Chapter 3

Chemical Process Engineering Database

Computers have been being a major tool in specific

ical plants for over 30

¢ Syailable computer-aided
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design packages ™ we: :r.c:@ solving isolated

problems such as ;'gﬁ"qg;::i or heat-exchanger

all individual

design.

In an ac
tasks have to beyg b fna \g\i§ ce a competent and
consistent desig @st firms still rely
on slow paperwork. ngineer finishes one
task with one PaCka?;gqf  }1 put the results, has them
approved, and._ . them alone he next engineer,

who feeds thew'; inter and Rosen,

1986) . One ctor' that is clear { evident is the

volume afﬁw m %’ﬂ hﬂ'ga- in a typical
hundre i

project frem just a tems at the conceptual
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procedg design, to a few millions during project
engineering, with the constructed plant being defined
by tens of millions data items (Angus and Winter,
1985). Published data indicates that a large project,
for example, involves a million engineering man-hours

and possibly 2 million input operations and 24 million
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output or access operations during the nofmal 3-year
1ife of such a project (Waligura and Motard, 1977
quoted in Benayoune and Preece, 1987). The problem is
compounded by the fact that most of this data is

duplicated. An engineer's time spent on handling

program data is up t»a;ﬂ7 y et al., 1982; James,
j _Jecause manual data
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The sol -oblem would be

integrated data-handling

facilities. integration of
different levels The database

management system is the real solution

to this problem. computer program for

managing a § g”iata, called a

database. Thef’an. 'ﬂmcne or more files
!

and can be shargqhby many ers and many application
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In engineering design, there were three existing

commercial database models often presented:
hierarchical, network, relational. However, these
models have many weaknesses in chemical engineering

application, so that a novel object-oriented database
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mocdel has been purposed as a good medern form of

engineering database.

Fvdk

The hierarchical is the oldest approach which data

are represented as a inverted tree. Blaha,

Yamashita and Mota ented the samples of

Figure 3.2 Flteérnate hierarchical view of

the same data. ‘ 1tdlities oriented; figure

systems. =
The hlerﬂchlcal model may @e viewed as

mstrlcteﬁlﬂﬂ frﬂ-ﬂ MWW§ can only be

connected @ne parent, and wher& Cross 13.nks between
descwm ﬂﬂrﬂ?mw ﬂaﬂmaﬁtrmtlon
is efficient for processing, it is too rigid for
logical modeling and leads to redundancy. Any schema
defined in terms of this model unresponsive to changes
and difficult to map to any other model (Buhmann,

1980) .
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Blahaf]) Yamashita and Motard, tggljpresented: The
, ¢ o o/
QTN I ANTING TR
hiera:.‘bhy‘- Networks directly represent many-to-many
relationships with records and links. Figure 3.3 casts
the utility demand data into network form. The prime

flaw of this approach is undue complexity.
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Figure 3.3 _8%mfie data in metwork form.

The major g network model is the

classificatinn of entities and

d¢cting when modeling

L}

attributes, whic

11 be integrated.

different applics -;;,

-

Therefore, the netwa r‘“" not readily adaptable

to changes ___ /Ster, and semantic
\"7 Y

information [-lii 1 "‘,. terpreted when
; =

;J

modifying the global view in respons® to changes in the
g
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The relational database (RDB) asf!:éaena!:eing the
conventional and standard systems widely used in most
software development. It can be defined as a
collection of tables (called relations) and commands
for manipulating the tables. Blaha, Yamashita and

Motard, (1985) illustrated this model by Figure 3.4.
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Relations surpass hierarchies and networks for several

reasons.

Utility Relation
Utility Name

o/
50 lhgSt '
250,1b 111 /

Equipmes ’% \\\m\
Equip J’Z"IJE ﬂ‘?‘?‘ﬁ"ﬁ

Utility Unit

i 1b/hr
. hr

Quantity Relat:ﬂﬂ;gﬂ*;;x f

Utlllty K
50 1b Skde X 5000
50 1lb St _ 9000
50 1b Sted E20 { 2000
50 1lb Stea FlDl -5000
250 1h Steafn & -9000
TN URENDINT 3
Co : 28
Coolifly Water E101 25
Cooling Water € k101 = o 2
‘ . B 'ﬂ

‘l?lgure 3.4: Sample data in relat:.onal form.

