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ANALYSIS OF METHODS OF RECEIVING SPHERICAL SURFACE S OF DETAILS
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Typical parts with spherical surfaces, defined regments for precision and quality, applicable to
spherical surfaces, comparative analysis of methafdsutting of spherical surfaces, the proposedhmetof
milling of spherical surfaces at high cutting speed

Introduction. Currently, machine-building industry produces agéarange of parts with spherical
surfaces. Such parts include ball finger car, publydraulic valve, ferrule, tube ball valve, seginkall valve,
spherical plain bearing, ball plug, ball lever,deatc.

Have parts like ball pin, the tip tube ball valsegment ball valve, spherical plain bearing, thes lis
focused on the requirements for precision and tusiiherical surface. And the parts such as tHecbakr and
ball handle the requirements for aesthetic andrerguic design of a spherical surface.

Analysis of methods of producing parts with spherial surfaces.ln modern engineering with the goal
of achieving high production efficiency and redgrthe cost of manufacturing parts it is advisableeduce the
proportion of mechanical processing for improvihg fprecision of the workpieces. In this regard, ube of
rental as blanks for the manufacture of parts wjgtherical surfaces is only appropriate in a sipgtaluction
when the cost of rough machining, not comparabth thie purchase of special equipment, dies or molds

When the serial production of parts with sphergaifaces, it is advisable to use a billet obtaibgd
casting, plastic deformation and powder metallufigyese methods allow to obtain the billet with shepe and
size closest to the finished part. Depending oncahality requirements and the accuracy of the betdter
receiving blanks these methods can produce medigniacessing.

For use as a method of obtaining the workpiecé®fchasting the part material must have certainipalys
and mechanical properties. Casting can be hargestity spatial forms, in particular billets with spical
surfaces.

For example in [1] the method of producing blansstfibes ball valve based upon receipt of a print i
the mold on the model. The casting has the shapebadl, gently rolling in a truncated cone, thepepbase of
which is the basis of profit. After crystallizatiotme profit dub.
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Fig. 1 — Mold for casting billet, tube ball valve

A method of manufacturing a spherical workpieceetbhll valve, schematically shown in figure 1, $s a
follows. Made a mold consisting of the followingeslents: 3 lower mold halves (for forming the lower
hemisphere), the upper mold halves 4 (for formhmg upper hemisphere) and the casting core 2 theseid for
forming the holes of the main passage of the t&oe.the manufacture of semi-molds 3 and 4 of thekflare
installed on the model plate, the molding is fillwdh the mixture and seal it. After curing the aiolg sand of
the mold halves is removed model. Received in pr&imprint corresponds with the future geometrythef
casting, the axle tubes are "flooded" inside tHeesp at the location of technological profits.

Casting rod 2 is produced by filling of the corexlibe core mixture with the subsequent consolidgatio
and curing, then the rod corresponding to the dianaf the hole size of the main passage is exdaftbm the
box.
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Before assembly form on all formative elementsalayer of nonstick paint, shape collect. At thédrm
floor set refrigerator 7, Gating-feeding system &mrefractory articles, the terminal 2 is plagedhie plane of
the fret forms at the parting line.

The finished form through the feeding gate systerfilled with molten metal the required grade. The
resulting casting has the shape of a ball, geotling in a truncated cone, the upper base of widche basis of
profit.

After completion of the crystallization processtbé casting 1 is removed from the mold, remove the
Gating system 5 and 6 profit, produce a stump &edcteanup of the castings. In the end, to reli@sidual
thermal stress heat-treated castings obtained.

For the production of large workpieces sphericdletit is advisable to use a molten-welded method
consisting of two stages: obtaining of castingypé "Hemisphere" and their subsequent Assemblhyddding.

For reducing metal casting can be manufactured wttrnal devastation (hollow), while dependingtba size
of the operating pressure during operation of tak \alve can be manufactured in the cavity of ¢asting of
one or more ribs.

The use of the method of manufacturing a sphevicekpiece tube ball valve allows to obtain blaoks
spherical tubes with high quality precision andhhigilization rate of metal, while the strength pedties of the
obtained billet is comparable to wrought iron.

Methods for producing blanks of plastic deformatiam be divided into the following:

Open forging and stamping blanks (Fig. 2). Of therkpiece obtained by these methods are charaaterize
by improved metal structure and high strength attarsstics [2].
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Fig. 2 — Transitions forming a spherical workpiedgen stamping

In the production range of components with a lasgege of sizes should be making a costly specél di
tooling.

2. The forging of hollow billets [3-6]. This methad applicable for such items as tube ball valve.
A method of producing a workpiece (Fig. 3) is thab billets, one of which is intended for the fotioa of
a layered spherical shell, and the other to runufih the passage in the sheath, placed in alignowmtto
another in two spherical volumetrico. Then the ptdular blank is crimped with a cross-longitudinaotion
of a spherical volumetric, deform the sphere ardethds close with internal entrance tube.

