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Abbreviations / explanations

AEl — Automation, Electrification and Instrumentation

Aveva PDMS — Plant Design Management System

Aveva Everything3D — New improved design system, next step from PDMS
Citrix — Virtual computer solution to access Comos and E3D from the network
Comos — Engineering software with integrated database for process industry
DSN — Data Source Name

FUP — Function plan diagram, shows principles applied to the software program

Hook-up — Installation drawing, specifies what components are needed for installa-
tion and the scope of supply and scope of erection.

ODBC — Open Database Connectivity

PADD — Production of Annotated and dimensioned drawings

PID — Piping and instrumentation diagram

PML — Avevas domain specific language, programmable macro language

UDA — User Defined Attribute



1 Introduction

1.1 Background

The data transfer tool has been developed within the past three years. It has many
benefits in making engineering faster and more automated. The efficient flow of in-
formation is an important aspect in providing the best possible quality with reasona-
ble time investments. Linking the object on all platforms reduces the workload of in-
dividuals and the possibility of human error as the data becomes usable in all loca-
tions with one entry of data, without having to manually input data to various loca-
tions. Before the existence of a proper data transfer tool, all information had to be

manually transferred in engineering systems such as Comos, PDMS and E3D.

1.2 Goals

This thesis is more importantly an examination rather than developing anything new.
The target of this thesis is to clarify the properties of two systems used by Andritz,
Comos and E3D, which is a newer system from Aveva possibly replacing the older de-
sign solution PDMS completely in the future. Comos is focused on 2D engineering,
producing required process documentation and fill in technical data for equipment.

Aveva E3D is primarily used for creation of the 3D model and isometric drawings.

Research was conducted from the data transfer point of view, while also covering the
general information about the software. The current situation is that a data transfer
tool is available and in use for most ongoing projects, but information about how the
tool works and how end-users should operate is not explained well for new people

well. There were not enough records at the moment gathered into one document.



1.3 Principles and sources

Gathering information for the subject was difficult due to lack of written material
available. Andritz provided some documentation regarding the data transfer tool.
Most of the knowledge is from the engineering development team, COMOS adminis-
trator and PDMS users through meetings and discussions. User manuals for Comos
and E3D were helpful and provided lots of general knowledge. Testing and experi-

menting with the tool were done and results used for this report.

2 What is Andritz?

Andritz AG is an international company providing equipment, plant design, systems
and many other things for various industries worldwide. The headquarters of Andritz
AG is located in Graz, Austria. The company currently employs approximately 29 700

employees, covering over 280 locations in over 40 countries.

Figure 1 Andritz Varkaus

Andritz Oy is a Finnish subsidiary, which is one of the top suppliers for pulp and pa-
per industry providing solutions for wood processing, fiber processing, chemical re-
covery, biomass usage and energy generation. Currently there are more than 1300

employees working. The headquarters of Finnish operations is in Helsinki, with other



centers of operation located in Lahti, Lappeenranta, Kotka, Savonlinna, Tampere and

Varkaus. (Andritz website, 2019)

2.1 History

Andritz AG has a long history in manufacturing. It was originally founded by Josef
Korosi in 1852, in the municipality of Andritz, Austria. The company first started as a
small iron foundry. After foundation, the company started to quickly increase its pro-
duction to include larger goods, for example cranes, pumps, water turbines and later
expanded even more into steam boiler and mining business. After 1950s, the com-
pany took steps towards its modern form and started production of complete paper

machines. (Andritz website, 2019)

In Finland, the power and recovery boiler business had started growing at the same
time by A. Ahlstrom Oyj, which was a big employer in the lumber industry. A. Ahl-
strom Oyj had the biggest paper machine PK1 in Europe at that time, located in

Varkaus, Finland.

Andritz AG expanded to Finland first in 1994 with the acquisition of Kone Woods and
further during the break of the 21 century in 2001 with the acquisition of the Ahl-
strom machinery group. Kone Woods provided Andritz technology for wood peeling
and chipping and Ahlstrom gave expertise about producing chemical pulp and recy-

cled pulp. (Haukkasalo, 03.04.2020)

3 About Comos

Siemens solution, Comos is a plant engineering software. Mainly used in process in-
dustry as a global database across all the different phases of design and creating all
the required documents to build a successful new plant. Positives about global data-
base is that once created, data and all the templates and base objects can be used in
various projects from anywhere in the world. Information is stored in the object-ori-
ented database. Thus, it saves time from recreating general documentation because

of cross-project copying possibilities.
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3.1 Project types

There are different types of projects in the project database and only one project can
be open at a time. Comos has four types of projects, which are explained in the next

sentences:

o

(=2 =20 R R

1+

@ System
Last document change By

Project number

Figure 2 Comos project types and search hierarchy

3.1.1 Base project

These are used as libraries for base objects for the actual engineering projects. When
new typicals are needed, they will be created to the base project so they can be used
in any other project too. A base project must be used carefully, it is easy to cause er-
rors in the synchronization. If customer standards insist changes, they are done into
the copied base objects or templates in the actual engineering project so that the

changes are only applied locally for that case.

3.1.2 Engineering project

Engineering projects are a very important part in the plant design. They contain
nearly of all the engineering data required for the life cycle of a new plant starting
from task proposal to the commissioning. One can find all the documents and details
about each part used in the whole process from the database hierarchy or SQL que-
ries made by users to process massive amounts of data in a short period of time or
export them into separate files for reviewing or delivering to suppliers, manufactur-

ers and to customers.



3.1.3 System project

In General, there is only one system project for the Comos environment to control its
functions. Normal users have no access to it, only system administrator’s work with

them when needed. System project is locked from users by a program code.

3.1.4 Template project

Test environment for the actual projects or new features. These also contain tem-
plates for engineering projects used as a reference or the training of new employees.
Template is a complete design to some process area, for example, they are using all
the same elements as the actual design. The template is copied to an engineering
project and data for elements are filled in. A wide variety of available templates

helps completing projects more efficiently.

3.2 Structure

Comos is operated with the Citrix network and help of an Enterprise server that is
working together with the SQL servers. Enterprise server is important for data trans-
ferring purposes, because the server makes it possible to operate between external
applications and systems.

