fig. 49). This ar-
rangement is explained in more detail in the following Chapter 3.6.1.2 - Typi-
cal measurement arrangements.
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Multipoint calibration

In some configurations, it is not possible to achieve a linear calibration curve due
to various factors such as the radiation field geometry, container geometry, or the
specific arrangement used. In such cases, multipoint calibration can be utilized. A
minimum of two and a maximum of eleven calibration points are recorded. Linear
interpolation is performed in the segments j between the respective calibration
points I;_; und ;.

I(LEVE1egment]') = mSegmentj ' LevelSegmentj + CSegmentj

A nonlinear calibration curve can thus be approximated by a maximum of 10 linear
segments.

Level

- CountRate

Fig 50 Multipoint calibration.

The slopes mgegmentj aNd y-axis intercepts csegmentj Of the respective segments are
determined by the system based on the adjacent calibration points ;_; und I;,,
just as in the linear two-point calibration.

Csegmentj = Ij—l
Msegmentj = Ij+1 - Ij—l

IMPORTANT

Multipoint calibration provides the highest accuracy in almost all level meas-

urements with the fewest required prerequisites. It is therefore recommended

to use this calibration method whenever possible. All other calibration meth-
ods are associated with assumptions. Not meeting these assumptions can lead
to significant deviations in the measured value.
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1-Point calibration - linear curve

The linear one-point calibration can be used when it is not possible to determine
more than one calibration point. This calibration method requires a count rate I,
at any level n, the product and gas density (p;, pg), the background count rate Igg,
as well as the absorption path d and the mass attenuation coefficient of the prod-
uct p. The system then calculates the count rates at 0% and 100% fill levels approx-
imately and performs a linear interpolation like a two-point calibration.

In - IBG

Loy, = n
11009 (1~

+1
e~w(pL-pe)d) BG

Liooy = (oo, — ) - € #PL7POYE 4 [y

g.
. ]
. Count Rate :

Fig 51 1-Point calibration - linear curve.

IMPORTANT

It is important to note that the following assumptions must be made when us-

ing the linear one-point calibration method:

1. Linearity of the Calibration Curve

This is only accurately achieved when using a rod source with a pre-
cisely planned activity distribution. When point sources are used, the
calibration curve is generally nonlinear. The use of multiple point
sources can partially linearize the curve.

2. Knowledge of the Correct Product and Gas Density
In practice, determining the product and gas density is challenging,
and estimated or calculated values are often used, which can signifi-

cantly deviate from actual values. If incorrect values for product and
gas density are used in the calculation, the computed count rates will

also be inaccurate.
3. Internal diameter of the

container matches the absorption path

In continuous radiometric level measurements (excluding absorption-
based level measurements), the average absorption path is always
larger than the container’s internal diameter due to geometry. The
difference increases with the beam angle of the radiation field.

If these assumptions are not fully or only partially met, the calculated calibra-
tion curve will deviate correspondingly from the actual calibration curve.
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1-Point calibration — exponential curve

The exponential one-point calibration can be used when it is not possible to deter-
mine more than one calibration point, and it is known that the calibration curve
follows an exponential trend. This calibration method requires a count rate I, at
any level n, the product and gas density (o, p¢), the background count rate Igg,
the absorption path d at 100% level, and the mass attenuation coefficient of the
product u benétigt.

The system approximates the count rate I;4q¢, at 100% level and performs a linear
interpolation using the logarithmic values Inl, and Inl ., like an exponential
two-point calibration.

n
Ligoy, = (I — Igg) - e‘“'(pL_PG)'dloo%'(l_To%) i

e
. L
. Count Rate '

Fig 52 1-Point calibration — exponential curve.

WICHTIG

It is important to note that the following assumptions must be made when us-
ing the linear one-point calibration method:

1. Knowledge of the correct product and gas density

In practice, determining the product and gas density is challenging, and
estimated or calculated values are often used, which can significantly
deviate from actual values. If incorrect values for product and gas den-
sity are used in the calculation, the computed count rates will also be
inaccurate.

2. Internal diameter of the container matches the absorption path

In continuous radiometric level measurements (excluding absorption-
based level measurements), the average absorption path is always
larger than the container’s internal diameter due to geometry. The dif-
ference increases with the beam angle of the radiation field.

If these assumptions are not fully or only partially met, the calculated calibra-
tion curve will deviate correspondingly from the actual calibration curve.

An exponential one-point calibration, like the exponential two-point calibra-
tion, is only suitable for specific measurement arrangements, such as absorp-
tion-based level measurement, and should not be used for any other setup.
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3.6.1.2

Typical measurment arrangements

Point source — Rod detector

.l

Fig 53 Measurement arrangement: Point source — Rod detector

Fuallstand in %

Zahlrate

The point source-rod detector arrangement is the simplest and most cost-effective
way to realize a level measurement and is considered a standard setup. The point
source is typically mounted so that it forms a line with the upper limit of the sensi-
tive detector area. The beam angle of the source is chosen to illuminate the entire
sensitive area of the detector. Due to the geometry of the setup, the calibration
curve tends to have a parabolic shape, as both the amount of material being irra-
diated and the angle of incidence of the radiation vary along the sensitive detector
area. While a two-point calibration is possible, a multipoint calibration is clearly
recommended to achieve the required measurement accuracy across the entire
range.
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Rod source - Point detector

Fullstand in %

Zahlrate

Fig 54 Measurement arrangement: Rod source — Point detector

The rod source-point detector arrangement is the simplest setup that allows for
control of the radiation field in such a way that a true linear calibration curve re-
sults. In this arrangement, the density of the winding of the radioactive cobalt wire
in the rod source is controlled during production to compensate for the nonlinear
radiation field geometry.

A clear advantage of this setup is that it provides a technically elegant solution for
level measurement. On one hand, the linearity of the calibration curve is ensured,
which allows the system to be easily commissioned with a simple two-point calibra-
tion and provides the best accuracy between the two calibration points. On the
other hand, the use of rod sources typically involves the isotope Co-60, which emits
approximately twice the gamma energy compared to the isotope Cs-137, which is
preferably used in point sources. This results in reduced influence from variables
such as fluctuating gas pressure, process deposits, or weld inspection on the meas-
urement. Another advantage of this arrangement is the simplified replacement of
detectors should a malfunction occur.
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Rod source — Rod detector
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Fig 55 Measurement arrangement: Rod source — Rod detector.

With a rod source-rod detector arrangement, a linear calibration curve can be spe-
cifically tailored to the measurement setup through the special winding of the co-
balt wire. Compared to the rod source-point detector arrangement, this setup re-
quires less complex winding of the cobalt wire, as the geometry of the radiation
field itself ensures the linearity of the calibration curve. Only the container geom-
etry or product properties need to be considered during custom manufacturing.

Advantages of this arrangement include, on one hand, the linearity of the calibra-
tion curve, allowing the system to be easily commissioned with a simple two-point
calibration without deviations. On the other hand, the use of rod sources involves
the isotope Co-60, which emits approximately twice the gamma energy of the iso-
tope Cs-137, which is primarily used in point sources. As a result, variables such as
fluctuating gas pressure or process deposits have less influence on the measure-
ment.

