MEASUREMENT AND CONTROL

Take a Fresh Look at
Plant-Design Software
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The greater power
of today’s personal
computers affords
engineers true
three-dimensional
design capability
at low cost.

Rick Carell,
Engineering Design Automation
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espite being pioneered as early
as the 1970s, mainly by several
British companies, the field of
computer-aided plant engineer-
ing (CAPE) still has not reached its
promised potential. In contrast, in
mechanical engineering, the use of com-
puter-aided design (CAD), solid model-
ing, stress analysis, and related technolo-
gies is nearly universal now. And very
tew electronic engineers would even
think of designing a printed circuit board
or integrated circuit with pencil and paper
any more. Yet, as Horwitz recently
emphasized (/), far too few chemical
engineers are using software tools.

Why has CAD technology proliferated
so slowly in the plant-design field? A
major factor is the declining number of
players in the software market; this has
limited choices and kept prices relatively
high. The market largely has been domi-
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B Figure 1. Methanol plant layout created using AutoPLANT. (Photo courtsey of Hydrochem Processing.)

nated by one or two mainframe-based
vendors. Less expensive systems based
on personal computers (PCs), which have
spurred CAD acceptance in other fields,
exist but haven’t taken root nearly as
deeply, because most available choices
lacked critical features such as three-
dimensional design capabilities.

The PC-based plant-design market has
long been dominated by general-purpose
AutoCAD software. Third-party vendors
offer add-on packages to AutoCAD that
provide needed plant-design capabilities,
such as bill of materials (BOMs), auto-
matic generation of isometrics, interfer-
ence checking, and so on. There are many
advantages to design software built
around the AutoCAD graphics engine. Its
user interface is widely known, thus cut-
ting training costs and startup time. The
developer does not have to duplicate
CAD software functionality, thus reduc-



ing program purchase costs. AutoCAD
also is available on a wide variety of
hardware platforms, which the add-on
products usually are able to support.

Now, thanks to the proliferation of
PCs based on Intel’s 80386, 80486 and
new Pentium 586 microprocessors that
offer 32-bit data paths and up to a poten-
tial 4 gigabytes Random Access Memory
(RAM), PC-based plant-design packages
offer the major capabilities of mainframe-
based systems and near-mainframe per-
formance at a far lower price. Indeed, the
capabilities of PC-based plant-design
packages are approaching or even
exceeding systems available on shared-
host and workstation computers costing
10-20 times as much.

3-D capabilities

The most important advancement
offered by the newest generation of PC-
based plant-design systems is true three-
dimensional design capability. This
means that the most advanced systems are
able to convert a Process and
Instrumentation Diagram (P&ID) to a
CAD model that contains a complete 3-D
representation of the plant. This model
then can be used to generate dimensioned
piping isometrics with virtually no effort,
simply by selecting the desired line num-
bers. Using general-purpose CAD sys-
tems, which mimic the manual process,
isometrics take far more time, because it
is necessary for the designer to generate
each one — hundreds are required on the
average-size project — line by line.
Another benefit of using 3-D CAD for
plant layout is that it pinpoints interfer-
ences between components, eliminating
field errors. This typically can cut total
plant costs by up to a 5%, due to more
pipe prefabrication (which usually is only
about one-third as expensive as field run
piping), reduced rework, and better con-
structability for many projects.

Piping isometric drawings are the con-
trolling document for pipe fabrication and
assembly. And 3-D plant-design pro-
grams support isometric extraction from
the model for further detailing. The bene-
fits of computer-generated isometrics are
improved accuracy and consistency. For

example, the omission of a 3-mm gasket
thickness or weld gap on a large bore pipe
means the difference between proper fit
and an expensive field-change order. Pipe
detailing programs also enable the
designer to split the pipe into smaller
spools for truck transport to the site or
easy assembly in crowded areas.

