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PROCESS CENTERLESS RECESS GRINDING

Andrej MALIK, Augustin GOROG

Abstract

The article deals with special centerless grindusing various methods, particularly the
centerless grinding recess methods. The resultsealsuring the surface roughness of frontal
and cylindrical areas of a workpiece, as well as thundness of the cylindrical surface of the
workpiece are presented in the paper. Qualitatiseameters of the machined surfaces are
supplemented by the course of the grinding procdéss.change in the shape of the workpiece
in the process of grinding causes also the charfgeosition of the workpiece in the work
zone.
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I ntroduction

The principle of each method of grinding is withded of material by abrasive grain.
Abrasive grain is a cutting wedge with random getoynand orientation. When grinding, the
workpiece material is removed by a hard flint gnmgowheel at high cutting rates. [1]

Centerless grinding is used for grinding smoothinclyical components, which are
inserted between two discs. One of them is a grondiheel and the other a regulating wheel.
Workpiece rotates at a peripheral speed of theingtaegulating wheel.

Centerlessradial grinding (Recess)

Recess grinding is used for machine parts that hareress, shaped or conical surfaces,
or, where appropriate, more coaxial cylindricalfaces without centres. Workpieces are
inserted into the backstop between the grindingragdlating wheels, the axes of which are
parallel [1].
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Specific features of centerless recess grinding

Specific features of centerless grinding reces$oatkare:
1. Movement (feed) of one of the discs in the radiedaion of grinding. At the end of this
movement (feed), the workpiece receives the fimakdsion;
Axis of the wheels are parallel with the surfacehaf leading slide;
Smooth procedure, since there is no axial movewiaihe workpiece.

w N

However, in the real procedure, the regulating wi@ens a minute angle (0.5 °) with
the surface of the leading slide. This arrangemehigch is typical for this method, is here to
prevent the workpiece from oscillating in the axditection. The inclined axis of the
regulating wheel is pressed against the front efdilece backstop.

Wheels are converging either manually or automiyicln this method, we can grind
the parts of various shapes to a certain lengthane H, where fax is the maximum length
of the piece of ground. Workpieces are insertedrambved manually or by using tanks.

Grinding process is usually carried out with a acef of the workpiece pressed to surface
of the leading slide and regulating wheel. The deanf the shape of the workpiece in
grinding leads to the change of the location of thorkpiece in the work zone.

Recess grinding process

In Fig. 1 is a scheme of instant positioning thekpeece during a single revolution when
in-feed grinding.

original position of the axis
of the workpiece

don dew-1/4t dopt
» 1 < » 2 < »

axis of the workpiece

Fig. 1 Scheme of instant positioning of the workpiecennih-feed grinding
a — starting the process; b — intermediate positibithe workpiece; ¢ — position after one
revolution of the workpiece; 1 — grinding wheek-2egulating wheel; 3 — leading slide. [2]

[y

The tool path feed rate is marked t.

If allowance is taken with certain parts of thefsce, the workpiece decreases and is
shifted to the regulating wheel Fig. 1 b).

Thus, the workpiece does not have a correct cytatrshape after one revolution,
because the depth of grinding over the turn varfesreceive the workpiece of a precise
circular shape, it must be kept rotating withotedal feed.

When grinding, the geometrical axis of the workpigmsition is constantly changing
while remaining parallel to its initial positiond=il c).
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Fig. 2 The ratio of diameters of the workpiece before after grinding [2]

Dok — grinding wheel diameter, ;R — regulating wheel diameterg,d- workpiece diameter
before, @y, - workpiece diameter after, h — height of the vpieke axis connecting the
wheels centers,pa- half of a chord limited by an intersection libetween the centers of
wheels with the outer surface of the workpieag— center displacement of the workpiece
axis X,A; — center displacement the workpiece axis Z.
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The system of equations (2), (3), (4) must be sbwi regard to gl Ax ,Az. In a special
case whemp = 0, h = 0, the system takes the following shape:

T p
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When substituting the expression fior in equation (6) in equations (5) and (7), and take
them to the power of two, we get:

(Goscdon _ ) EEE ) _(dua—ﬂdua.a)z; (8.1)

-
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After further adjustments, we will have a systenegfiations (8) in the form:
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When omitting the memberBs.x + @b g Dyp.i + dox in the system (9) , which do not
affect the required accuracy of calculation, fraqua&tions (3) and (9) we get:

dab.ﬂ = dﬂb —t; (10)
A= (11)
= (12)

It is evident that dependences (10), (11), (12)vatal for the addition of the removal of
any thickness, however only with the differencet thariablent will be substituted fort,
wheren is the number of revolutions of the workpiece witlthe period of removing the
allowance.