However, weld inspections may have a slightly greater impact on the measurement
due to the use of rod detectors. Therefore, the use of the X-Ray Interference Pro-
tection (XIP)- or the Radiation Interference Discrimination (RID) function
(www.berthold.com) is recommended.
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Point source — Point detector (Absorption level measurement)

&

Level

v

- Count Rats

Fig 56 Measurement arrangement: Point source — Point detector for absorp-
tion level measurement.

The point source-point detector arrangement is typically used for density or switch
measurements and is only applied in a few exceptions for level measurement. This
is a more specialized application, generally referred to as "absorption level meas-
urement," which, as the name suggests, involves an absorption measurement ra-
ther than a measurement of radiation field coverage. In this arrangement, mul-
tipoint calibration is also recommended, as factors such as container geometry, gas
pressure, or product properties cannot be ignored. If only two calibration points
can be recorded, an exponential two-point calibration is recommended, as it better
describes the absorption of gamma radiation by the medium than a linear calibra-
tion curve.
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3.6.2

Application: Density

The radiometric determination of density works differently from level measure-
ment. Here, the focus is not on how much radiation is shielded by the measured
product, but rather on how much gamma radiation is absorbed as it passes through
the material. If the absorption path d and the mass attenuation coefficient p re-
main constant, the material's density can be calculated using the attenuation law
along with the measured and reference radiation intensities.

This means that the measurement signal decreases as the density of the measured
product increases. By measuring the density, other process values that depend on
it can also be determined. These process values are part of the density application
and are referred to as the "measurement mode" in Berthold devices.

ole | *nlise
g

X

Fig. 57  Different measurement arrangements for density applications. A
standard application with a 90° beam angle (a), which can be used
for large pipelines, a 45° beam angle arrangement (b) to increase the
absorption path, and an arrangement on an S-bend (c), where the
pipeline’s curve is utilized to create a large absorption path.

The measurement setup plays a less important role in the calibration possibilities
for density measurement, unlike in level measurement. In most cases, density is
measured on pipelines. A critical factor in this setup is the length of the absorption
path. If the absorption path is too short, only a small amount of gamma radiation
is absorbed by the product, resulting in a small measurement effect. Therefore, in
addition to the standard arrangement (Fig. 57, a), for small pipelines, measure-
ment setups at a 45° angle (Fig. 57, b) as well as setups on an S-bend (Fig. 57, ¢) are
used to increase the absorption path.

For the calibration of density measurements, the chosen measurement mode plays
a significant role, as the required calibration curves can vary significantly due to
the different definitions of the density of a material, depending on the desired
process values.
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3.6.2.1

3.6.2.2

Measurement Mode: Density

This measurement mode is used to determine the density value of a single meas-
urement product. For material mixtures, it is recommended to use the measure-
ment mode for concentration or solid content. Based on the attenuation law,

I=1I,- e—Hpd

the density of the measured product can be expressed as a linear function of the
logarithmic count rates InI:

p

L i+t

T ud " Tad e
=aq aop

or equivalently:

p
=a,-Inl+ag

The use of logarithmic count rates allows for a simple linear calibration for density
measurement on containers, either through multipoint or 1-point calibration or by
directly entering the equation coefficients.

Calibration of a density measurement

Multipoint calibration

The user must record both the background count rate Iz; nd at least 2 (up to a
maximum of 11) calibration points, i.e., pairs of calibration density M and the cor-
responding calibration count rate I;,.The free parameters of the calibration curve
can then be determined through regression of the logarithmic count rates.

Linear regression

9
&
Density

In{Count Rate)

Fig 58 Linear regression (Density).

In linear regression (curve type "Linear"), the calibration points are fitted to a
straight line of the form:

M = ay + a;(In(Iy — Igg))

The choice of this calibration curve form requires at least 2 calibration points.
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IMPORTANT

In addition to a simple linear regression, options for quadratic or cubic regres-
sion curves are also available. The reason for this is that the logarithmic count
rates may appear nonlinear due to factors such as complex geometries of the
process containers or disturbances like agitators or sieves. In such cases, nonlin-
ear curve types can be used for regression to best compensate for these influ-
ences. It is therefore always recommended to check the deviation of the cali-
bration points for linearity after recording, so that the calibration can be ad-
justed if necessary. Furthermore, it is important to note that at least 3 calibra-
tion points are required for a quadratic regression, and at least 4 calibration
points for a cubic regression.

Quadratic regression

In quadratic regression (curve type "Quadratic"), the calibration points are fitted
to a function of the form:

M = ay + a;(In(Iy — Ipg)) + a;(In(ly — Ige))?

The choice of this calibration curve form requires at least 3 calibration points.

.
&
Density

In(Count Rate)

Fig 59 Quadratic regression (Density).
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Cubic regression

.
&
Density

In{Count Rate)

Fig 60 Cubic regression (Density).

In cubic regression (curve type "Cubic"), the calibration points are fitted to a func-
tion of the form:

M = a, + a;(In(ly — Ipg)) + a;(In(ly — Ipg))? + as(In(ly — Ipg))?
The choice of this calibration curve form requires at least 4 calibration points.

1-Point calibration

The user must capture both the background count rate Iz; and a calibration point,
i.e., a pair of values consisting of a calibration density M and a corresponding cali-
bration count rate I,,. Additionally, the absorption coefficient 1 and the measure-
ment path length d in the product must be entered.

E

L
[
Density

v

In{Count Rate)

Fig 61 1-Point calibration (Density).

The calibration can only be performed via linear regression of the following form:
M = a + a,(In(Iy — Ipc))
The parameters a, and a, are calculated analytically as:
_ 1
a, = d
ao = Mcal - al . ln(IMcal)

In other words, this method does not account for more complex geometries of the
container or the measurement setup, nor for nonlinear effects. In such cases, it is
recommended to use a multi-point calibration approach.
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Direct entry

If the coefficients of the calibration equation are known, they can also be entered
directly. This is the case, for example, when the measurement has already been
calibrated once, and the coefficients from the previous calibration can be reused.
When selecting the option for direct input, valid coefficients must be provided. The
chosen curve type determines the number of coefficients that need to be entered
in the direct input mode.

[
®
Density

v

In{Count Rate)

Fig 62 Direct entry — Linear regression (Density).

Direct entry of I, a,, a; — linear regression:

M = ay + a;(In(ly — Igc))

N
®
Density

In{Count Rate)

Fig 63 Direct entry — Quadratic regression (Density).

Direct entry of I, a,, a;, a, — Quadratic regression:

M = ay + a;(In(Iy — Igg)) + a,(In(Iy — Ip))?
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Density

In(Count Rate)

Fig 64 Direct entry — Cubic regression (Density).