With Access database work can be done locally, but in order to work with Comos in a
global environment these three steps of authentication are required:

e C(lient login to database server

o ODBC data connection setup

o System DSN / User DSN set for client
e File server login

o Required rights to use file server
e User login to Citrix and Comos login

o Access and administration become active



G Open database . >

Figure 3 User login in Comos

Client login to database server and file server login are done automatically by the sys-
tem. For the end-user, the only step needed is login to Citrix and then open the Co-
mos app or the desktop version and connect to a SQL server. In some cases, like im-
porting new CAD files to Comos, the work must be done from the desktop, app ver-

sion cannot create copy of the files on your own computers hard drive.

Comos reads user DSN entries and after that the system DSN entries. If there is an
entry in the user DSN it will be the one appearing to others in the database. On the
other hand, some attributes may have predefined system entry values originated
from base objects. These values can be recognized from the *-sign in front of the
value and should be checked by the user that they are correct before applying any
sorts of linking, most notably seen on queries and there looking at the used hook-
ups. In projects, some instrument loops will get typical suggestions from the base
project (0-project) and need to be corrected if the suggestion is incorrect for that ap-

plication.

Hook-ups are installation drawings, that are used for purchasing installation materi-
als and the instruments themselves. A hook-up includes picture of the equipment
and a list of materials used in the picture. Scope of supply and scope of erection are

also specified for the material list.
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3.3 Comos objects

3.3.1 Creating objects

When new additions to a project are needed, first search for a base object to that
certain object or loop in question. In the hierarchy when you want to add something
new for example to under a loop the right-click options look like below (Figure 4).
There are a lot of templates and base objects available that can also be modified.
Items that are available change according to the “owner”, in this case the loop itself.
Available items for loops, equipment or drawings are preset in the system. After an
item from the menu has been selected, it will appear under the loop and it can be
configured further. Naming and filling necessary attribute data should be done as
soon as possible. The objects in Comos are managed with the help of unique identifi-
ers (UID), which is a database key to identify an objects data set. This code is used
when importing to or exporting data from Comos. UID is also used for the data link

tool to work.

= €015 TI' Green/white liquor !i.| e

[l TE Temperature element = _MNew | ) Geners ’
[, T Temperature Transm K| Delete S 00 Instruments 3
T TW Nozzle for instruments o Cut B 00 Measuring Devices »
—J FUD FU"¢DHE| d?‘-“""“' Copy S| 01 Armatures/Actuators »
= [_J FUP  Functional Diagram @ past . e
: "aste - 3
A PFFA160 Function PI s

€5 016 'DI' Green/white liquor [i Maove T | 0B Interface Signals

€7 018 'FI' Green/white liquor lir Copy structure 9| 0C Logic / Signals

€ 020 'SC' Green Liquor Pump Paste link - 0D Functional software signals

‘%:OB HC Green_fwr_nte .Ilquor _l PDMS Engineering v |4 OK KKS Signals

€7 025 'TI" Green/white liquor lif - 5

€5 026 'DI" Green/white liquor [i{ | Navigate v (S A4 Hook-Up Catalog

€5 028 'FI" Green/white liquor lir 5| Print &) E Eledrical Documentation

‘%5’029 'HS' White liquor to diss | & Working layers/Histary » | @| H Hydraulic / Preumatic Diagram

3031 'HS" White liguor to diss | | coarcp @| 1 Instrument Documentation

%033 'KJ' Green/White liquor [i . i
” - | : P Preumatic Documentation

€7 034 'KJ' Green/White liquor | B Properties - ]

€ OPT_040 'II' Dissolving tank Replace with new loap system QUOL Query: Replace old loop system with new one

€ OPT_041 'II' Dissolving tank Execute Dodsion Table SRS SRS Functional Diagram / Logic Diagram

€ OPT_042 'II' Dissolving tank agnator 3 mowor current SWO Metris Software Objects

€7 OPT_043 'IT' Green liguor pump 1 motor current T Folder for typical grouping

€7 OPT_044 'II' Green liquor pump 2 motor current

€% 050 'SS' Dissolving tank agitator 1 ~» 31100-S5-6120
€% 052 'SS' Dissolving tank agitator 3 ~» 31100-S5-6121
ﬁj 800 'PI' Dissolving tank ~= 31100-PI-6122

ﬂh]% Andritz Dommmis" = Base objects

fwhite liquor line 1 ~» 31100-TI-6107

Figure 4 Adding new components to a loop
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3.3.2 Template

A template is a pre-defined object, query or structure that serves as starting point for
some part of the project. Templates have pre-defined settings and options selected

to match what is generally used with the knowledge gathered from past projects.

There are two kind of templates, one group is global templates and then there is also
another group local templates. Local templates are project specific and they can be
freely modified according to customer standards. Global templates are located in the
base project and template project (Chapter 3.1.1 & 3.1.4). Global templates can be
used in all engineering projects that are linked to the base project. Normal users are

not allowed to modify these templates without permission.

3.3.3 Attributes in Comos

Every object in Comos is defined with attributes, attributes have their own tab inside
of each object in the configuring interface. This tab contains everything needed for
design, purchasing, commissioning and data linking. The information in the attribute
tab varies depending on what is the purpose of the object, inherently, the data

shown comes from base object and can be further modified by user if needed.

Attribute tab is for example the following:

111005 % TE Temperature element
Ea] 13 m 5]

Name TE $ Label

Description Temperature element Folder

Alias = 31100-TE-1011 Temperature element @ X
Implementation == Not set @ X

[ General | Atfributes | Elements [ Connectors [ Status
[ Manufacturer data [ Order | technical data | material data [ ASAP [ ADMS-LINK [ design [ ex and ip code | Commissioning

Figure 5 Attributes structure

e Description

e Process data

e Manufacturer data

e Technical information
e etc.

Each attribute under the sub-category has its own tags used in the data transfer be-

tween Comos and PDMS/E3D.
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3.3.4 Queries

Handling and inserting data into thousands of objects would be very inefficient if
done manually. In Comos it is possible to create SQL-queries to sort, filter and edit
object data to every object under selected filtering/sorting at the same time. Queries
can be exported into different formats, as Excel-, Access-, txt- and XML-files are sup-
ported. Some document types can also be exported into DWG/DXF, MS Word and
pdf files. Users can effectively use excel functions for modifying data, with the limita-
tion to remember inserting only raw values to the cells used for Comos in the end.
Data transferring functions do not work with Excel syntax. Importing data from speci-
fied excel files is also possible directly back to a query. Data will update in real-time
to all the places where the data is connected in Comos and further to PDMS/E3D

once per day through XML-connector data transfer from the enterprise server.