Detailed plant drawings are needed for
construction. But construction crews
often have difficulty interpreting conven-
tional plan and section drawings, and pre-
fer expensive, scaled plastic models.
Rendering packages for the PC-based
systems, however, create shaded images
of 3-D plant models, and permit walk-
throughs along a predefined path. (In
addition, hardware vendors are porting
their 3-D geometry engines down to work
at the PC level.) These walk-throughs are
ideal for collecting client comments and
identifying inadequate spacing for main-
tenance, forklift obstructions, and other

operator concerns.

The best programs minimize the
opportunity for transcription errors by
providing links between the different
modules of the program. For example,
when doing a pipe layout in the design
module, the relevant line can be refer-
enced in the P&ID, and the system will
identify the source and destination of the
line. It also will refuse to place valves
selected from the P&ID into the wrong
line. In addition, the user can export com-
plete lines or line segments to an isomet-
rics module, where they can be dimen-
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B Figure 2. Visualization
and client review using

AutoPLANT and Renderstar

(photo courtesy Modern Medium
and AEC/Technologies.)



COMPUTERS

CAD Technology and
Process Plant Designing

omputeraided design (CAD)
C has not been able to reach its
promised potential in process

plantengineeringinspite of being pio-
neered in the early 70s. Inmechanical
engineering, however, theuse of com-
puteraided design in solid modeling,
stress analysis and related technolo-
gies is nearly universal. Similarly,
very few electronic engineers would
ever want to design a printed circuit
board or an integrated circuit with
pencil and paper. On the other hand,
the majority of process plant design
work is still being done by hand and
significant movement towards this
technology has come only in the last
few years.

Mainframe Vendors

Why has computer-aided design
technology lagged behind in the pro-
cess plant design field? A major factor
is the declining number of players in
the software market which has limited
choices and has kept prices relatively
high.

The market has largely been
dominated by one or two mainframe
computer vendors who, although
amounting to only about 5 per cent of
the total, account for around 60 per
cent of the installed cost. Less expen-
sive personal computer (PC) based sys-
tems, which have spurred the exten-
sive use of CAD in other fields, exist
but have not taken root because most
of the available systems lacked critical
featuressuchasthree-dimensional (3D)
design capabilities.
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The PC based plant design mar-
ket has long been dominated by
AutoCAD software which does not
offer any specific plant design features.
More recently, third party vendors have
moved into the void to provide add-on
packages to AutoCAD that provide
needed plant design capabilities such
as Bill of Materials, automatic genera-
tion of Isometrics, Interference Check-
ing, etc.

There are many advantages to
design software built around the
AutoCAD graphics engine. The
AutoCAD user interface is widely
known, thus minimizing training costs
and start-up time. The developer does
not have to duplicate CAD software
functionality, thus reducing program
purchase costs. AutoCADisalsoavail-
able on a wide variety of hardware
platforms which the add-on products
are usually able to support.

A battle seems to be shaping up
in the plant design software market
now since PC based systems are being
offered at a much lower price. PC
based plant design software vendors
are going after the large segment of the
market which has not computerized
not to mention targeting existing cus-
tomers of mainframe vendors. A con-
tributing factor in these advancements
is the proliferation of PCs based on
Intel’s 80386 and 80486 microproces-
sors which offer 32 bit data paths and
up to a potential 4 Gigabytes RAM to
provide near-mainframe performance.

The capabilities of PCbased plant
design packages that take advantage
of these capabilities are approaching

or even exceeding systems available
on shared-host and workstation com-
puter costing as much as 10-20 times.

The mostimportantadvancement
offered by the newest generation of PC
based plant design systems is true 3D
design capability. This means that the
mostadvanced systemsareableto con-
verta P&ID diagram toanorthegraphic
model containing a complete 3D repre-
sentation of the plant. This model can
then be used to generate dimensioned
piping isometrics simply by selecting
the desired line numbers.

Isometric Drawings

Using general-purpose CAD sys-
tems and traditional plant design soft-
ware isometrics take more time be-
cause it is necessary for the designer to
generate each one — hundreds are re-
quired on the average-size projects —
line by line. Another benefit of using
3D CAD for plant layout is that the
ability to determine interferences be-
tween components eliminates field er-
rors, thus contributing a 5 per cent
reduction in total plant cost due to
reduced rework and Dbetter
constructability. This figure is prob-
ably much higher in densely piped ar-
eas such as offshore platforms.