In the production of spherical workpieces in thiammer is quite difficult to obtain high-quality spical
surface due to the low controllability of the boang conditions changes of size parameters of pdelsismks
and the possibility of the appearance of annulidsf@and undulations in the Equatorial part of thaese. To
prevent the annular folds in the Equatorial portiointhe workpiece can be obtained from two welded
hemispheres.
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Fig. 3. The Process of stamping é&nd processingyj, obtained from the pipes:
1 — processing; 2, 3 — polimetrica; 4 — inner mahdt, 8 — chamfer; 9, 10 — groove;
11 - internal feed-through pipe 12 and an extethainfer 13 is a multilayer pipe billet

3. Cross-wedge rolling [7]. Under cross wedge mgllof the two parts of the ball type pin (Fig. Agt
billet is heated and is fed automatically untstibps at the receiving prism wedge tool. When thiming the
tool into the workpiece the groove is formed in thieldle portion of the workpiece and formoobrazajsatwo
spherical surface of the ball studs on the wedgestibn 1). Further formoobrazovanija cylindricaiface of the
ball stud, and then by parallel rolling formoobreanija the conical surface of the ball stud (plptl2 the
second transition, which is formed as a diamet@h@se). In the final stage (phase 4) separateddbte end of
the cutting knives, and then the workpiece alomgGentral groove is divided into two forgings wéttknife.
Blanks obtained by this method, and workpiece olethiby forging provide an improved structure ofahand
high strength properties, also the accuracy oflitametral dimensions of the billet is within £0.2m
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Fig. 4. Stages of cross-wedge rolling
Powder metallurgy allows to obtain products of eas forms and purposes. In this method, in most
cases, the utilization is about 100%. Typical tedbgy of preparation production of goods by powder
metallurgy method includes the following operatiorsceiving source material powder, molding of kk&n

sintering.
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One of the varieties of powder metallurgy is cutlyeBD printing on special installations. The diface
of this method is that the material is sinteredheitt step molding and extrusion billet. The shapafighe
workpiece is carried out by applying substancethéosurface of the Elevator, and sintered undeatten of
the laser beam in the solid layer correspondirthegarameters of the model and determining it for

Spherical surfaces can be obtained by cutting. d¥auation of the methods of machining spherical
surfaces showed [8-11] that:

— processing of specialized instruments, sucht@sgs, pipe cutter can result in the rejectiorhaf shape
of the surface in case it is not the tool manufaetuand they have little versatility;

— treatment of non-core tool, for example a contadter, does not always give the required accudaey
to the discontinuity of the motion of the CNC mawhilack of rigidity copying machines and rotamtdires;

— when processing tools on the site approximatkddongitudinal axis of the workpiece is formecdtpa
high roughness due to the phenomenon of built-ge elliring the machining process as the cuttingdsptats
to increase from zero value at the axis of the piate;

— devoid of these shortcomings, methods of treatmsimg a combination of head and special cutter in
which the accuracy of formation of the sphericafate is determined by the accuracy of the trajgotd the
workpiece and the tool, i.e. the kinematics ofphecess. From this we can conclude that to imptbeequality
and accuracy of obtaining spherical surfaces userthst cutting method, comprising cutting edge ainidsive
processing.

From this we can conclude that to improve the dquadind accuracy of a spherical surfaces, it is
preferable to use a cutting method, comprisingrogigtdge and abrasive processing.

The use of the blade processing provides high peence, exception sergiovanni abrasive grains, the
chemical saturation of the surfaces of various tsuittes and other side defects. For these purpéses,
increasingly used milling at cutting speeds comipiaréo the speed of the abrasive treatment, thealied high-
speed milling.

The Department of technology and equipment of nmechuilding production developed method of
processing the partial spherical surfaces. Thersehef processing of spherical surfaces by way eofdag
high-speed milling is presented in figure 2. Irstiiay of handling the tool reported rotational motwith a
rotational speed ;n After the installation movement of the work pigecethe working position, in which the
cutting blades in the tool, the work piece is ré@drotational movement around its own axis with tbtation
speed p

Fig. 5. The scheme of processing of the spherigdhse by means of high-speed milling:
1 — cutting tool; 2 — the workpiecej A rotational speed of the tool; A rotational speed of the workpiece;
Dcd — diam spherical surface, H — height of the splaésurface; D — diameter of cutter setting;
B — the angle of the axis of rotation of the workgie

Conclusions.Studies of this method of cutting has shown thatphhevides increased productivity by 3-4

times compared to turning on CNC machines and B@gicompared with slizyvanie. The roughness of the
processed spherical surface is 1.6 um and the gdgonmderance does not exceed +0.01 mm.
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