3.4 Diagrams

A Comos database includes diagrams for most of the 2D-engineering in projects.

3.4.1 Interactive reports

Interactive reports are the generic documentation used for engineering and docu-
menting the units. After an object in the database is linked or used somewhere, in
this case, a PID drawing, an option to navigate between object and the drawing be-

comes possible.

# &2 01 Camera
"
2 ‘V ED01 Water seal pat ~» 3 S new
# [ E002 Water seal pat ~» 3
# [ E003 Water seal pat ~» 3 X| Delete
@ E004 Water seal pat ~ 3 T Cut

B
# ] C Fipe Copy
# ) D Loops 3

+ _J E Handvalves

# ) F Miscellaneous

# $3 61 Automatic airport deaning 3
# $371 Sealing air to sootblower, 4 Navigate V@ aes
= @  Base object
n = Andii = . ey
M ST e E ® Working layers/History  + | Documents ’| B4 24 351PID.24 Primary and secondary air / diluted Gases
seal pot ~» J1100-ME-124 B search Connections D
@ Properties Inheritance sources  »

Figure 6 Comos Navigate tool

Interactive reports consist of graphical elements and symbols for engineering ob-

jects. Drawings such as these are considered interactive:

e PID diagrams
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e  (Circuit diagrams
e Hook-ups
e Function plans (FUPs)

3.4.2 Evaluating reports

Evaluating reports are usually Excel, pdf or Word documents containing data sheets
or bills of materials. The report data is generated from the data input in interactive
items. Bills of materials are taken from the hook-up drawings used for each instru-
ment. Hook-ups have important information about installation and materials, with
queries it is possible to automatically calculate into a single list all the used materials

and then compile them into a file for purchasing or document delivery.

4 About PDMS/E3D

Engineers have used 3D CAD software for decades. Former CADCentre (name
changed to Aveva in 2001) PDMS had its first initial release in 1974 and got its latest
release in June 2015. The PDMS abbreviation comes from Plant Design Management
System. PDMS interface has upgraded a lot since the early stages but it is still old
fashioned compared to the new systems. Aveva first announced “the future of plant
design” Everything3D in late 2012. The first public version was released in January
2013. After that PDMS and E3D environments have been in use for plant design side
by side. (Stavanja, 2013)

4.1 Structure

In the same way as Comos, Aveva PDMS and Everything3D are also very efficient pro-
cess plant design systems focused primarily in the CAD-documentation. Aveva soft-
ware consists of multiple modules and their databases for different tasks. All opera-
tions are made from the interface by selecting a choice or items from the menu. Cur-
rently Aveva is going through modernization of the system from the PDMS to Every-
thing3D, which has updated user interface and is supposed to give big efficiency up-
grades compared to the old version. These solutions use the same primary databases
so old projects are still compatible with the new system. Old user templates were
brought along with the integration of new system. Users can even work with the

same project with different versions.
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Figure 7 Aveva modules
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e Design/Model — Main 3D design module,
uses design database.

e Spooler — Used to set the pipework design
into sections, data helps creating isometric draw-
ings.

e [sodraft — Used to produce automatically an-
notated and dimensioned piping isometric draw-
ings which also include material lists for that pipe
section.

e Draft/Draw — Creating annotated and dimen-
sioned drawings from the design model. Infor-
mation is taken from the drawing database and
dimensioning from the model database. Draw-
ings made with the draw module can be referred
as drafts.

e Paragon — Used to modify and create cata-
logues.

e Propcon —Administrator module for manag-
ing properties database.

e Catalogue — Libraries used to insert compo-
nents without having to create new models for
every object after the catalogue is created. Each
component is given specifications, which can also
be modified later.

PDMS/E3D hierarchy is divided

| WORLD |
| into three main levels. The highest
Common to all | SITE |
hierarchy level is called “World”
ZONE
| and is created first for a new pro-
| | |
PIPING STRUCTURE EQUIPMENT ject, everything else will be found
— e AVEWORK susEauemenT | Pelow this level. Very important
GASK
FLANGES NOZZLES level is “Site”. Each Site presents
ELBOW *SUB FRAME BOX
TEE COLUMS, BEAMS CYLINDER H
VALVES SECTON CONE certain process areas or geograph-
ATTACHMENTS PANEL DISH
PYRAMID ical locations. The lowest levels of

Figure 8 PDMS/E3D hierarchy levels (Model database)

the hierarchy under “Zone” con-

tain objects that can be found in

the design model. The sub-disciplines below zone depend on the purpose of the loca-

tion. They can be specified for piping, structures and equipment. The basic principle

of the hierarchy is that every element is owned by another element. Above (figure 8),
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the hierarchy of a model database as an example is shown. Elements on the bottom

of the hierarchy are owned by the elements above until the World level.

The overall purpose of different databases is to create a complete 3D model of a

plant. 2D schematics and engineering diagrams are used to support the 3D model. All
databases have a hierarchical structure. All information in project, administrative and
technical data are stored in them. Information is managed with the main modules by

creating, editing and extracting information from the databases.

4.1.1 Projectsin general

Engineering a project is a complete collection of information, which relates to a sin-
gle design. Aveva projects are started similarly as Comos projects. They are given a
unique name and then allocated by administrator when the project is initially

started.

4.1.2 Database types

PDMS/E3D has many separate databases, with each containing specific parts of infor-
mation required for design and system upkeep. As shown in figure 8, Model database

has very centric role. It consists of all available things shown in the design model.

There are also many other types of storage locations:

e Design e Properties
e Draw e Project common
e PADD e Administration
e |[SOD e System
e 2D design databases e COMMS

o Schematic e MISC

o Engineering e Transaction

e Reference
e C(Catalogue
e Dictionary
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4.2 User requirements

To ensure quality of the finished product, project personnel must have received
proper introduction and training to the system. General PDMS/E3D training is not
main responsibility for the company, subcontractors must take care of that them-
selves. However, the company will provide assistance in using the design tools and
the working methods. PDMS/E3D material need to be looked separately for each

project, in order to take into account the customer standards and change accord-
ingly.