Direct entry of Iy, a,, a4, a,, a; — Cubic regression:
M = ay + a;(In(Iy — Ipg)) + az(In(ly — Ige))? + az(In(ly — Ize))?
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3.6.2.3

Measurement Mode: Concentration

This measurement mode is used to determine the solid concentration
[solid mass/total volume] of a suspension. The average density of a suspension j
can be described using the solid concentration s as follows:

_ PL
p= (1 - —) s+p
Ps ¢
where p, represents the density of the liquid phase and ps the density of the solid
phase of the suspension. The solid concentration can also be described as the mass
of the solid phase mg relative to the total volume V:
mg

S=7

Using this definition of the average density g in conjunction with the attenuation
law:

I = IO . e_ﬂﬁd

the solid concentration s of the suspension can be expressed, similarly to the calcu-
lation of the density of a single material, as a linear function of the logarithmic
count rates In I with modified coefficients b, and b;:

S

1
= Il ——— il +
d(l1 - d(l1—-== 1-==
ua( .05) ua( ,Ds) Ps

=bq bo

Thus:

S

= b, Inl + b,
The use of logarithmic count rates enables simple linear calibration for measuring
the solid concentration in containers. This calibration can be carried out using ei-
ther multi-point or single-point calibration, as well as by directly entering the
equation coefficients.
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3.6.2.4 Calibration of a concentration measurement

Multipoint calibration

The user must record both the background count rate Iz; and at least 2 (up to a
maximum of 11) calibration points, i.e., pairs of calibration density M and the cor-
responding calibration count rate I;,.The free parameters of the calibration curve
can then be determined through regression of the logarithmic count rates.

Linear regression

--.

Concentration

v

In{Count Rate)

Fig 65 Linear regression (Concentration).

In linear regression (curve type "Linear"), the calibration points are fitted to a
straight line of the form:

M = by + by(In(ly — Ipe))
The choice of this calibration curve form requires at least 2 calibration points.

IMPORTANT

In addition to simple linear regression, options for quadratic or cubic regres-
sion curves are also available. This flexibility addresses cases where logarithmic
count rates appear nonlinear due to factors such as complex geometries of
process containers or disturbances like agitators or sieves. In such instances,
nonlinear curve types can be used for regression to better compensate for
these influences.

It is therefore always recommended to check the deviation of the calibration
points for linearity after data acquisition to adjust the calibration if necessary.
Furthermore, note that quadratic regression requires at least 3 calibration
points, while cubic regression requires at least 4 calibration points.
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Quadratic regression

Concentration

Fig 66 Quadratic regression (Concentration).

In quadratic regression (curve type "Quadratic"), the calibration points are fitted
to a function of the form:

M = by + by(In(Iyy — Igg)) + bo(In(Iyy — Ipg))?

The choice of this calibration curve form requires at least 3 calibration points.

Cubic regression

]
q
@&
Concentration

In{Count Rate)

Fig 67 Cubic regression (Concentration).

In cubic regression (curve type "Cubic"), the calibration points are fitted to a func-
tion of the form:

M = by + by(In(Iyy — Ipg)) + bo(In(ly — Ipg))? + b3 (In(ly — Ip6))?
The choice of this calibration curve form requires at least 4 calibration points.
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1-Point calibration

The user must capture both the background count rate Igz; and a calibration point,
i.e., a pair of values consisting of a calibration density M and a corresponding cali-
bration count rate I,,. Additionally, the absorption coefficient 4 and the measure-
ment path length d in the product must be entered.

»

Concentration

v

In(Count Rate)

Fig 68 1-Point calibration (Concentration).

The calibration can only be performed via linear regression of the following form:
M = by + by(In(Iy — Ips))
The parameters b, and b, are calculated analytically as:
1
© a1 _ PLy
d(l-==
pd(1 =752

bo = MC(ll - bl N ll’l(IMml)

b1=

In other words, this method does not account for more complex geometries of the
container or the measurement setup, nor for nonlinear effects. In such cases, it is
recommended to use a multi-point calibration approach.
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Direct entry

If the coefficients of the calibration equation are known, they can also be entered
directly. This is the case, for example, when the measurement has already been
calibrated once, and the coefficients from the previous calibration can be reused.
When selecting the option for direct input, valid coefficients must be provided. The
chosen curve type determines the number of coefficients that need to be entered
in the direct input mode.

I:
(
o
Concentration

$

In{Count Rate)

Fig 69 Direct entry — linear regression (Concentration).

Direct entry of Igg, by, b, — linear regression:

M = by + by (In(Iy — Ig¢))

(
®
Concentration

In(Count Rate)

Fig 70 Direct entry — Quadratic regression (Concentration).
Direct entry of Igs, by, by, b, — Quadratic regression:

M = by + by (In(Iy — Ipg)) + bo(In(ly — Igg))?
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-'.
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Fig 71 Direct entry- Cubic regression (Concentration).

Direct entry of Igg, by, by, b,, b; — Cubic regression:

M = by + by (In(Iyy — Ipg)) + b (In(ly — Ig))? + b3 (In(ly — Ipg))?
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3.6.2.5

Measurement Mode: Solid Content

This measurement mode is used to determine the solid content [solid mass/to-
tal mass] of a suspension. The average density of a suspension 5 can be described
using the solid content w, as follows:

PL

ﬁ:ws-(%—1)+1

with:
Wg

Wg =

ws + Wy,

where p, represents the density of the liquid phase and p; the density of the solid
phase of the suspension. Using this definition of the average density g n conjunc-
tion with the attenuation law:

I=1I,- e—Hpd

the solid content wg of the suspension can be expressed as a hyperbolic function of
the logarithmic count rates In I and coefficients ¢, , ¢; and c;,:

Ws
Ps " PL 1 Ps
Ps—PL In(l) =In(ly) ~ ps—py,

C1 C2 Co

¢—>WS
1

—ar In(I) + ¢,

The solids content can be calibrated either by direct entry of the parameters, a 1-
point calibration, a 2-point calibration or a multipoint calibration.

+ ¢y

IMPORTANT

The "Solid Content" measurement mode can also be applied to liquid-liquid

solutions. However, the underlying model assumes additive volumes. For two

liquids, this assumption may not hold due to system-specific mixing effects
(e.g., volume contraction). In such cases, the "Density" measurement mode
should be selected, and a careful nonlinear calibration should be performed.
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3.6.2.6

Calibration of a solid content measurement

Multipoint calibration

To simplify the regression, the hyperbolic relationship between the solid content
M and the logarithmic count rate In(I,, — Iz;) can be adequately approximated by
a quadratic function:

M = & + & (In(y — Ig)) + & (Un(Uy — Ipe))?
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Fig 72 Multipoint calibration (Solid Content).

Accordingly, the user must record at least 3 calibration points (I,|M) as well as the
background count rate Ig;. A polynomial regression is performed to determine the

coefficients &, ¢;, and &;.

It should be noted that this formula is purely empirical. Unlike for other calibra-
tions, the coefficients do not have any physical significance.
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1-Point calibration
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Fig 73 1-Point calibration (Solid Content).

The user must record one calibration point(i,,|M). If the parameters ¢, and ¢; are
known, they can be entered directly. The free parameter c, can then be determined
analytically. If ¢, and ¢; are not known, they can also be calculated. To do so, the
mass attenuation coefficient u, the measurement path d, the density of the liquid

phase p, as well as the solid phase pg must be known:
Ps
o =—""
Ps — PL
Ps ' PL
g =——— ud
! Ps — Pt
C1

M—c, —In(ly — Ipc)

Cy =
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2-Point calibration
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Fig 74 2-Point calibration (Solid Content).

