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PIPELINE FITTINGS AND
COMPLEMENTARY PRODUCTS

COMPUTER TECHNOLOGY FOR VALVE AND
ACCESSORY DESIGNERS AND MANUFACTURERS

D. A. Krivopuskov

The foundation of commercial success of industrial enterprises, including those manufacturing valves and acces
sories, is constant updating of their products.

The valve and accessory development process can be considered effective only if it makes possible rapid translatio
of designer’s ideas into real products. Here comes computer technology to the aid of valve and accessory designers and m:
ufacturers as it helps minimize the preparation time for manufacture of new products.

The SolidWorks system is designed to solve most of the problems facing engineers in all stages of creation of
complex engineering articles. A flexible structure of the system, which includes an array of functional modules from sup-
porting manufacturers and a basic core of CAD (computer-aided design) program, is the SolidWorks module designed tc
create computer models of solid bodies and to produce design documents in Microsoft Windows. It helps work out opti-
mum solution to specific problems facing designers, engineers, and manufacturers, and also helps reduce cost substantia
at every operation point.

The SolidWorks-created three-dimensional model of the valve being designed, which is displayed on a monitor
screen, allows developers to determine whether it is amenable to assembly and suitable for accessing various elements
the structure, to monitor, and to show the intercrossing of the parts. This helps detect and eliminate errors right in the earl
stages of designing, promptly make necessary changes, and finally avoid attendant expenditures. This also allows calci
lation of the mass-inertia characteristics (volume, mass, surface area, moment of inertia, coordinates of the mass cente
etc.) of the parts and assemblies.

In order to check shifting (translocation) of parts in the assembly or to demonstrate the assembling process itself
the SolidWorks Animator module is used. The SolidWorks Piping module is designed to create spatial images of complicat:
ed (irregularly shaped) pipes.

The PhotoWorks module can be used to get realistic scan patterns (half-tone graphic images) of redesigned items «
valve systems (Fig. 1) and their computer models (Fig. 2).

The parametricity and the presence in the SolidWorks module of associative links between the parts significantly
simplify work: if the design of one part is changed, all the associated elements in the assembly automatically shift or ever
change their geometry. It may be possible to simplify large assemblages by replacing their complicated parts by model
roughly replicating their shape.

The tool for preparation of design documents by SolidWorks includes a wide array of devices that can help cre-
ate drawings of any complexity on the basis of the existing three-dimensional geometric models of the solid bodies. The
term “two-directional associativity” describes a very easily comprehensible situation: the models of the parts and assem
blages and the drawings based on them are fully interrelated. A drawing exactly matching the geometry of the model ca
be produced at any moment.
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Fig. 1. Valve image obtained ¥ computer siralation.

Fig. 2. Model of thelbw section of the alve.

When a pdris modeledfor instance ¥ chandng its paametes or ly adding or emaoving its elementsthe dew-
ing is updéed immedigely upon opening up of the pigrent fle. The fle for the patrwill also be updied likewise if some
dimensions @ changed in the ile for the dawing of the par. Similar opegtions ae perbrmed Dr the asseniages as ell.

The Cosmos\wks module which is degly integrated in the SolidWwrks CAE (computeaided engneeing) sys
tem, makes possile engneeing anaysis of the designs.

After the model of the pais creded in the SolidWwrks moduleit is perh@s necessgrto ansver the bllowing
guestions:

— will it fail?

— haw will it be debrmed?

— is it possibe to use a smallerlume of méerial without an aderse efect on its opettional dharacteistics?

If there ae no analsis toolsthe ansver to these questions can be obtaineg bplimplementing all the costland
time-consuming stges of the ycle (process) of deelopment of the ne atticle:

1. Constuction of a CAD model of the pain the automieed design system (ADS).

2. Constuction of a full-scale mtotype

3. Poduction tests of the ptotype

4. Appraisal of the ppduction test da.

5. Making danges in the CAD model based on theguction test da.

This piocess (gcle) is repeded until an acgeteble solution is éund The anajsis allavs the deeloper to educe
costs ly testing the model on a computether than in the cess of cosflproduction testso shoten the timeequired for
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putting the nev types of alves in the maet by reducing the umber of poduct deelopment gcles,and to optimie the
design ly quickly simulating several versions bedre taking theihal decision andyhaving a longer time br their gopraisal.

The finite-element methqdvhich regards a compbe problem as being comyzed of seeral simple poblems,is the
foundaion of ary engneeing anaysis. In this methadhe computer model of the par of the assentéige is boken up
into individual geometic primitives,i.e., into finite elements in theofm of a netwrk. The elements k@ common points
termed nodes.The behsior of these elements isalv known in ary probable scenap involving use of suppts and apli-
cdion of loads. The maement of ap node is fuly descibed by motions (shifts) in thee diections (dgrees of feedom).

The Cosmos\tks module composes edigs thda govem the behaior of ead element and thdake account of
its link with other elementsThese equ#ons corelae the shifts and the knm propeties of the meerials, limitations,and
loads. Thereafter the pogram ceaes,on the basis of these edjoas, a lage system of alghraic equéions. This cucial
program detects the shifts in the @ition of the agsX, Y, andZ at ead node Using shiftsthe pogram calculées the loads
(stresses) opeting in different diections as il as the caesponding s#ins.

Sud elements as shellsrmed ly triangles andectanglesdr thin-walled sheet gicles,tetraheda for three-dimen
sional solid bodiesand \arious linear elementsncluding beamsflexible braces,spiings, etc, are maintained (supptad).
The density (nmber of elements) of the neiv« can be banged for the model as ahwole or localy for speciic points.