All PDMS/E3D users must have expertise in the following areas, admins have addi-

tional requirements.
Admins:

e Installation of PDMS environment (workstation and server)

e Installing license server and maintenance

e Creating project Backup

e Basics of VPN

e Understanding of cyber security and protecting valuable information
e Creation, startup and securing functionality of global daemons
e Creating Users and Master databases

e User account management

o Understanding database writing rights

e License management (recognition and needs)

e Ordering new license

e Proper use of tools needed in projects

e Understanding, what is a global project

e Following the predefined rules for projects (naming standards, hierarchies and docu-
ment settings)

e Correct ways of design

e Making PDMS reports

e Import/export functions
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4.3 Attributes in PDMS/E3D

Attributes are different from the Comos attributes because of the model design ele-
ments are shown in 3-dimensions that require additional variables for the data trans-
fer to work. Attributes are parameters that can be changed. Each element has the

basic attribute set, that need to be filled including:

e Name: Name shown in the hierarchy, case sensitive! If not given manually, it will be
automatically generated

o Type: Defines which additional attributes will be available to that object, for example
EQUI for equipment

e Owner: Shows, in what hierarchy level the element exists, name of the owning ele-
ment is presented

e Position: Coordinates, where the origin of the object is in the XYZ-plane, point of
origin is different for each primitive. Primitives are the basic shapes used for equip-
ment models

Attributes are not tied to hierarchy levels. Most of the attributes are used on multi-
ple levels and on many elements. There are also specific attributes that are not
needed on many element types. For example, piping specifications or technical data
are only needed on piping elements and position in the model is a common attribute

for all objects. Attributes can be viewed in the attribute window for each element

separately.
A Attributes X
104.V7009
Track CE =
Attribute Walue ?
Reflio =671111175/74
Name 1047009
Type ERAN
Lock
Owner 0002-WCWw/
Description Shut-off valve test
Function unset
Purpose unset

Figure 9 E3D attribute window

Users are also able to create extra attributes called UDAs (User Defined Attributes).
In PDMS/E3D UDAs are separated from normal static attributes by placing colon-sign
at the beginning of attribute name. UDAs are fully customizable via the used special
programming language in PDMS/E3D, programmable macro language (PML). Some-

thing like colour could be created as user attribute.
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4.4 Tools

The PDMS/E3D system has different tool kits for each main category of design. The
toolbar changes according to the chosen set to match the needs of designers for par-

ticular tasks.

' EQUIPMENT H = ATR. - E3D-Trainin | TRAIMING | Model - AVEW
EQUIPMENT - MAMAGE DESIGM AIDS GEMERAL EQUIPMENT

y PIPING D Mozzle El f&

=4 X -

- j B - Fa Electrical i
CABLING SYSTEM = Standard ” e Delete Integrator
CABLE TRAY gt i Mode [

Medify Delete
STRUCTURES

SUPPORTS

MINING -

Figure 10 E3D toolkits

There are also tailored objects for Andritz use, just like in Comos, which are used in
the model design to avoid extra work caused by recreating objects. Data libraries
have been created for common use, fiber line, power boilers, recovery boilers, white
liguor plants and wood handling units. These contain templates for the standard
parts used in projects, usually only size of the parts change in the model to match the

wanted production volumes to precisely represent the actual plant in question.

4.4.1 Glamox OptiWin lighting design

Glamox is a Norwegian company who developed a light calculation program, first for
DOS system the program was called “Optima” and later in 1991 for Windows it got
renamed as “OptiWin”. In further development the company introduced PDMS plug-
ins. The program is more commonly used for calculating lighting for big ships and oil

rigs, but there is interest and benefits in using it for plant design as well.

Problem with the software comes with challenges while exporting 3D modeling file
from PDMS to Glamox. 3D-model cannot be too large in size and cannot contain too
many details, which means the engineers would have to create new files. Also, if
there are new changes to the layout in the model, the export must be recreated,

which again require lots of effort.
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Solution to the problem described above is the Glamox Plug-in, which generates sim-
plified 3D files to be exported into OptiWin. There are two versions of the plug-in,
first one is the LITE version that helps you generate the document for exporting and
then do the lighting calculation in Glamox. Another option is the PRO plug-in which

allows the calculations to be done in PDMS/E3D interface itself.

4.5 Drafting

Drawings or drafts in PDMS/E3D are done with a separate module called DRAW, spe-
cifically for generating drawings directly from the data in 3D model. Usually drawings
are created from template, in that case some steps of drawing creation are not
needed. For example, configuring new sheet or creating a view is not needed. Tem-
plate appearances are controlled and defined by administrator users. If a drawing
produced with the module is updated with new dimensions, they will be automati-
cally updated to the draft also. Data for creating drawings come from drawing data-
base and dimensioning information is taken directly from the model in model data-

base.

Isometric drawings for piping are done with ISODRAFT module. Drawings include ma-
terial list for that piping section. Style and content of the drawings are to be specified

according to company standards and requirements.

5 COMOS <—> PDMS/E3D data transfer

The link between Comos and PDMS/E3D works both ways. Data scope is defined and
maintained in specification, which are located in the global settings file for the data
export. Whole projects from Comos are transferred to PDMS/E3D as a big XML-file
with XML-connectors. Then the information is separated to databases with Avevas
own data handling tools. Tool performs data transfer each night between Comos and

PDMS/E3D engineering databases for imports and exports via scripts automatically.

Transfer process is started with a scheduled task by windows scheduler. Tasks are
preconfigured scripts in Comos. Generally, they are operations related to exporting
or importing data and files. A task runs a query for objects and data associated with
them, then another task is performed to make an XML export. Export will be taken

into Aveva Engineering Databases.
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5.1 Data storing

5.1.1 Data storage structure for Comos

The data is managed in the network. Comos users are clients and everyone accesses
a common server/database. In Comos, everything that is referred as an object origi-
nate to the actual database. The server, where they locate to, is known as the data-
base server. Things that are considered as documents or files in Comos are stored as
physical files into document folders. These folders are located in the database server

or separately on their own corresponding servers, file server or document server.