The user must record two calibration points (I,,|M) and enter an additional coeffi-
cientc,. If the parameter ¢, is not known, it can be determined from the density of

the liquid phase p, and the density of the solid phase pg as follows:

Ps
CO =
Ps — PL
Die freien Parameter der hyperbolischen Kennlinie ¢; und ¢, werden analytisch
bestimmt
In(l; — Ipg) —In(l; — Igg)
=My —co) - (My—co) - M, — M,

In(ly — Igg) — In(l; — Ipg)

c; =My —co)- M, — M, —In(l; — Igc)
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Direct entry

Detectors LoopSeries LB 430

Solid Content

v

In{Count Rate)

Fig 75 Direct entry (Solid Content).

If the coefficients of the calibration equation are known, they can also be entered
directly. This is the case, for example, when the measurement has already been
calibrated once, and the coefficients from the previous calibration can be reused.
When selecting direct input, valid coefficients suchasc, > 1,¢; > 0, ¢, > 0 must
be provided. When determining the solid content, a fixed number of parameters
must be entered due to the established hyperbolic dependence.
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3.7 Menu: Security
3.7.1 Submenu: Security | Authentification
3.7.1.1 Tab: Security | Authentification | Authentification

& PACTware 6.1 - o x

v LB_430_Density

@ IEE‘; :t:l)ﬁDensity

200 mA d Unlocked

Actions.
Access Level Maintenance

@ER THOLD

[0 Actvate/Change PIN Code

Connected || 0 Dataset | & | ?| O
= g

Fig 76 Tab: Security | Authentification | Authentification.

The "Authentication" tab is used for password entry and locking the device to
prevent configuration changes. A password must be entered to lock the detector
against unauthorized access. Locking restricts access to adjustable parameters.

To unlock the device, the password must be re-entered. Multiple locks can be active
simultaneously, depending on the desired security level of the device:

Write Protection  Description

Hardware locked Dip switches in the connection compartment must be set
to the "locked" position. Write protection can only be de-
activated within the connection compartment.

Temporarily lo- The device is temporarily write-protected. Write protec-
cked tion can be unlocked with a "System Reset" or by restart-
ing the device.

Software locked Same effect as hardware lock. It can only be unlocked via
"Security | HART Specific Access" using the "Lock/Unlock
Device" option.

Exclusive Access Password protection has been activated in the "Security |

Active Authentication" menu. The respective user levels require
a password to disable write protection for the parameters
they have access to.

Backup/Restore During a backup and restore process, the device is write-

active protected to prevent corruption of the output or input
files.

Temporarily Important for measurement cascades. The write protec-

HART Master lo-  tion can only be removed by restarting the HART Master

cked unit.
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The device lock against unauthorized access must first be activated. The shipping
package includes the Device-ID-dependent passwords for the access levels "Opera-
tor" (read access) and "Maintenance" (write access) for the specific device.

After activation, each access to the device must be confirmed with the assigned
password. If there is no interaction for 20 minutes, the device will automatically
switch to write-protected mode.

NOTICE

The device can also be operated without activating the security levels. However,
unauthorized write access to the device is possible at any time in this mode.

IMPORTANT

A loss of the supplied passwords may result in the inability to access the de-

vice. In this case, please contact Berthold Service. They can provide you with a

new password.

78

© Berthold Technologies ® 69691BA24 ¢ Rev.00, 12/2024




Detectors LoopSeries LB 430 3 Main Menu: Online Parameterization

3.7.2 Submenu: Security | HART Specific Access
3.7.2.1 Tab: Security | HART Specific Access | HART Specific Access

& PACTware 6.1 - o x

ot =] HART Specic cess
“ As Device Header
Digital Value 3568 g/cm® .— LD

Anslog Value 200/ma o Uniocked

Acions
[0 Lock/Uiock Device

Write Protect Not write protected

lscmes [Bl0one 220

Fig 77 Tab: Security | HART Specific Access | HART Specific Access.

This tab is used to activate/deactivate the software lock (see Chapter 3.7.2.1 — "Soft-
ware locked"). If authentication is enabled, entering the respective password for
the user level is required to unlock the device.
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Main Menu: Offline Parameter

4.1 Accessing the Main Menu: Offline Parameter

Access to the device's online parameterization is done through the main menu tree
of the respective connected application. In PACTware 6.1, right-click on the "Pa-
rameter" option and then select "Parametrization." Please note that the layout of
the main menus for accessing the application may differ across all HOST systems.

‘,‘ PACTware 6.1

Device tag
~ oy OM3 (4 ¢

e 2 1B430.

Exchange device

Rename
Copy
Disconnect

Load from device

Store to device

Parameter Sreas
Parameterization
eI T Online parameterization

Diagnosis

Additional functions

Properties

Print

Fig 78 Accessing the Offline Parameter List in PACTware 6.1.

80 © Berthold Technologies * 69691BA24 ¢ Rev.00, 12/2024




Detectors LoopSeries LB 430 4 Main Menu: Offline Parameter

4.2 Backup - Transferring Device Settings to the Offline Pa-

rameter List

The transfer of device settings to the offline parameter list of the HOST system is
done through the main menu tree of the respective connected application. In
PACTware 6.1, right-click on the "Load from device" option. The device settings
will then be transferred to the offline parameter list. You can track the progress
via a progress bar under the connected application (Fig. 79, Pos. 1). Please note
that the layout of the main menus for accessing the application may differ across

all HOST system:s.

NOTICE

Only one parameter set from a device can be transferred to the offline parameter
list at a time. If a factory reset is performed, the data in the offline parameter list

will also be lost.

¥ PACTware 6.1

e 2 1Ba0. (F ¢

Remove device
Exchange device

Devic
Rename etag

Copy A 90 COM3

Disconnect

e 7 1B430

Load from device

Store to device

Parameter
Measured value
Diagnosis
Additional functions
Properties

Print

Fig 79 Transferring Device Settings to the Offline Parameter List in

PACTware 6.1.
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4.3 Restore - Transferring Device Settings from the Offline
Parameter List

The transfer of device settings from the offline parameter list of the HOST system
to the device is done through the main menu tree of the respective connected ap-
plication. In PACTware 6.1, right-click on the "Store to device" option. The device
settings will then be transferred from the offline parameter list to the device. You
can track the progress via a progress bar under the connected application (Fig. 80,
Pos. 1). Please note that the layout of the main menus for accessing the application
may differ across all HOST system:s.

