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USING FINITE ELEMENT ANALYZING FOR CALCULATION OF
STRESS-STRAIN CONDITIONS OF WEDGE GATE VALVESBODIES

V.N. Syzrantsev*, K.V. Syzrantseva*, A.V. Beloborodov*

Summary: Authors considered the possibility of FEA application realized in
software ANSYS for durability estimation of parts of wedge gate valve. Use of ANSYS
allows to carry out the SSC analysis, taking into account the features of detail
geometry entirely, and to realize the combined interdisciplinary analysis. This fact
allows to refuse a strength margin increased by a factor of three, provided in
analytical method, and to design more optimal construction.

1. Introduction

Strength andyss is used for examination of vaves pats drength. In generd case in andyss
dress vdues and magin of sofely are determined in pats maerid by usng daa of force
cdculaion (Gurevich, 1964).

Loads recaived by vaves pats can be divide into basc loads and additiond loads Basc loads
ae loads crested by environment pressure and loads gopearing in process of manipulaion of
vaves. Additiond loads are loads gopearing & assambling and in process of operating of vaves
(influence of fluctuation in temperature, water hammers and others) (Gurevich, 1964).

The fact is generdly accepted that dl festures of operaing of vave can not be consdered.
Therefore vaves ae cdculated taken into congderation only badc loads. At the same time
dresses gopearing because of additiond loads ae overlgoped by desgned magin of safety
(Gurevich, 1964).

With evolution of computer techniques software redizing numericd methods of theory of dadtics
such as finite dement andyzing (FEA) is commonly usad for dress-dran conditions (SSC)
andydss of deals with complex geometricd shape (Syzrantsev & others, 2002). Usng of this
software is dlowed to andyze SSC of pats teken into condderation geometrica features of
integraly pats that is difficult by andytic mehods axd dso is dlowed to redize
interdisciplinay andyss The aility of usng FEA for cdculation of vadves SSC is shown in
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work (Syzrantsev & athers, 2002).

2. SSC and gtiffness calculations of gate wedge valves bodies by analytic methods

Usudly cdculation of gate wedge vaves bodies and covers is made for different dements wals,
flanges and others. However vaves bodies and covers wadls have irregular shape, therefore their
cdculations are made separately for different regions as arule (Gurevich, 1964).

Further cdculation with teken into condderation additiond factors such as joint surfaces of
different regions is made by very smplified methodic, that does not dlow to estimae influence
of different regions to each other. This method is based on following assumption: materid of
eech region of vave body is loaded only fran pressure on this region; wadls of vave on one
region have not an influence on vaue and didribution of dresses in other regions flanges,
diffening plates, regions of flutes have not an influence on durability of separated regions.

As andytic method recommends wal thickness with thrice-repeated margin of safety under
cdculated wadl thickness (Gurevich, 1964) condusion that this method is not effective or that
additiond loads has sgnificant influence to SSC has been made.

The cdculdion of vaves bodies is not limited by strength andyss. For guaranteeing of
reiability work of gate wedge vaves ther bodies must have enough rigidity to keep flgp
containment under operating environment pressure (Gurevich, 1964).

Vaves bodies and covers can be examined as irregular shgpe shdl for cdculdion of maximum
deformation. However this estimation is made very sddom because they need a lot of complex
cdculaions Therefore edimation is mede by dill more smplified method conddering the body
section on mainline flange axis as beam lying on two foots (Gurevich, 1964).

3. SSC and tiffness calculations of gate wedge valves bodies by FEA

Authors have redized andyss for two rated cases body loading by internd pressure & opened
flap and body loadng by intend pressure with force dong spinde tha providing flgp
contanment at closad flgp. Qudity of finite dement meshing has been edimated as differents
between vdues of eguvivdent dress in points of integration of dements and vaues of
equvivdent dress averaged in nodes (Crawford, 1999). Equivdent dsreses fidd cdculated by
finite dement analyzing of first and second rated cases are shown a figures 1 and 2.

In andytic methodic only uniform loading of vave body is conddered, therefore we shdl use
firda FEA rated case date with averaging of equivadent dress over cylindricd region of body and
over cylindrica region of body with region under diffening plate is for further comparing FEA
and andytic results.
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Fgure 1. Equivdent sressfidd at opened flap MPa
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Hgure 2. Equivadent dressfidd at cdlosed flagg MPa
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The concduson that basc assumption in andytic methodic about absence of influence of different
regions to each other is not true has been made dfter andlyzing ratio errors of andytic method
rellts and FEA averaging results (3,364% and 20,905% for fird and second regions of body)
with teking into consgderaion thet raio eror is 0,336% for task of long pipe under internd and
externa pressure (Birger & Panovko, 1968). Therefore usng of this methodic without correction
factors does not applicable for wal thickness determination of cast vaves with complex
geometry or giffening plates.

Summary displacement fidd in vave body cdculaed by FEA is shown on figure 3. Maximum
vaues of deformation caculated by andytic method (4,510° mm) and FEA (0017713 mm) ae
differed more than 300 times therefore comparing of these vaues does not possble However it
is obvious tha maximum vaue of deformation caculaed by FEA is dosr to redity thet is
confirmed during acceptance and longevity testing of wedge gae vaves. Thearefore usng of
andytic method for gate vadves middle or large diameters with complex geometry does not

possble.
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Fgure 3. Summary displacement fidd, mm (deformations are increased at 1000 times)

The red loads operating in vaves can be deteminate with the hdp an Integrd Strran Gauges
(1SG), which regiser accumulated drains of detall surfaces (Syzrantsev, 1993). Places for gluing
of ISG can be specified on the bass of FEA cdculdion and than loads recaiving vaves in
operationa can be etablished by gauges reaction.
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4. Conclusions

Andytic method is taken no account red dressdran conditions of vaves depending on service
conditions therefore it can be used only as prdiminay esiméion in prime stages of designing
process.

As in presnt time main data about red loading of vaves often are aisent new method of SSC
cdculation based on FEA with 1SG data will dlow to edimae lifetime and safety factors of

design vaves more exactly and dso to predict remaining life of operating valves.
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