5.1.2 Data storage structure for PDMS/E3D

Information is stored on many different databases related to the modules; stored
data can then be sent forward through output channels. Outputs are done with
macro commands. Every database has hierarchical structure that is slightly different
for each other, because of the content they hold. Elements are owned by other ele-
ments, excluding World-level element. What each hierarchy element can own is de-
fined in database schema, which could be described as data from other data, also

known as metadata.

5.2 Import/export

The Comos enterprise server is used for importing and exporting data from external
sources. Attributes exported to PDMS/E3D are specifications for each instrument and

other objects like pipes or equipment.

Text
Reports

Engineering data 3D Visualisation

{from Comos)

»n

Design Diagrams b Engineering Drawings

Figure 11 Data flow chart from Comos to PDMS/E3D
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Currently the PDMS/E3D to COMOS import query brings back the actual position of
the element in the 3D model. In figure 12, shows what attributes can be imported
automatically. If an image file exists from PDMS object, it will also be imported back
to Comos. The image can be found from the same attributes tab as the in-plant posi-

tioning data.

In-plant positioning In-plant coordinates

Global object coordinates

X position 15.639 x coordinates
¥ position 0.000 y coordinates
Z position 3.850 Level
Ground level m v
PDMS data transfer
Import timestamp 22.04.2020 23:42:25 & .
PDMS Link Status OBJECT LINK ACTIVE Reset link
Import notes Missing XML node .//General/CoordX, spec ' coordinates’ not updated.

Missing XML node ral/CoordY, spec 'y coordinates’ not updated.
Missing XML node .//General/Level, spec "Level' not updated.

Exclude from PDMS data transfer

Figure 12 Data transfer from PDMS/E3D to Comos

The third program, Autodesk Navisworks, is a 3D model viewer, which works to-
gether with PDMS/E3D engineering database and design database. A user can search
and view any part of the plant by tags used in Comos. A Navis-model is generated
from information available in Aveva databases. This means that in the end if anything
is updated to Comos, those values will be updated in transfer cycle to the Navis

model too.

Two different versions of Navis is generated for Andritz. A commercial version (Fig-
ure 13) and an another version for internal use (Figure 14), the internal version has
more engineering related attributes generated from PDMS/E3D data originated from

Comos.
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& Unhide Al ~ Properties

rch Visibility Display

hy-2806 o7

Hide

TimeLiner Playback

Tools

Properties

Item PDMS  Material

Property Walue
Mame A31100-HV-2806
a0_Uin RCB201352663.

Figure 13 PDMS/E3D to Navis commercial data transfer

Properties

Item PFDMS  Material

Property Value

Name FA00-HY-2806

Type INST

Lock No

Crwner F31100-2402-5MP-40-40C1B/B1
Position E 5981mm M 21200mm U 13308.61mm WRT /31100-...
Crientation Yis W WRT /31100-2402-5MP-40-40C1B/B1 and Zi...
Built No

Shop No

|zohidden No

Spref SMETSO-CTRL-VALVE/ANAPVABB-EZ5-40:4040
Lstube JE40C1B-RCB/TUBEOD40
Amive 1

Leave 2

Criflag TRUE

Posflag TRUE

lzpec FINSU-HI-AL

Angle S0deqree

Loffline No

Cefbreak No

Tefbreak No

Asfbreak No

Lsfbreak No

Rlock -1

Hrelative TRUE

Deldsg Na

Looze No

AeeHAUPT No

AeeALUFT No

PeellLUFT No

AeelSOL No

aD_UiD RCB201352663A2573
Status3D Unget

Figure 14 PDMS/E3D to Navis internal data transfer
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5.3 Comos linking tools

To see what has been linked, queries in Comos are showing the status of the linked
objects and their attributes. These queries can be found or created to the Internal
folder in the project hierarchy = AEI Lists = Right-mouse = New and then select

the list wanted to be created.

= g% K1 Structure K-Area
= )1 KLists
= L1 Lists for Division
+ _J HARM_V4  Andritz Common Harmonized lists W4
= _J INT Lists for Internal Use
= _JAEL AEI lists
+ I LI-EMSR.4511 PDMS status list - Instrument nozzles
+ LI-EMSR.4512 PDMS status list - Instruments
+ LI-EMSR.4513 PDMS status list - Valves & In-line instruments
# % LI-EMSR.4514 PDMS status list - Cabinets and earthing bars

Figure 15 Comos link status queries

These queries show general data regarding the objects, such as:

e Loop information

Device information

PDMS/E3D position imported back to Comos
Link status

Scope of supply

e Connected to —info

e ADMS integration info (Doclinks)
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6 Instructions for data transfer link

These instructions are meant to clarify how to enable data transfer for objects be-

tween Comos and Aveva PDMS/E3D.

The data linking tool itself actually works between the Aveva Engineering database
and Design database, not between Comos and Aveva. Tool searches for data in the
engineering database brought there by xml-connector and then a user can create the

link between engineering and design database objects.

Topics:
e (Creating object in PDMS/E3D
e Linking existing object
e Searching for imported data
e Updating linked values

Navis

4 ™\
Comos
C }{ML—connector
Engineering Design
L DB DB )

Figure 16 Basic concept of the data transfer
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6.1 Searching for imported data

When you open a project in E3D from Aveva launcher, on the top-right corner of the
toolbar there is (A) Tools menu. Linking, creating and updating attributes for objects

is done with “Compare/update”.

(A) TOOLS (A) LIBRARIES ADMIN 4
adel from claimlist for Naviswerks ~ VOF Supports Rem Primitives Hl Import LOF EE Rename Tekla Steels  SetTekla GUID names  Status Controller  Compare/Update
] =
Add Valve f Instru | Unname Mem Step Import With Nozzles Delete Bad STL Link Status
STD IFC Att
More Tools... More Tools... lsom Viewer Andritz Handrails More Tools... =
Exports Pipework Equipment Isometric Imports Steelwork Status Comos

Figure 17 Where to find data linking tool in E3D

Clicking the “Compare/update” button opens a new window to proceed further. By
default, the window is locked on the side. The window can be dragged and increased

or decreased in size as any other window.