On surface, commercially popular relational
database model has been widely used for engineering
applications. However, the relational database systems

have been designed in response to the needs of typical
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business applications. These systems are well equipped
to store and manipulate flat data that can be
represented as series of two dimensional tables,
accessed, and modified by high-level gquery languages

and presented in attractive forms. However, the set of

structures, operations onstrains in relational

data is limited and : v gare often not good at
modelling the i QQ data when any
structure and & * » the applications
become  more al. 1992; POET
SoftwareGmbH, o [ 2= \bok: A noting that these
same deficiencig fe " -gurid .\, other conventinal
database models, #f sfichd‘a gile | hierarchical and the

network models, Jwheit & designing an

‘a |
Dbjectedr 1ented database

powerful ﬁuu “tﬂwaﬁﬂw ;ﬁ of data and

to model @he relatlnnshlps am data. As an

B Eﬂ“ﬂﬂﬂﬁﬂﬁfﬁﬂﬁﬁ@ﬁﬂ’ﬂs P

and dbjects to provide its Blaha (1989)

is a newly

stated: OODB modeling technique encourages the kind of
evolutionary development that often occurs with complex
engineering problem. The OODB model proved to be a
valuable tool for stimulating and documenting design

discussions. The model deals with objects and



relationships. BAn object is a concept, abstraction or
thing with crisp boundaries and meaning for the problem
at hand. Purification feed pump, reactor feed
preheater, and the most recent simulation run are

objects. A group of simular objects form an object

and simulation run are

- .— descr:.bed by fields,

re and diameter.

class. Pump, heat
object ciasses.
such as cost,
Equipment and u 1 p.of figure 3.5 are
example of obj “;mas are shown in
the top of the are listed in the

bottom.

- Utility

" ‘.11ity name
cost il : -4 utility units

A

\ o/
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objects. There are three types of relationships:

association, aggregation and generalization. The model

indicates a relationship with the line between object

classes.
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g =5 Association is the most general type of
relationship. It relates two or more independent
objects. The utility consumption in figure 3.5 is an
association. Each piece of equipment consumes many

utilities. Each utility is consumed by many pieces of

equipment. Equipment and Wtility are distinct classes

that interact. ‘Lf o rcHé ' =-y consume steam and

exchangers,

distillation may have

explosion typs problems. As k. in figure 3.6, a
is a part of a

'|
¥

motor; and man hearzngs are a part

point tawﬁu
3.

Gé&hera Elzat1nn pravldes Eierarchical structure

= ARIINTHINTITETa s

mutuaBly exclusive subclasses. The triangle in figure

F a motor. Arrows

3.7 is the symbol for generalization.



3l

Motor
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speed (RPM)

efficiency

Motor-Frame ‘ N
Frame ~ Bearing
frame size materrial
material
type of en
weight
elationship.

Figure

lehi::ank

suction press
discharge press
flow rate

diameter
height

Figure 3.7: Generalization relationship.
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In this example, a piece of equipment may be a
pump or a tank. The equipment object class stores
general information. Pump and tank store specific
information. Each pump has a name, cost, weight,

suction pressure, discharge pressure and flowrate.

diaphragm pump @R glunder = Each level of a

Generalization may havs yitrary number of levels.

LY

Thus one may furth,ji;: nto centrifugal pump,
generalization _ 2t e \ ne. gpect of the same
object. An obig fists at each level
of a generaliz The equipment type
field next to triangle is the
discriminator fid alles the appropriate

subclass for each gupsTciass

For engi‘ﬁﬁ $He advantages of

object- arlente- database mﬂdel the relational

| Wi ﬁﬂtﬂﬁﬁ PTIE TAT I o

1992) .
ARSI I T <
8bjects in OODB represent real-world design
entities. They give a better feel for the mechanics of
the problem than do a set of flat tables as in RDB.
2 A more powerful data model. Object data
representation is highly flexible. It allows data to

be inheritance and polymorphic. Problems that normally
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occur in an RDB, such as normalization and unneccessary
duplication of data, do not exist.

3. Easier schema development. Generalization and
inheritance allow the schema to be better structured,

more intuitive, and capture the semantics of the

application. itions are likely to be

modified as desig better understanding
of their problem,

4 abject RDB model is value

based, which g Qﬁgxttx‘ ps between two
objects by embed 1 i ’ ‘ ji\‘\*hf{ al) wvalue in two"

or more related gue keys are often

similar entities,

defined to dish

frequently resultige 1icar,mn. The OODB

model is identity baSeS an relate two or more

objects indepeld  of the jgd, values.