1§ PACTware 6.1

A 0Kk COM3
e 2 1Ba30_.
Exchange device Project

Rename
Device tag

A o4 cOM3

Copy

Disconnect

Load from device e 2 1Ba30_ (# ¢
Store to device -

Parameter
Measured value
Diagnosis
Additional functions
Properties

Print

Fig 80 Transferring Device Settings from the Offline Parameter List to the
Device in PACTware 6.1.
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4.4 Parameter-Report

To create a parameter report, first navigate to the main menu of Offline Parame-
ters, as described in Chapter 4.1 of this manual. The offline menu will open, where
you can view the complete device settings (Fig 81, Pos. 1). To create a report, click
the "Offline Report" button (Fig 81, Pos. 2). This will open the routine for gener-
ating a parameter report (Fig 81, Pos. 3).

X

& oy

(B@erTHoLD

slers E i ope
File format for Report User name

PDF v
PDF

IMPORT FROM XML I EXPORT TO XML Hide read only parameters

Fig 81 Creation of a Parameter Report.

Using this routine, the offline parameter set can now be saved as a PDF, Excel, or
XML file on the PC.

Tip
M~ The parameter reports can be ideally used as commissioning protocols for
',O the measurements. To do this, after each commissioning, save the data in
the offline parameter set as described in Chapter 4.2 — Backup — Transferring
Device Settings to the Offline Parameter List. Create an additional PDF or

Excel file for better readability, as well as an XML file in case device parame-
ters need to be easily restored later.

A Y

]
’

4.5 Procedure for Duplicating Measurement Points
To duplicate measurement points, proceed as follows:
1. Parameter and calibrate the first device.

2. Transfer the device settings to the offline parameter list as described in
Chapter 4.2 of this manual. These settings will then be saved on the HOST
system.

Connect the next device to the HOST system.

4. Load the device settings from the offline parameter list onto the newly
connected device, as described in Chapter 4.3 — Restore — Transferring De-
vice Settings from the Offline Parameter List to the Device.

5. Calibrate the newly connected device.
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Tip
M ,' /  If measurement points with different parameter configurations need to be
'O duplicated, save an XML file for each different device configuration, as de-
scribed in Chapter 4.4 — Parameter Report. This allows you to easily switch
between different offline parameter sets.

84 © Berthold Technologies ® 69691BA24 ¢ Rev.00, 12/2024




Detectors LoopSeries LB 430 5 Main Menu: Measurement

5 Main Menu: Measurement

5.1 Accessing the Main Menu: Measurement

The entry into the device's measurement menu is done through the main menu
tree of the respective connected application. In PACTware 6.1, right-click on the
"Measured value" option. Please note that the layout of the main menus for ac-
cessing the application may differ across all HOST systems.

1Y PACTware 6.1

Aoy O3 (&}

e 2 Ba30. (7 i

r Remove device

Exchange device

Rename

Copy
Disconnect

Load from device

Store to device

Parameter
Measured value
Diagnosis
Additional functions
Properties

Print

Fig 82 Accessing the Measurement Main Menu in PACTware 6.1.
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5.2

5.2.1
5.2.1.1

Menu: Process Values

Submenu: Process Values | Process Values
Tab: Process Values | Process Values | Process Values

A 18430 Density

WO
Derir e 18400 et

@\ LB 430 Density
Sttt
-

. (BERTHOLD

‘Carrent Dutput (20)

WCurrent Output]

Ezumm gumm = 2] o

Fig 83 Tab: Process Values [ Process Values [ Process Values for the density
application.

LB 430 Level Measured value

(BERTHOLD

Frmeny Verees PV Corrent Cutpit (0]

[Cr——
Upper Ranga Vol To000/% m

nnnnnnnnnn

Fig 84 Tab: Process Values | Process Values [ Process Values for the level
application.

In the tab "Process Values", you will find an overview of all critical parameters in
your process. The display varies depending on the selected application. If the den-
sity application is active, the tab will appear as shown in Fig 83, whereas for an
active level application, the tab will appear as shown in Fig 84.

This tab includes current process values, current output values, and measurement
range settings displayed both as numerical values (Fig 83 and Fig 84, Pos. 1) and

86
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graphically, showing the digital process value (PV, Fig 83 and Fig 84, Pos. 2) and
the analog output value (AO, Fig 83 and Fig 84, Pos. 3).

5.2.2 Submenu: Process Values | Device Variables
5.2.2.1 Tab: Process Values | Device Variables | Device Variables

(BeatHoLD

Upper Range V. 10060000004 Upper Range Yo 250

Fig 85 Tab: Process Values | Device Variables | Device Variables.

In the "Device Variables" tab, you can access information about each of the HART
variables:

e PV (Primary Variable, Fig 85, Pos. 1)

e SV (Secondary Variable, Fig 85, Pos. 2)

e TV (Tertiary Variable, Fig 85, Pos. 3)

¢ QV (Quaternary Variable, Fig 85, Pos. 4)

Here, you will find details about the current assignment, digital value, configured
unit, and the spanned measurement range. Additionally, the data quality of the
ongoing measurement for each variable can also be retrieved.
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5.2.2.2

5.2.3
5.2.3.1

Tab: Process Values | Device Variables | Mapping

{BERTHOLD

B:umm g 0 0eteet 2 2] O

Fig 86  Tab: Process Values [ Device Variables [ Device Variables.

Through the "Mapping" tab, you can view the variable assignments as well as the
digital variable values (Fig 86, Pos. 1). If needed, the assignment of each HART var-
iable can be adjusted via a drop-down menu (Fig 86, Pos. 2).

Submenu: Process Values | Signaling
Tab: Process Values | Device Variables | Signal Condition

(BERTHOLD

8t comecis [0 0w [ 5]2]0)

Fig 87 Tab Process Values | Signaling | Signal Conditions.

In the tab "Signal Condition", the calculated measurement range limits can be
viewed, and settings for the defined measurement range can be adjusted (Fig 87,
Pos. 1). Additionally, the settings for process value smoothing (Fig 87, Pos. 2) and
measurement range scaling (Fig 87, Pos. 3) can also be configured here.

88
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5.2.3.2

IMPORTANT

The system needs approximately 3 times the time constants to represent 99%
of the process change. This means that with a default setting of 20 seconds, a
process change can be fully represented after about 60 seconds. Therefore, the
choice of the time constant is always a compromise between response time and
signal smoothing.

Tab: Process Values | Device Variables | Signal Dependencies

=
o uniocked

(aerTHOLD

[ Connected (220 pete=e |7 [0)]

Fig 88 Tab: Process Values [ Signaling | Signal Dependencies.

In the "Signal Dependencies" tab, you can configure settings for signal exten-
sions, such as Rapid Switch (Fig 88, Pos. 1) or X-Ray Interference Protection (XIP, Fig
88, Pos. 2).

Additionally, the "Source Replacement Notification" (Fig 88, Pos. 3) can be acti-
vated here to indicate when an aging radiation source needs to be replaced in a
timely manner. Changes made in this menu directly affect the active measurement.

Rapid Switch The activation of the rapid switch function is recom-
mended when process values can change very quickly and
sporadically (e.g., slurry detection in boreholes). When
such a rapid process change is detected, the fast switching
is automatically activated and sets the time constant to
1/10 of the set value, allowing the control unit to react
more effectively to this process change. When activating
fast switching, only the sigma value needs to be defined.
This specifies the factor by which the count rate must
change within two output cycles to activate the rapid
switch function.