A\ | Andritz ComosAveva 3.1.2 b4
Compare/Update | Link/Unlink/Create | Admin Tools
Read all data ;D | D

|_ | P 263

Text filter

Comos Detail Type  Comeos Full Label Name Comos Description Comos Design Name Linked to

Y F a. 1

PIPE EGQUI () LINKED [[] SHOW HIDDEN

[] VALVINST [] AEl (@ UNLINKED

[] OTHER [] Loor () COMOS REMOVED

Figure 18 Data linking tool

Open the “Link/Unlink/Create” page in the data transfer tool. By clicking the “Read
all data”-button it reads all imported data from the Aveva Engineering database
where it is stored and then shown as a list below. This list should be filtered with
type selection and text filters for easier use. Columns are searched by the name of
the object in Comos. Device description or position number (Comos design name) are

good filters.
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When an object has already been created to E3D or PDMS, linking is done by select-

ing the correct element from model explorer and then selecting “Link Selection to

CE” in the tool. Make sure to check that the component type matches the Comos de-

tail type, which in this case is instrument to avoid making incorrect links. It is possible

to link an instrument to the wrong type as it is not yet monitored.

4 @ PIPE DD03-WCW
4 B BRAN 0003-WCW/B

dE GAsK 1
#r FLAN 1
{7 ELBO 1
{° ELBO 2
{7 ELBO 3
{7 ELBO 4
- ELBD 5
" ELBO 6
ok INST 1
£ OLET 1
D VALV 1
#p FLAN 2
df GASK 2

& <3 BRAN 0003-WCW/B2

Figure 19 Selected Element

Andritz Plant ComosAveva 3.1.3
Compare/Update | Link/Unlink/Create | Admin Tools
e n
Read all data a D a D
CE
[\¢] | [ 1003 |
Comos Detail Type  Comos Full Label Name  Comos Description Comes Design Name Linked to
INST I0881.11003.FE Flowsensor l
Link Selection To CE
PIPE 10881.11.0003 Fipe 3 - . D003-_WiCwW
Unlink Selection
TANK I0881.11E003 Flash Tank
Refresh List
Copy
Create
Update
Navigate to
Hide/Unhide
PIPE EQUI (") LINKED [] SHOW HIDDEN
VAL\J'J'INST O AEI (@) UNLINKED
[] OTHER [] Loor "y COMOS REMOVED

Figure 20 Link to current Element
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With use of the Link Status — tool, name and attributes of separate instrument under
Zone can be updated to match the Engineering database. The green colour indicates

successful linking.

4 é PIPE CHECK_ASTNHMOW?7E_D003- WCW_"T_A1 Andritz Comos Update - *
Fl ';Iﬂ BRAN CHECK_A3TNHMOWZ7E_DO03-_WCW_" | Selacted Element
e c sROOZFE
il FLANT
£ ELBO 1 Resutts
£° ELBO 2 T0AF1-003 FE
ACTIVE ENGLNK
7 ELBD 3
7 ELBO 4
£° ELBOS
£° ELBO 6
e INST 10AFI-003 FE
& OLET1
P VALV ComosFullLabel ComosCustomerTag Description Model
i?lt :ﬂ:i INSTRUMENT /10AFI-003.FE

Figure 21 E3D succesfully linked instrument

6.2.1 Equipment and piping update

Equipment and piping data (Level 1 objects) can be updated directly from the link
tool after they have been linked. Select the Site or Zone to compare values in Design
and Engineering databases. Multiple rows can be updated at the same time by se-
lecting them all with the CTRL+A command or CTRL+Shift-left mouse clicking them

and then doing the “Import selection”.

A Andritz Plant ComosAveva 2.1.3 x I

Compare/Update | Link/§nlink/Create | Admin Tools

Compare CE
|
Aveva Name Attribute Name Comos Value Aveva Value
T-002 [ComosCustomerTag/-Cor(10AT-002 unset
0004 Descnption/Description  [Fipe 4 linked Fipe 4 .
Import Selection
Advanced 3
VALUE to UNSET [] EQUALS
[] INVALIDS

Figure 22 Import selected function
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Creating a new object is done in the same menu as linking existing elements. First

make sure to navigate to correct the Zone/Element in the model hierarchy.

_A Andritz Plant ComesAveva 3.1.3 x
Compare/Update | Link/Unlink/Create | Admin Teools
s .
Read all data s | 2D
Gk i
002-PT
Comos Detail Type  Comeos Full Label Name Comos Description Comos Design Name Linked to
AEHP loss1.11002-P7 Pressure Tronsmiter 108P1002-PT |
Link Selection To CE
Unlink Selection
Refresh List
CtEy »
| | Create 3
Update E
Mavigate to 3
Hide/Unhide 3
[ FIPE ] EGUI () LINKED [] SHOW HIDDEN
[] VALVANST I AEI @ UNLINKED
[] OTHER ] LooP T COMO3 EFW!!rED

Figure 23 Creating new instrument

The object will now be created under the selected element and automatically

linked to the object in engineering database. In the link tool by right mouse clicking

the row in the Comos list it has an option to create an object with the type. (When

object is already created you cannot create duplicates)

When a new object is created, the E3D/PDMS must be restarted to activate the link.

A user can create multiple new objects in one session before restarting E3D/PDMS to

make links active.

Figure 24 Remember to SAVE WORK

AEI-P [0881.11010-PT Pressure Transmitter [10API-0T0-PT
DP Transmitter -OTITEST 0881.11PDO1-PDT
Message X
DF Transmitter -CTITEST 0881.11PD20-PDT
@ Plesse SAVE WORK and restart your
Ia‘ E3D/PDMS to make new links active. Fessure;| aemiter MAPHNZET
= FEEDEEETIiEs I Flowsensor 10AFI-003 FE
Isolation Yalkve [10ALI-001 LTV
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6.4 Updating object naming

After link has been created with the linking tool, the name in the model explorer
does not automatically update accordingly for sub-discipline elements (Level 2 ob-

jects). Open the “Link Status”-tool from the (A) Tools menu.

By selecting the pipeline, you will see linked components available for updating. By
selecting the correct part and clicking the “update”, the previously called valve “VALV

1” takes the name from the database and updates it to “VALV 10A.V7007”.

