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ESTABLISHING PARAMETERS THAT INFLUENCE
THE LENGTH AND SHAPE OF THE ABRASIVE GRAIN PATH
AT TRAVERSE SUPERFINISHING
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Abstract. The paper presents the parameters that influercéetiyth and shape of the abrasive grain pathaatrse

superfinishing. Starting technological parametdrthe superfinshing process are mathematical medd¢he equations
which show the trajectory of to the abrasive gminthe workpiece surface during the superfinishimachining for

two types of the reciprocationg motions of the tegstem:on with low frequency for roughing andestkvith high

frequency for finishing. The final equations of theain trajectory are dependent of the machiningapeters and
constructive characteristics of abrasive tool.
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1. Introduction 2. Factorsthat influence the abrasive grain
The process of superfinishing, as it's also path on the wor kpiece surface
known, is finding wider application in During the process of superfinishing in

metalworking. Demands for better performance in many cases the length of the workpieces is bigger
rotating components coupled with tighter than those of the abrasive stone. For this redssn t
manufacturing tolerances is leading shops to look abrasive stone must add a movement of feeding
at superfinishing as a final process step to aehiev along the workpiece axis with the spegdo cover
low and sub-micron finishes on ground parts. the entire length of the part surface. This
Grinding, even with fine abrasive grit,, movement is achieves by the feed mechanism of
leaves what are essentially machining marks on the the lathe where the superfinish attachment is
surface of the workpiece.These marks take the placed (figure 1).
form of peaks and valleys that are very small and
generally require a microscope to see. However,
they can affect how well the part performs [1].
Superfinishing removes the peaks on the
workpiece leaving a more stable microsurface.
Different abrasive pattern, grits and oscillation
rates enable the shop to impart cross hatch pattern
for lubrication retention and other patterns, as
specifications require. Workpieces including
transmission shafts, axles, bearing races and other
wear applications will usually see an extended life
cycle from the use of superfinishing [4, 5].
Finding the equations of the abrsive grain Figure 1. The movements of the abrasive stoneland t
path is important for the shape of cross hatch part during superfinishing
pattern leaves by the tool on the workpiece surface
First, it is establish the length of the abrsive In figure 1, abrasive stone dimensions lare

grain path at traverse superfinishing accordingpwit B, H, a is the amplitude of reciprocating
some process parameters. movement,\, is the axial feed of abrasive stone

[m/min], and the rotation speed of the workpiece is
n[rpm].
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_ RefefrringI tho figlrjlre 2,I the radirl:s Ch)M of a X = R3in(k )
point M of tool has the values on the three axes _
given by the equations [2]: Y =Ricodk () )
X =RI3in6 Z=klu
Y = R[¢0sO (1)
Z =\o o
where R is the workpiece radiug] is the angle
turned through by OM in timg
0=wlt (2)
wherew being the angular velocity.
f}’
__? Figure 3. The abrasive grit path on the workpiece
— surface
d ey
S oMzl T\ .
[TV ey - T The components of the speed of point M
AR AP I s will be:
O IR T V, = wR ok, 1)
| .'l.:-'-'\}\ / 1 Voo X~ 1
\| / N, '| / Vy = —wRSin(k ) (8)
" N — Vz =Vo
AN At one rotation of workpiece the time is:
Figure 2. The motion of a point M of tool on the _ 06 _2n 9
workpiece surface t "o ©)

o ) ) and the displacement of an abrasive grit on thge axi
Taking into account equation (2), relations o, during one rotation of workpiece is:
(1) become:

1]
X = Rsin(wt) s=voEt=vOB28:2nEk (10)
Y = Ri¢oqwt) 3) R
7 =i wherek = — .
=V w
The velocity of the point M is given by the The inclination angle of the abrasive grit
equation: path is given by the equation:
Y
V= V2 2+ (4) toy="" (11)
The components of the velocity of point M and t
are: v =wR (12)
Vx = wRLE0KD being the tangential speed of the point M.
Vy =-w[RI[sin6 (5) The length of an elementary ardh (figure
V. = 3) is given by the formula:
z=Vo 5
In figure 3 is shown abrasive grit path on the _ dz 13
. \ . ds=dujj1+| — (13)
workpiece surface in the coordinate system Ouz du
[3]- _ _ In the coordinate system Ouz the point M
Starting from the formula: has the coordinate:
p=" z=alBin(k W) +vp & (14)
R (6) and
1 dz v
— =k = Yo
Rl m aRtogk )+ ” (15)

the equations (3) become:
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Taking into account equation (13) and (15),
the displacement of abrasive grit betweemandu,
will be:

2
Szﬁlz\/h[a[REd:os(kl m)+‘ﬂ du  (16)

At one rotation of the workpiece the limits
of integration will be 0 and® and the length of
the abrasive grain path will be:

2
21 Vi
s=[; \/1+[aERB:os(k1m)+Go} du (17)

From the equation (17) it can be seen that
the length of the abrasive grit path is proportiona
with the amplitude of oscillatiom and with the
axial speedv, of the abrasive stone. Increasing
these values the length of path on the workpiece
surface will be bigger and the surface finish \wél
better. But these values have their limitations
according with the reasons regarding the
evacuations of chips and the heat generate during
the process. The recommended values are from
amplitudea = 1+3 mm, and from axial speed
Vo = 3040 m/min.

3. The superfinishing process with two
r eciprocating motions of the same
amplitude and different frequency
The schematic illustration of the mechanism
that generates the movements of tool and
workpieces is shown in figure 4.
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Figure 4. Schematic illustration of the superfinishing
with two reciprocating motions

The workpiece has a rotational motion with
angular velocitym and abrasive stone has two
motions, one with the amplitude of oscillatioas
and other with the amplitud®. These motions age
generated mechanicallya;j and pneumatically
(a2). The resulting motion will have a motion of
composing these two motions. To increase the

cutting capacity the workpiece has also the feed
motion with the value,.

In figure 5 the radius OM of a tool point is
decomposed on the axes by the equations:

x = RI[3in6
y = R[€osH (18)
z=\gld+s
where
s=rBosp, +| G1-(ABing; +k)2  (19)

Figure 5. The motion of an abrasive grit on the
workpiece surface

With the equations:

b=y I
{6 =wh (20)
the equations (18) becomes:
x = R3in(w(1)
y = Rtoqw(t) (21)

z=vo [ +rcodoyT)+I \/1— [Asin(oot) + k]2
The velocity of the point M are given by the
equations:

Vie= o wRcodwr)
vy :d_r = —wRsin(wr)
22
Vv, =3—TZ:VO—RQ)lsin(wlr)— (22)
_ Awy codwyT)A sin(wyt) + K]
\/1—[)\ sin(ayT) + k]2

The module of velocity is given by the

equation:
V= V2 +V2 +V7 (23)

If is taking into account the equations:
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T=WT= 2
Wt =0 o
k :ﬂ
1= (24)
V
ky =2
27w
the equations (24) becomes:
x=R[3in6
y = R[tosH (25)

2= ky + 1 cogkg) + Iy 1- [ sin(kyT) + k]2

The length of the arch betweanandu, has
the value:

up Vi
S= [ du,/1+ -2 —Kk,sin(kau)r -
ujl u\/ i 4sin(kau)r

~ “f \/I [ sin(k,u) + k]ksA cogk,u) (20)

J1=[nsin(ku) + k]2

U

wherek, = ﬂ.
wR

To find the length of the abrasive grain path
is taking the limit of integration 0 andR.

4. Conclusions

Knowing the length of the abrasive grit path
on the workpiece surface during superfinishing
process will be easier to obtain the roghness
surface according with the requirements of the
design. Choosing the proper values of the process
parameter during superfinishing the time per
operation will be optimized.
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