Vi x4

5. Pow representation.

'l |'l'
L] .
OODB representa iﬁn of information

framework ﬂ QH ﬁtﬁﬁﬂﬁ WE] ,] ﬂqiributesm and

knowledge qPro

ammngmggnyma d

The first implementations of the database systems

srovides a uniform

for chemical process engineering can be attributed to
Tsubaki and his co-workers at Chiyoda Chemical

Engineering & Construction Co. Ltd., Japan in 1973 and
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this team had actived until about 1979. (Angus and
Winter, 1985; Benayoune and Preece, 1987).

In the late 1970's, ICI devoted considerable
attention to database technology and one project

involved a detailed examination of data use and data

flow within the companyi | fAgother project was known as
PEDB having a large mumber/; @pograms which could be

' _ﬂ .
e ﬂ Since September
Yo one

1984, a major con ) €h%s field has come from

ICI whose proda ommercialized by

ChemShare, was integrated process

design systems bulk of 15 man-

years' developme 6 man-years within

these eands

ChemShare has be; ipent —#m  dchieving
(Craft, 1985). £ER system embodied the
PEDB technolagy C .

One of \"

the Piping Dma
Because 1?113 mﬂﬂcﬁzicm, it would

be wery cult to reurgam.ze to serve the whole

W IR THEMTI NG TR B

investinents in this area was CADCenter, whose PEGS and

€ ®n the market was

and Managemen@ System (PDMS) .

CHES programs use a database approach. PEGS was a
schematic drafting system for PIDs which includes a
project engineering database to accommodate both the
data captured from the PIDs and additional alphanumeric

data. Davy McKee Ltd. (London) developed CHES as PEDB,
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it interfaced to a database manager operating on the
host computer (Angus and Winter, 1985). Similar
systems have been developed by other software vendors.
The Intergraph System from the Intergraph Corp. and the

PLANTMAN System from Quest Genesys offer similar

graphics and database gapa yries to those of PDMS and
PEGS.

Prosys TecBTEgy ILtd. ' m its database
system, Prodabag Was 1' of the first
commercial y developed for
chemical engin . : i.“-?~ as on relational
database technol .-‘39‘ - STBR, described above,
Prodabas was main : ‘ pcess design

Several =ngine companies such as

Bechtel, E. I. Exxon, Kao Corp.

(Tokyo), Mitgudk e known to be

working on PpIrQje

!I

--rk was rather emplri

However,

most of this al and done with

o~ “E““F’fﬂ”ﬁ";la?‘lﬁﬂﬂ"ﬁ”fﬁin v

were availfible in the llterature about t ese projects,

e G RTA NI T AN g

availdble database tools (Angus and Winter, 1985)

3.4 i i

Benayoune and Preece (1987) presented: The
academic contribution to the application of database

technology in chemical engineering is guite modest

Tid % dem
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compare to that of industries. Most university
research has been aimed at analyzing the design
activities involved in chemical plant design and
understanding the problems involved with handling

engineering data.

One of the first,@iyergity research projects to

be undertaken was Crpfy (Cherry, 1975 quoted

wrried out at the
F V

N . . I
ERginedging, University of

in Benayoune a

Department of

Cambridge, in g arrived at the

conclusion that WDBMS satisfied the

requirements fo , Cherry went on to

develop a new dd em but his system

was not classified/s

On the other (1980), who did his

work at Engineering,

University of -he late 1970s,

II
selected the b¥nary data model to
i 2 ¢ Y,
He divide B 5:

;e.-ort his system.

+ a projeay database tn hold approved prcject data;

* I G0 T AR

desfign activity;

« a set of catalogue databases for standard non-
project specific data.

Buchmann claimed that the layering of the database

together with his data dictionary based design

methodology reduces the complexity of handling the
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plant design data. Buchmann pursued his work at the
University of Mexico to develop a database interactive
design system.

One of the major projects addressing the

integration of CAD packages around a database system

users and consul

Blaha {18 Q\,u B0,  apply database

\ er:.ng His work

e Identify feat ieddby dp ‘engineering DBMS.

management to

included:

el for interfacing

CADRE to : Proc :; gineering application
programs.
:udy of knowledge

\7 Y
engineering i 'ﬁ , e
1

i
flowsheet, a da abase model, amalga ating the notion of

e o 4991390 BPTWEI 1) S

Patakik (1989) studled to 1nv3erstand the design

s QYR S BT I T 2

engln ring process design.

Huang (188E

preserving the

Shenoi (1989) presented the equivalence class
model which is implemented within the object-oriented
framework. The ability to effectively deal with
imprecision and abstraction in the relational structure

is a significant feature of the present model.
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