© € PIPE3
X @ PIPE 4 Selected Element

YIS 7|
> @ PIPE 0003-WCW

€3 PIPE 0001 Results

+ € PIPE 0005 1047007
4 {§ PIPE 0004 ACTIVE ENGLNK

4 < BRAN 0881.11.0004-WCW-80- X1/B1

m

ComosFulllabel  ComosCustomerTag  Description Model

A GASK 2
i 088111107 10A.V7007 Valve, desc changed ~ VALVE /10A.V7007

[<] VALV 10A.V7007
4k GASK 3
ir FLANS
B LSE3
i ELBO 1
7 ELBO 2
i LIsE4
e FLAN 4
4 Gaska
© €5 PIPE 0002-WCW
& PrET
| SITE 088-072_PIPE_HP
| SITE 085-081_SUPP_LP
| SITE 088-082_SUPP_HP
| SITE 088-001_DUCT
| SITE 088-002_DUCT_CHE [ Updete ][ unlink ][ Dismiss

=

Figure 25 Link status/update value

To check that the component is linked into the right object, one can open the PID

drawing to see if the naming matches.

Figure 26 Same valve in Comos PID
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6.5 Nozzles

Nozzles are important elements; they are the process connection between a pipeline
and measuring instrument or the connection between equipment such as a
tank/pump and pipeline. Nozzles are created as OLET elements in PDMS/E3D. In Co-
mos nozzles are named with xX\W, W stands for well and x for the represented meas-
urement type (L, P, T). NOZZLEx or Nxx is used for general nozzles connecting equip-
ment, where x/xx is number indicator. Implementing nozzles will most likely be sub-

ject to change in the future.

4 (B PIPES2-7-2380-HST3-250-10CrMo0-10
i £ BRAN 52-7-2380-H5T3-250-10CrMo0
4 B BRAN 52-7-2380-HST3-250-10CrMog
¢ WELD 1
£ OLET 1
¢ WELD 2
£ OLET 52-T1-2120TW

£ OLET 52-P-2160PW

Figure 27 Instrument nozzle OLET 52-TI-2120TW and placeholder box for sensor

Nozzles do not have unique tags in Comos, they are given a name automatically by
the hierarchy as shown (Figure 27). In E3D hierarchy they are usually owned by pipe-

line or pipe branch.

If a nozzle is modeled in the 3D model and it is linked to Comos, an automatic posi-
tioning tool will locate a 100mm x 100mm sized box element representing the actual
measurement device to the pipeline of connecting nozzle (final placement is still
done manually) when an AEI-type element is created with the linking tool. When
nozzle is not found or link not established, the box will by default be created in to the

origo of the model (0, O, 0).
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7 Results and conclusions

7.1 Conclusions

During the writing of this thesis, a study was conducted to learn and document the
basic idea of the Comos environment and what is happening in the background. The
same was done for Aveva PDMS/E3D software to give some level of understanding to

users, who have none or little prior experience with the system.

The main goal was to keep documentation from the data transfer point of view, as it
has not been documented very clearly. This thesis includes step by step instructions
on how to create a data transfer link between a Comos object and the object in the

PDMS/E3D plant design model. General information about the two discussed above

was also written to make this more explanatory for the audience.

7.2 Future development suggestions

A data transfer tool is implemented and in use for most of the projects. Currently the
transferred data is fairly limited, due to the fact that the tool has been in use for less
than a few years. There is a lot of room for expanding the feature in upcoming years.
Coherent naming and application for both sides would create solid baseline for
engineering objects to begin with. Some objects like instrument nozzles have no

naming set in Comos and yet they are brought to PDMS/E3D as important parts.

On demand, new attributes can be added to the Comos XML-export fairly effortlessly
and then put into use from the Engineering database in the PDMS/E3D environment.
These attributes would be for example helpful parameters needed by model

designers. Current attributes within the data transfer scope are shown in Appendices

1-5.

The overall efficiency of the tool could be improved. Currently, creating new columns
for text filtering is not possible, it would make more specific filtering for certain
object types available. Updating data from a database with the tool can be
automated further, for example in a situation where piping, nozzles and their
instrument linkings have been completed for one pipe branch and all the linked

values could be updated with one button. Currently only equipment and piping
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(Level 1 objects) can be updated directly with the Compare/Update tool. Other

elements (Level 2 objects) have to be updated with the Link status tool separately.

To further reduce the chance of false linkings, the tool could be restricted to only
linking objects, that share the same type and then giving a warning pop-up if this rule

is violated.

A new catalogue for model templates was brought up in discussion due to the fact,
that right now instruments and other design objects in Comos have different
structures than what PDMS/E3D shows, this makes linking them together a rather
difficult case. Being able to add a complete package from a template to a model at
designated coordinates on the pipeline and create necessary objects automatically
would make the design much more efficient. Instead of bringing each instrument and
their attachments one by one, a complete pressure measurement selected from the

catalogue would be created instantly.

For the simplicity of both hierarchies, it has been taken into consideration that
Comos and PDMS/E3D hierarchies would be standardized to match each other. This
would mean that the current way of arranging sites and zones in Aveva would be
pushed aside and changed to the Comos hierarchy model. Arranging all equipment,
instruments, structures and piping by process areas under the sites and zones. If the
two hierarchies could be harmonized, PDMS/E3D site and zone levels included,
elements could be created directly to the correct place without users having to
manually navigate to the wanted hierarchy levels. This change would benefit

designers and also make developing automated functions easier.
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Appendices

Appendix 1 Comos to

PDMS/E3D attributes (Level 1 objects)