Example calculation: The default value for sigma is 4.0,
meaning the count rate must increase or decrease by a
factor of 4 within two measurement cycles to activate fast
switching.
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5.2.4
5.2.4.1

Detectors LoopSeries LB 430

XIP

XIP|- short for "X-Ray Interference Protection," describes
an internal function of the detector that detects stray ra-
diation and protects both the measurement and the de-
vice from such interference. This function is particularly
important when, for example, welding inspections are
frequently carried out at the installation site. When stray
radiation is detected with the XIP function activated, the
detector will stop measuring for a certain period, and the
measurement value will be frozen. This ensures that both
the internal decay compensation and the measurement it-
self are not affected. Additionally, the detector is effec-
tively protected from premature aging.

To activate the XIP function, the following settings must
be made:

5) Delay Time: Specifies the time after which XIP should
be triggered when stray radiation is detected. The de-
fault value is set to 4 seconds.

6) Freezing Time: Specifies the time the measurement
value should remain frozen after the delay time. A de-
fault of 20 seconds is recommended.

7) Sigma Factor: Defines a process signal-dependent
count rate at which XIP should be activated.

8) Interference Factor: Defines a process signal-depend-
ent threshold count rate at which XIP should be deac-
tivated after the freezing time.

Submenu: Process Values | Process Trending

Tab: Process Values | Process Trending | PV/SV

(aerTHOLD

sl smsasd o

[EX[0 vata et [[#][7]][2)

Fig 89

Tab: Process Values [ Process Trending | PV/SV.

Inthe "PV/SV" tab, you can view the assignment settings of the respective variables
(Fig 89, Pos. 1). Additionally, the temporal progression of the device variables PV
(Primary Variable, Fig 89, Pos. 2) and SV (Secondary Variable, Fig 89, Pos. 3), along
with the progression of the current signal (Analog Output, Fig 89, Pos. 4), is dis-
played graphically.
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XIP- kurz für „X-Ray Interference Protection“ beschreibt eine interne Funktion des Detektors, mit welcher Fremdstrahlung erkannt wird und die Messung als auch das Gerät vor derlei Störeinflüssen gesichert wird. Diese Funktion ist insbesondere wichtig, wenn z.B. am Installationsort der Messung oft Schweißnahtprüfungen stattfinden. Wird bei aktivierter XIP-Funktion Störstrahlung erkannt, misst der Detektor für eine gewisse Zeit nicht mehr weiter und der Messwert wird eingefroren.  Somit ist sichergestellt, dass sowohl die interne Zerfallskompensation als auch die Messung selbst nicht beeinflusst werden. Zudem wird der Detektor vor früher Alterung effektiv geschützt.
Zur Aktivierung der XIP-Funktion müssen folgende Einstellungen gemacht werden:
1.) Verzögerungszeit: Gibt die Zeit an, nach welcher XIP bei der Erkennung von Störstrahlung ausgelöst werden soll. Der Standardwert ist auf 4 Sekunden eingestellt.
2.) Einfrierzeit: Gibt die Zeit an, in welcher der Messwert nach der Verzögerungszeit eingefroren bleiben soll. Als Standard werden hier 20 Sekunden empfohlen.
3.) Sigma Faktor: Legt eine Prozesssignal-abhängige Zählrate fest, bei welcher XIP aktiviert werden soll.
4.) Störungs-Faktor: Legt eine Prozesssignal-abhängige Grenzzählrate fest, bei welcher nach der Einfrierzeit XIP deaktiviert werden soll.
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5.2.4.2 Process Values | Process Trending | TV/QV
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Fig 90 Tab: Process Values [ Process Trending | TV/QV.

In the "TV/QV" tab, you can view the assignment settings of the respective varia-
bles (Fig 90, Pos. 1). Additionally, the temporal progression of the device variables
TV (Tertiary Variable, Fig 90, Pos. 2) and QV (Quaternary Variable, Fig 90, Pos. 3),
along with the progression of the current signal (Analog Output, Fig 90, Pos. 4), is
displayed graphically.
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5.3 Menu: Active Configuration
5.3.1 Submenu: Active Configuration | Active Configuration
5.3.1.1 Tab: Active Configuration | Active Configuration | Measurement
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Fig 91 Tab: Active Configuration | Active Configuration | Measurement.

In the "Measurement" tab, you can view the current measurement configuration
(Fig 91, Pos. 1), the calibration table (Fig 91, Pos. 2), and the calibration curve set-
tings (Fig 91, Pos. 3) based on the device's current calibration.

Additionally, you can check when the device was last calibrated and when the last
decay compensation was performed (Fig 91, Pos. 4). Clicking the % Meas. Curve
button calculates and displays the currently used calibration curve (Fig 91, Pos. 5).
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5.4 Menu: System/Sensor Info
5.4.1 Submenu: System/Sensor Info | System/Sensor Info
5.4.1.1 Tab: System/Sensor Info | System/Sensor Info | System/Sensor Info

Dt USRI

eA :_-B“I ;130 Level

(BERTHOLD

-
o uniockea
e

Fig 92 Tab: System/Sensor Info | System/Sensor Info [ System/Sensor Info.

In the "System/Sensor Info" tab, you can access current information about the
entire system. This includes the device status and the current system time (System
Info, Fig 92, Pos. 1), the count rates, voltages, and currents (Sensor Photomultiplier,
Fig 92, Pos. 2), as well as the detector temperature (Sensor Det. Temperature, Fig

92, Pos. 3).
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6 Main Menu: Diagnosis

6.1 Accessing the Main Menu: Diagnosis

Access to the diagnostics main menu is done via the main menu tree of the con-
nected application. In PACTware 6.1, right-click on the "Diagnosis" option to open
it. Please note that the layout of the main menus for accessing the application may
vary across different HOST systems.

o8 PACTware 6.1

Remove device
Exchange device

Rename
Copy
Disconnect

Load from device

Store to device
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Diagnasis

Additional functions  »
Properties

Print.

Fig 93 Accessing the Main Menu Diagnosis.
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6.2
6.2.1

Menu: Device Status Events

Tab: Device Status Events | Active Event

In the "Active Event" tab, you can view information about the currently highest-
priority active event. Each event is represented by a code (Fig 94, Pos. 1) in the
following format:

F 000

The letter represents the "Condensed Status" according to NAMUR 107 (Fig 94, Pos.
2), and the three-digit code indicates the specific event code.

For each error message, the software provides a brief description (Fig 94, Pos. 3) as
well as instructions (Fig 94, Pos. 4), which must be followed to ensure the smooth
operation of the device.

NOTICE

In addition to the displayed event codes, a "Service ID" is also shown. This ID de-
scribes the underlying issue for Berthold Service and will not be further dis-
cussed in this operating manual.

(BerTHOLD
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Fig 94 Tab: Device Status Events [ Active Event.
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6.2.2

Tab: Device Status Events | Event Overview

In the "Event Overview" tab, the currently active events of the device are dis-
played visually. This is particularly helpful when multiple events occur simultane-
ously. The "Device Specific Status 0 — 5" windows list the device-specific events,
while the "Device Specific Status 6" window shows application-specific events, such
as active alarms.
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Fig 95 Tab: Device Status Events | Event Overview.
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6.2.3 Tab: Device Status Events | Event History

In the "Event History" tab, you can view the device's event log, which lists individ-
ual events in chronological order when they are no longer marked as active events.