Pipingisometricdrawingsarethe
controlling document for pipe fabrica-
tion and assembly and prefabrication
of piping in a shop is one third as
expensive as field run piping. Since3D
plantdesign programs supportisomet-
ric extraction from the model for fur-
ther detailing the benefits of computer
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generated isometrics is improved ac-
curacy and consistency. For example,
the omission of a 3 mm gasket thick-
ness or weld gap on a large bore pipe
means the difference between proper
fit and an expensive field change or-
der. Pipe detailing programs also en-
able the designer to split the pipe into
smaller spools for transport to the site
or easy assembly in crowded areas.

Detailed plant drawings are
needed for construction. However,
construction crews often havedifficulty
interpreting plan and section draw-
ings and prefer expensive scaled plas-
tic models. Rendering packages such
as Modern Medium'’s RenderStar or
AutoDESK 3D -Studio, create shaded
images of 3D plant models and permit
walk-throughalong a predefined path.
In addition, hardware vendors such as
Silicon Graphics are porting their 3D
geometry engines to work at the PC
level. These walk-throughareideal for
collecting client comments and identi-
fying inadequate spacing for mainte-
nance, forklift obstructions and other
operator concerns.

The best programs minimize the
opportunity for transcription errors by
providing links between the different
modules of the program. For example,
when doing a pipe layout in the design
module, the relevant line can be refer-
enced in the P&ID and the system will
identify the source and destination of
the line. It will also refuse to place
valves selected from the P&ID into the
wrong line.

The user can also export com-
plete lines or line segments to an iso-
metrics module where they can be di-
mensioned and annotated automati-
cally before spooling for fabrication if
required. At all times the information
relating to each component is being
managed by the system to insure the
integrity of the data. Features of this
type allow the project team to work in
a more integrated fashion than is pos-
sible using traditional manual tech-
niques, and exploit the benefits of con-
current engineering.

Petrochemicals & Refining

The new generation of personal-
computer-based plant design software
also offers the ability to add intelli-
gence in the form of non-graphic data-
base information. These systems are
capable of performing such functions
as establishing connectivity between
equipment and piping or instrument
lines, identification of all valves by lo-
cation, and identification of instrument
function and connectivity. This infor-
mation is then used by the system to
create comprehensive rapport such as
line, valve and equipment lists and an
instrument index which can be ma-
nipulated using programs such as Lo-
tus 123 or dBase IV for design and
procurement purposes.

Actual pipe lengths and fittings
and valve counts are used to develop
bill of materials (BOM) listings. The
user can print specifications class by
class, as well as instrumentation and
valve data sheets in any quantity. The
format for bills of materials can gener-
ally be greatly tailored by the user to
meet specific requirements.

Instrument Lists

Data for bills of materialsis drawn
from the latest revision of the drawing.
Schedules can also be prepared and
printed in formats defined by the user.
Examples include line designation
schedules, valve or speciality item lists
and instrument lists.

Accurate BOM quantities elimi-
nate surplus items, shortages or other
procurement errors which typically
amount to about 3 per cent of the mate-
rials budget. Material shortages are
even more damaging as they often re-
sult in construction delays or erection
sequences being rescheduled with con-
sequent cost penalties.

According to recent Marsh &
McLennon insurance study, pipe fail-
ure is still the largest cause of cata-
strophic plant accidents. In the past,
stress analysis in petrochemical plants
was only performed on hot lines or
other strategic pipe runs. Now, with

low cost personal computer programs
it is possible to review every line for
safety purposes. However, stress engi-
neers are still a limited commodity and
the man-hours necessary tobuild stress
models for each pipe run is substantial.
Fortunately, the pipe geometry created
using the AutoCAD engine can be ex-
tracted and sent to numerous stress
analysis programs. For example, sev-
eral programs contain an interface to
the Caesar II and AutoPIPE programs
for stress analysis.