Attribute Name Level 1 object types
in PDMSJ/E3D Pipe Pump Fan Tank Conveyor GenEQ
@ObjectLevel 1 1 1 1 1 1
@ObjectType PIPE EQUl EQUl EQiUI EQUI EQUI
@mName
.
ComosUID X X X X X X
Description X * x * X X
ComosBase0b X b X X X X
ComosFullLabel X X X X X X
ComosCustomerTag X X x X X X
ProcessArea * x x x * *
UploadDate ¥ x ¥ x ¥ ¥
Date X X X X X X
FlowShestMumber X X X X X X
ComosDescription X * x * X X
Owner
ComosActive X X X X X X
Orderindex X X X X X X
Designlame X * x * X X
SystemCode ¥ x ¥ x ¥ ¥
FunctionalGroup X x X x X X
TagStatus1 X X x X X X
TagStatus2 X * x * X X
TagStatusd X b X 3 X X
S Y S
Detaillype X X x X X X
Manufacturer x x x * *
ManufacturerType x ¥ x ¥ ¥
Supplier x X x X X
Wedium X X X X X X
ScopelfSupphy X * x * X X
PipeSpecification ¥
PECClazs X
PEDMod N x
DesignStd h X
M edia
DM X
OperatingPressure X
PS *
CalcPressure Y x
OperatingTemperature X
15 X
CalcTemperature h X
FromDescription ¥
FromComosU I X
FromType X
ToDescription X
ToComosUID X
ToType X
GroupNumber x
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Appendix 2 Comos to PDMS/E3D attributes (Level 1 objects)

Attribute Name Level 1 object types

in PDMS/E3D Pipe Pump Fan Tank Conveyor GenEQ
@ObjectLevel 1 1 1 1 1 1
@ObjectType PIPE ECIUI ECIUI ECUN ECIUI ECUI
TracingSpecification
InsulationSpecification
lzometricDrawinghumber
MechanicalErection

Team

InspectionFtUt
InzpectionMtPt
IngpectionVt
WaterRunGroup
HydroTestPressureGroup
MediumCode
MediumCodeCustomer
ExternalDiameter
WallThickness

Material

Width

Depth

Height

EmptyyWeight x x x x
MaxWeight X X ® X
OperatingWeight x x X x
SeizmicClass
WacuumPressure
InsuTargetTemp
TestPressure

=

ERE R LR B L L R R

AR R

o

PumpType X
PumpCapacity x

Pu miH ead x

FanCapacity x
FanPressurelifference x

GrossWVolume

aheeDN
YaleType
ProcessConnection

JunctionBoxUIDs
JunctionBoxTags

ControlSystem




Appendix 3 Comos to PDMS/E3D attributes (Level 2 objects)

Attribute Name
in PDM S

Level 2 object types
Valve inline instr

AFI

|

Loop

b |
| nozzle P nozzle

Motor

@0ObjectLevel

2 2

2

2 2

2

@ObjeciType

ComosUID

VALV INST

=418

LOOP

NOZZLE | NOZFLE

MOTOR

Description

ComosBaze0b

ComogFullLabel

ComosCustomerTag

ProcessArea

UploadDate

Date

Flow Sheethumber

ComosDescription

Owner

ComosActive

Orderindex

DesignName

SystemCode

FunctionalGroup

TagStatus

TagStatus2

Ta i Status3

Detaillype

LA AR A L R e R LR L R B R A B B R
LA A R A A L R A R E R A LR e R R A A A B

R o o o o S ) S o o o o

LA AR A L R e R LR L R B R A B B R

=

LA A R A A L R A R E R A LR e R R A A A B
Eo R o o o o o S o o e o ) o

LA AR A L R R A R L R R R A B R

Manufacturer

ManufacturerType

Supplier

LR E]

Medium

ScopeOfSupphy

LR E AR
LR A R R

E o o o o

LR A R R
E o o L o

.

PipeSpecification

PEDClass

PEDMod

DezignStd

Media

DN

OperatingPrezsure

PS

CalcPressure

OperatingTemperature

TS5

CalcTemperature

FromDescription

FromComaosUID

o

]
B

FromType

ToDescription

ToComosUID

ToType

GroupMumber
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Appendix 4 Comos to PDMS/E3D attributes (Level 2 objects)

Attribute Mame Level 2 object types
in PDMS/E3D Valve inline instr apl ™ Loop " I nozzle P nozzle Motor
@ObjectLevel 2 2 2 2 2 2 2
@ObjectType VALV INST AEIl LOOP NOZZLE | NOZZLE | MOTOR
@MName
|
ComosUID * * * * * * *
Description x x x x x x x
ComosBaseOb * * * * * * *
ComosFullLabel * * * * * * *
ComosCustomerTag x x x x x x x
ProcessArea * * * * * * *
UploadDate x x x x x x x
Date * * * * * * *
Flow SheethNumber * * * * * * *
ComosDescription x x x x x x x
Owner * * * * * * *
ComosActive X X X X X X X
Orderindex * * * * * * *
DesignName x x x x x x x
SystemCode x x x x x x x
FunctionalGroup x x x x x x x
TagStatusi x x x x x x x
TagStatus2 x x x x x x x
SR N N [ N I
DetailType x x x x x x x
Manufacturer * * * * * *
ManufacturerType x x x x x x
Supplier x x x x x x
Medium * * * * *
ScopelfSupphy x x x x x x x
PipeSpecification
PEDClass
PEDMod h
DesignStd b
WMedia
DN
OperatingPressure
PS
CalcPressure h
OperatingTemperature
TS5
CalcTemperature b
FremDescription x x x
FromComasUID * * *
FromType x x x
ToDescription
ToComosUID
ToType
GroupNumber




Appendix 5 PDMS/E3D to Comos attributes

| Attribute Name

|lin PDMS/E3D

Data source in Comos

PIPE

ANY OTHER

Mame

Object property (SystemUID)

x

x

PositionX Spec GPOS.COORD X X X
Positiony’ Spec GPOS.COORD Y X X
PositionZ Spec GPOS.COORD 7 X X
CoordX Spec GPOS.COORD X1 ¥ X
CoordY Spec GPOS5.COORD %1 ® X
Level Spec GPOS.COORD 71 X X
PositionTailX Spec GPOS.COORD X T X
PositionTaily Spec GPOS.COORD ¥ T X
PositionTaild Spec GPOS.COORD 7 T X
CoordTailx Spec GPOS.COORD X1 T X
CoordTaily Spec GPOS.COORD Y1 T X
LevelTail Spec GPOSCOORD 21 T ¥
Status3aD Spec BE.LOT2 ® X
Galv Spec AM_L143 X X
Length Spec TD.M169 X X
BendCount Spec TD.ROTO X X
GroundlLevel Spec GPOS.COORD LWL X X
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Appendix 6 PDMS/E3D link status query
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