The property of centre workpiece displacement keriainto account when setting the
grinders. It should be noted that with increadinglifferenced,, - o IS also growing fast.
Line heighth can be determined from the geometrical relatigrsshi

Similarly, this applies to centerless grinding-tigh manner, yet the nature of the
workpiece movement is much more complex. Workpisamtated and thus its axis stops to
be parallel with its original position.

These movements in the piece-through grinding tea@ducing the workpiece diameter
approximately by variablg which was previously set up in the grinding maehiwith the
same setup in center grinding, the workpiece diamebuld decrease Rt

In centerless grinding, the variable-throudgh - dop o is usually called theepth of cutA
double depth of cut for grinding center is indickterespectivel\2t.

To avoid misunderstanding, varialbjevhich can only be regarded an instantaneous depth
of cut will called allowance of angle [2].

Change profile and qualitative parameter s surfaces workpieces

To determine the impact of in-feed centerless gnidon a circular profile and the
parameters of the surface (roundness and surfagghmess), we carried out a series of
experiments within which the parts shown in Figw&re manufactured. Components were
made of ST 37 - 2K. Their diameter was @ 9-3gdiameter of semi-product before grinding
210.04°%®). Grinding was made on MULTIMAT 208 machine whilsing the grinding wheel
400x30x203 99BA/96A 60N7V (STROH flat diamond), wéging wheel 300x30x127
A120RL152R7 and leading slide was straight. Grigdmachine working time was 9.8 sec.
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a) b)
Fig. 3 Workpiece a) before and b) after grinding

Fig. 4 shows the round profile section measuredfeelected part before grinding. Below
the picture, specific parameters of measured rguofile and surface roughness are listed.

For comparison, Fig. 5 shows one of the measuredilgg after grinding and the
measured parameters.

Fig. 4 Profile before grinding
AZ 6.34um; P 3.28um; V 3.05um; RO3um
Roughness before grinding: Ra 1.59um; Rz 8.99uni,. ®Kum

Fig. 5 Profile after grinding
AZ 5.25um; P 2.50pum; V 2.74pmg 8 79um
Roughness after grinding: Ra 0.55um; Rz 4.37un).R@um
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Both displayed profiles (Figs. 4, 5) have represgon parameters — the parameter values
are the closest to the average values. Roundrd&$svas reduced by grinding in average by
17%, while the part in the region of moun® (vas reduced by 24% and the depressidfis (
by 10%. Radial wheel run-ouR{) was reduced in average by 17%. All the surfacghoess
parameters observed were reduced significantlyefeifit parameters of 51 to 65%).

Conclusion

The experiments proved that the centerless plumigeligg improves the parameters of
circular profile and surface roughness. Howevesrdlare cases where grinding can worsen a
qualitative parameter. It concerns particularlyaaourate mutual positioning of the workpiece
surfaces. For example, in a way-through centedessling of outer surfaces (especially with
a small of length/diameter ratio of a componeast, ing-shaped components) nonuprightness
of the cylindrical surface of the workpiece regaglits face can be a bit bigger. This will not
happen with plunge grinding.

All the methods of centerless grinding may causg tiine outer (grinding) surfaces and the
inner surfaces of the workpiece are not exactiglignment. Coaxiality of surfacés changed
by pass-through grinding along the length of thekpizce.

This abaxial is usually consideredamdom deviationin fact, this phenomenon is caused
by specific features of centerless grinding andai be affected. If the grinder is properly
adjusted, a larger amount of appliance is usedthadoptimum allowance of grinding is
retained, it is possible to achieve the accuradynéoextent of the prescribed tolerances after
grinding.
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