The event log must first be loaded by clicking the % Refresh button (Fig 96, Pos. 1)
before it becomes accessible.

(BERTHOLD

= T

Fig 96 Tab: Device Status Events [ Event History.

NOTICE

ﬂ If the  Refresh button is not visible, the event log is up to date.
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6.2.4 Tab: Device Status Events | Event Summary

In the "Event Summary" tab, a summary of all events reported by the device can
be displayed. The "Event-ID" column shows all possible events for the device. The
"Counter" column indicates how often each event has occurred. The "Date/Time
In" and "Date/Time Out" columns provide information on when and for how long
each event occurred. The ® Refresh button (Fig. 97, Pos. 1) must first be clicked to
update the summary.

At Specitc =] o ;
1gient ] (8erTHOLD

Fig 97 Tab: Device Status Events [ Event Summary.

NOTICE

ﬂ If the  Refresh button is not visible, the event summary is up to date.
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6.2.5 Tab: Device Status Events | Event Mapping

Certain event IDs for the device can be customized in terms of their impact on the
process. The configurable event IDs are marked with "Yes" in the "Configurable"
column in Chapter 6.3 — Device Specific Event Codes and Chapter 6.4 — Application
Specific Event Codes. This customization, known as "Event Mapping," is performed
via the "Event Mapping" tab.

To start event mapping, click the % Change Profile button (Fig 98, Pos. 1). In the
drop-down menu, you can choose between the profiles "Standard," "SIL," and
"Custom." Select Custom (Fig 98, Pos. 2) to apply individual settings.

For configurable events, an option will now appear where you can define the Con-
densed Status according to NAMUR 107 (Fig 98, Pos. 3) and specify how the event
is handled in the process control system (Fig 98, Pos. 4).

e With Active, the status is reported to the process control system.

e With No Effect, the event is only displayed on the device and is not reported
further.

(aErTHOLD
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Fig 98 Tab: Device Status EventsfEvent Mapping.
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6.2.6

Tab: Device Status Events | Event Simulation

In the "Event Simulation" tab, all possible events can be simulated. This includes
both the device signaling and the effect on the current output. While the simula-
tion mode is active, the device sends the NAMUR status , Check Function” to the
process control system until the mode is manually deactivated or the device is re-

started.

To start or stop the simulation mode, click the % Enable/Disable Simulation but-
ton. In the event list, you can select “Active” or “Not active” for each event in the
drop-down menu. The simulation of an event starts when you choose the “Active”

option.
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Fig 99 Tab: Device Status Events [ Event Simulation.
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6.3 Device Specific Event Codes

Event messages can influence the device status. The transmitted NAMUR status may
depend on the event mapping profile (see Chapter 6.1.6 of this manual — Device
Status Events | Event Mapping). For example, an event might send the status "Out
of Specification" (S) in standard mode, while transmitting "Failure" (F) in safety

mode.
Symbol Name Description

N No effect The event is not considered for the device status.

S Out of specification One or more parameters are outside the specified limits.

M Maintenance required Ma[ntgnance required, e.g., replacement of the
radiation source.

C Function check Routine in progress, e.g., calibration.

. Hardware or software error detected. The measurement

F Failure .

is affected.

Message Configurable Description/Istruction

Software issues with timing, data

exchange, faulty RAM, or the de-

vice module cannot be contacted.

The device enters the safety mode,

FOO00 F000 SW Failure No and the measurement is stopped.

e Perform a restart. If the problem
persists, contact Berthold Ser-
vice.

Hardware compatibility issues,
e.g., after installing incompatible
modules. The device enters the
FOO1 FOO1 HW System Conflict No safety mode, and the measure-

ment is stopped.

e Contact Berthold Service.

Faulty hardware component. The
device enters the safety mode, and

F002 F002 HW System Failure No the measurement is stopped.

e Contact Berthold Service.

Faulty hardware component, but
the measurement is not inter-
rupted. This directly affects the de-
cay compensation of the count
F003 F003 ::X\rlm System Malfunc- - rates and calibration data.

e Reset the system time and re-
start the device via a system re-
set. If the issue persists, contact
Berthold Service.
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Detectors LoopSeries LB 430

5004

FOO5

Mo007

FO08

5009

5010

FO11

5004

FO05

MO007

FO08

S009

S010

FO11

HW System Out of
spec

Yes

Memory corrupted

(FRAM) No

Source exchange Yes

Terminal voltage too
low

Terminal voltage too
high

Temperature limit

. Yes
warning

Temperature limit

No
alarm

Watchdog jumper set to "Off."
e Contact Berthold Service.

The data record is invalid/cor-
rupted, possibly due to a software
update or failed write operation.
The device enters the safety mode,
and the measurement is stopped.

e Perform a repair reset and then
restart the device with a system
reset. If the issue persists, per-
form a factory reset and restart
the device with a system reset. If
the error continues, contact
Berthold Service.

Message indicating when the radi-
ation source needs to be replaced.
This is dependent on the selected

nuclide and its associated half-life.

¢ To replace the radiation source,
contact Berthold Service.

Terminal voltage too low. The de-
vice enters a safety mode, and the
measurement is stopped.

e Check the applied terminal volt-
age. It must be above 14 V. If
necessary, increase the terminal
voltage.

Terminal voltage too high. There is
a risk of overvoltage to the device.

e Check the applied terminal volt-
age. It should be below 30 V. If
necessary, decrease the terminal
voltage.

The device is approaching the tem-
perature limit.

e Check the ambient temperature
and reduce it if possible. If nec-
essary, use water cooling to re-
duce the temperature increase.

Outside of the valid temperature
range. The device enters the safety
mode, and the measurement is
stopped.

e Check if the device is operating
within the specified limits. Re-
start the device with a system
reset. If necessary, use water
cooling to reduce the tempera-
ture increase.
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FO12

FO13

FO14

FO15

5016

FO17

FO18

S019

M023

C024

FO25

FO12

FO13

FO14

FO15

5016

FO17

FO18

S019

M023

F024

F025

CurrentLoop failure

Module communica-
tion

HW Sensor Module
Critical Failure

HW Sensor Module
Failure

HW Sensor Module
Out of spec

HW Main Module Crit-
ical Failure

HW Main Module Fai-
lure

HW Main Module Out
of spec

Sensor maintenance

Backup/Restore in pro-
gress

Backup/Restore failed

No

No

No

No

Yes

No

No

Yes

Yes

Yes

Yes

Error in the process-relevant cur-
rent output. The current output is
not reliable at this moment. Fault
currents may not be transmitted to
the process control system.

e Contact Berthold Service.

Communication issues at the mod-
ule level, faulty data exchange be-
tween two modules (e.g., LB 430
sensor and display).

e Perform a restart via a system
reset. If the issue persists, con-
tact Berthold Service.