The functional potentials of the CosmasWs module encompass $utypes of angkis of pats and assentdiges
as anajlsis of stessesstrains (debrmations),shifts,themal stessgetc; frequeng anaysis (by the nomal wave method) and
anaysis of longtudinal flexure; anaysis of heaiexchang (conductioncorvection,and edigion); p- and h-adative anay-
sis; anaJsis of the contacts in the assdagles with fiction and lage shifts,tension or shinkage fitting, resistance of the
themal contactloads (gavitational, centifugal, torsional,distancesuppoting, and with igid connection)resonance (inher
ent) frequenciesnponlinear stic and gnamic stesses; ynamic anajsis of the esponse of the supgpand so on.

In developing a ne valve systemgespecialf contiol valves, hydraulic tests of their opating (cutof-throttling
medanisms) deéices ae perbrmed to detenine the caified value of the coditient of maxinum flow cgacity K,,, for
which a pototype of the dicle has to be maderhe CAE module Flo\wtks can be used to deteine this codicient right
in the ealy stage by computer simlation of the fow section of the alve (Fg. 2).

The CosmosMotion module can be used tausita the opeation of the mehbanisms of thealve as a visual pto-
type This consideably shotens the prduction time and the designogess i reducing cosyl repetitive design altetion
opewtions. The calculéed loads (@rces) of motion a autom#cally transmitted to the Cosmo®i¥s module ér further
anaysis.

The esults of all angises ag pesented in a suitée form (graphs,tables, diagrams,lists, etc). The results of the
stressed-stined stee of the alve bod/ loaded with gcess intanal pressue, as in eal hydraulic stength testsare pesent
ed in an intuitrely compehensikte coloed gaphical form, which males their intepretaion easierand can be sk in an
animaed form.

Casting is widet used br making pats of valves and accesses: bodies,flanges,covers, handvheels of manal
douling madines and dves,etc All these pats have compl& spdial shapes and can be qiuced onf by casting fom
valious steels and als.

Casting pocess is éicient and ingpensve. At the same timgor cast pas, the darmcterstic feaures ae reduced
strength,differing medanical popeties in diferent sections of the cast paitendenyg for flaw and stess brmation, etc
The quality of the cast pieceminds on the casting tewlogy and design of the pat

For making pais having cavities (dhambes), sud as alve bod, casting tebnique based on fudéomodels is used
The models @& made fom easy fuside maerals (pagffin, steamn, wax, rosin, plastics,etc) by casting 83-5 MR pies
sure in a metallic prssue (injection) mold The peecision of the dimensions in this case186. The models ar joined into
blocks, coaed with a thin Iger of a efractoy maerial (quatz povder with etlyl silicate or liquid glass)and molded into
single-piece (nondetdw@ble) sand moldsywhich ae tempeed & 850-900C, as a esult of vhich the models can be with
drawn without esidues.The caities formed ae filled with metal & a nomal or 0.2—0.3 MR pressue.

For making easyl fusible modelssteel pessue molds (dies)vhich need mch labor and time to design and neak
and ae theefore costy, are required Because of thignly their mass-scale ses poduction is economicallviable.
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Fig. 3. Life g/cle of credion of cast bod of the designedalve.

High precision of dimensionst@ %) and lav surface pughness maksubsequent mhining unnecessgrin most
cases. 6r making alve bodiespnly the adjoined suaicessud as sealing suates of fanges,holes br fastenes, places of
sed mounting etc, are submitted to mdaining. The pocessesdr making castalve bod are illustrated in Hg. 3.

In addition to the &ove-desdbed methodthere is a eldively nev method br getting fusille modelsnamey, stele-
olithography. In this methodthe fusibe model is obtained on the basis of tlemety of the CAD model of the paby
layer-by-layer hadening of the liquid photopginer under the action of scanning laser beam.

A major adiantage of this method is the possibilitgrfmaking in the sheest time (1-2 dgs) an easyl fusible model
for subsequent edion alound it a metallic patby casting in sand molds without making metalliegsue molds (dies)The
method is indispenbie for meeting single (noepea) orders or when a pototype of the dicle (valve) is to be made quie
ly for full-scale tests asell as br improving the tebnical efectvenesscheding the scope of asselirty, appraisal of the
extemal look,and maket reseach & minimum cost andisk.

The cost and timeof making the matotype of the edesigned dicle can be educed as wil by gpplying the nev
technolagy of rapid constuction of metal-pgimer pessue (injection) molds dr sefes pessue (injection) molding of
fusible models fom standat plastic méeerials.

The tetinolagy consists in thedllowing. The obtained model of thequired pat in the steeolithagraphic device
is filled with a metal-paimer composite A paiting line is brmed The metal-polmer composite mold is placed in a-fur
nace br gas emoval and cuing (hadening). Futher, the mold is sparted (detabed),the fusibe model is emoved, and
the obtained m@ssue (injection) mold is submitted tinfl hed treament. After this, the injection mold isead/ for seres
molding under prssue from standat plastic méerials of the fusibe models in an indus#l-scale autontsc themosoften
ing madiine In geneal, the pocess tais on the\aerage 10 d&s ignoing the time tak&n for designing the CAD model of
the pat and br making the modelybthe steeolithagraphic method

The meits of automged designing systemsud as SolidWirks, are quite obious. Havever, even nav mary
design and mduction oganizdions contiue to use maral labor of designes and daftsmen and use compweneely for
producing dawings ¢geneally in theAutoCAD piogram of theAutodesk Compan Yet, automéaed designing mograms and
technolagies for quidk prototyping and manfactue of equipment arincreasingy becoming an obhous phenomenon among
domestic alve system designemand maafactuers. Therefore, switch to them is just a nter of time
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