Theinterface performs automatic
node numbering and extracts materi-
als, cross sections and other data neces-
sary for analysis. The newest genera-
tion of personal-computer-based plant
designsoftwarealso usesindustry stan-
dard Lotus 123 and dBase file formats
to exchange textual and numeric infor-
mation between applications. Many
users take advantage of this capability
by assigning nontechnical personnel to
perform large scale textual data entry
such as equipment specifications. It
can also be used to export data for use
in other programs or management re-
ports.

Today it is possible to provide a
process piping designer with a per-
sonal computer CAD workstation with
sufficient computing power todevelop
a 3D model and document a complete
design for a large process plant for a
fraction of the cost of a comparable
mainframe system. An example of the
new geheration of PC based 3D plant
design software packages is
AutoPLANT, a specifications-driven
3D modeler that automates plant lay-
out and is easier to use than conven-
tional 2D drafting templates.
AutoPLANT provides 80-90 per cent of
the functionality of mainframe CAD
systems for a fraction of the price. Itis
the system of choice for both small to
mid-sized engineering companies who
seek to upgrade their technology to
compete and cannot afford more ex-
pensive systems as well as big engi-
neering companies who are looking
into downsizing.
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Use of Computers in Piping Engineering

T. S. Bhatia
Davy Powergas (I) Ltd., Bombay

As we enter into the 21st Century, we find the use of computers in almost
every field, Engineering being a major one.

The field of Piping Engineering plays a major role in various plants like
Petrochemicals, Prefineries, Polyesters Plants, Chemical and Pharmaceutical
Plants, Offshore Platforms etc. and the use of computers has become eminent
to meet the Quality and Schedule for commissioning of these plants.

Following software are extensively used for Piping Design Engineering : (i)
AUTOCAD - Mainly a drafting tool used for preparing Piping and instrumentation
Diagrams (P & ID’s), Plot Plans, Equipment Layouts , Piping Layouts, isometrics
and Support Drawings ; (i) PDMS (Plant Design Management System) - an
interactive 3-D software used for various Piping Engineering activities; (iii)
AUTOPLANT - a tool to generate Piping Drawings, Isometrics, Bill of Material of
Piping items on computer; (iv) AUTOFLOW - designed fo add intelligence to
Standard Flow Diagram (P & ID’s); (v) CAEPIPE (for Stress Analysis of Piping)

1.0 Introduction

As we enter into the 21st Century, one finds
that the days are not far, when computers
become a basic need of human life.

Today, Engineering cannot be thought of
without Computers, for quick and perfect
results.

The field of Piping Engineering plays a major
role in various plants like Petrochemicals,
Refineries, Polyester Plants, Chemical and
Pharmaceutical Plants, Offshore Platforms etc.
and the use of Computers has become imminent
to meet the Quality and Schedule for
Commissioning of these Plants.

2.0 Softwares Used For Piping Design
Engineering

Following are some of the Softwares used for
Piping Design Engineering by DPG.

A) AUTOCAD
B) PDMS (Plant Design Management System)

C) AUTOPLANT
D) AUTOFLOW
£) CAEPIPE (For Stress analysis of Piping)

Other similar softwares available are
"INTERGRAPH", "TATA CAPE" for PIPING & PLANT
LAYOUTS; "CAESAR 11", "TRIFLEX' from AAA
technology for stress analysis of Piping.

3.0 AUTOCAD
3.1 Introduction & Scope

Autocad is a powerful drawing tool
replacing a drafting board. For Piping
applications, Autocad is used for preparing
Piping plans, Equipment layouts, Piping
and Instrumentation Diagrams (P&ID’s),
Plot Plans, Equipment layouts, Piping
layouts, Isometrics, Piping Support
drawings.

3.2 Overview

Autocad provides a set of entities, that is

T.S. Bhatia, Engineering, Manager (Piping)

D Davy Powergas (India) Ltd.,
| 3VY Power gas House, P.O. Box 9789,177, Vidyanagari Marg,
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