Critical error in the sensor module.
The device enters the safety mode,
and the measurement is stopped.

e Contact Berthold Service.

Error in the sensor module. The
device transmits a fault current.

e Contact Berthold Service.

Sensor module outside the specifi-
cation limits, e.g., triggered by the
watchdog. The device transmits a
fault current.

e Perform a system restart via the

system reset and contact
Berthold Service.

Critical error in the main module.
The device enters the safety mode,
and the measurement is stopped

e Contact Berthold Service.
Error in the main module. Triggers

the watchdog in any case. A fault
current is transmitted.

e Perform a system restart via the
system reset and contact
Berthold Service.

Main module (processing unit)
outside the specification limits.

e Contact Berthold Service.
Measurement outside of specifica-
tions.

e Contact Berthold Service.

Backup/Restore process active.
¢ No action required.

Backup/Restore process was inter-
rupted.

e Check the device connection
and restart your backup/restore
process. If the issue persists,
contact Berthold Service.
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5026

FO27

F028

5029

C030

S031

MO032

C033

F026

F027

F028

5029

C030

S031

MO032

C033

Backup/Restore not

Yes
complete

Backup/Restore incom-

patible Yes

Backup/Restore unit

mismatch Yes

Device not calibrated |No

Device calibrating No

XIP Yes

Decay compensation

malfunction No

Simulation on No

Backup/Restore compatible, but in-
complete. This may occur when re-
storing device settings after a soft-
ware update, especially if addi-
tional parameters are made availa-
ble with the software update.

e Compare the software versions
at the time of the backup and
the time of the restore. It is ad-
visable to create a backup after
every software update.

Conflict of software versions
between the device and the
backup file. This occurs only if the
detector software is more recent
than at the time of the backup.
Newly added parameters cannot
be restored because they are not
present in the backup file.

e Manually configure the device
and create a new backup.

The unit in the backup does not
match the device's configured
units (e.g., g/cm?® <-> kg/m?3).

e Adjust the units on the device
according to the information in
the backup file and restart the
restore process.

Device not calibrated.
e Calibrate the device.

The device is being calibrated.
¢ No action required.

Interference radiation detected.
The measurement value is frozen.

¢ No action required. If the XIP
mode persists for too long or is
continuously reported, contact
Berthold Service.

Error in compensation of the de-
tector parameters for the decay of
the radiation source.

e Check if the system time is cor-
rectly set. Verify the compensa-
tion timestamp, which should
be updated daily. If necessary,
reset the system time and recali-
brate the device. If the issue
persists, contact Berthold Ser-
vice.

Simulation is active. The measure-
ment is affected by this.

e If necessary, exit the simulation
mode or restart the device.
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Background count rates / calibra-

C034 | C034 Read-In active Yes tion points are being read.

¢ No action required.

The current output is being cali-
C035 C035 Trim current active No brated.

¢ No action required.
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6.4 Application Specific Event Codes

In addition to device-specific event codes, the system also supports application-spe-
cific events. These are used for signaling alarms or executing routine-specific tasks.

6.4.1 Application Level

Message Configurable Description/Instruction

Alarm 1 is active.

$100 $100 Alarm1 active Yes * Depending on the individual
settings, check the affected pro-

cess variable.

Alarm 2 is active.

$101  S101  Alarm2 active Yes * Depending on the individual
settings, check the affected pro-

cess variable.

The switch alarm is active.

$102  S102 AlarmSwitch active  Yes * Depending on the individual
settings, check the affected pro-

cess variable.

Level < 0%.
e The calibration may be incor-
N103 N103 Level underflow Yes JE?;:] Please check the calibra-
e Check for possible interference
radiation.

Level > 100%.

e The calibration may be incor-
rect. Please check the calibra-
N104 N104 Level overflow Yes tion.

e Check if the radiation source is
closed. If necessary, open the
shutter of the shield.

Fast switching is active. The time
constant will automatically be set
to 1/10 of the configured value for
rapid process changes. This is only
applicable if compatible with the
time constant of the host system.

S105 S105 Rapid Switch active Yes

The calibration curve is being ad-
justed. This is applicable after re-
placing the radiation source or
when de-calibrating wall deposits.

c106 C106 Adjust active Yes
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6.4.2

5100

Application Density

5100

Message

Alarm1 active

Configurable

Yes

Description/Instruction

Alarm 1 is active.

e Depending on the individual
settings, check the affected pro-
cess variable.

5101

5101

Alarm2 active

Yes

Alarm 2 is active.

e Depending on the individual
settings, check the affected pro-
cess variable.

5102

5102

ApplicationAlarm ac-
tive

Yes

The switch alarm is active.

e Depending on the individual
settings, check the affected pro-
cess variable.

N103

N103

PV underflow

Yes

The process variable (PV) is below
the set measurement range.

e The calibration may be incor-
rect. Please check the calibra-
tion.

e Check if the cause lies within
the process and, if necessary, ad-
just the measurement range.

N104

N104

PV overflow

Yes

The process variable (PV) is above
the set measurement range.

e The calibration may be incor-
rect. Please check the calibra-
tion.

e Check if the cause lies within
the process and, if necessary, ad-
just the measurement range.

5105

5105

Rapid Switch active

Yes

Fast switching is active. The time
constant will automatically be set
to 1/10 of the configured value for
rapid process changes. This is only
applicable if compatible with the
time constant of the host system.

F106

F106

Insufficient Meas.
Countrate

Yes

The measured count rate after
background compensation is < 2
cps.

e Check if the background count
rate is correctly set and whether
the shutter of the radiation
source is opened. If the issue
persists, contact Berthold Ser-
vice.
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6.5 Menu: Configuration History
6.5.1 Tab: Configuration History | Configuration History
In the configuration log under the "Configuration History" tab, all changes to the
device parameters are recorded. The log contains 35 entries, and when new
changes occur, the oldest entries are removed. The complete deletion of the entries
can only be done by Berthold Service, but this is generally not necessary. The coun-
ters can be reset using the % Reset Counters (Fig 100, Pos. 1) button.
= (aerTHOLD
o unocked
11
[
|82 connecrea 50 pata s [2][2] 0] ) " N
Fig 100  Tab: Configuration History | Configuration History.
6.5.2 Tab: Configuration History | HART Specific
The counters for HART-specific configurations, such as address changes, can be re-
set in the "HART Specific" tab by clicking the % Reset Change Flag HART (Fig
101, Pos. 1) button.
‘— @ERTHOLD
| 11
tcomeses €3 0 e |27 0 b
Fig 101  Tab: Configuration History | HART Specific.
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6.6 Menu: HART Specific
6.6.1 Tab: HART Specific | HART Diagnostics

In the tab "HART Diagnosis", you can view the HART-specific diagnostics. Here,
events such as "Simulation Active" are displayed to indicate that the simulation
mode (for measurements or events) is active. This diagnostic information is gener-
ally not required for daily operation but serves as support for Berthold Service.

(BERTHOLD

|82 Conmeces /250 owase [ 2] [0

Fig 102  Tab: HART Specific | HART Diagnostics.
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