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ty=2mq=2m, ol 3854mx0w©gds dbmwmE 03 dgdmbgzgzsdo, MmEs
2sina-cosa=0, 9.0. HMEILS
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Mechanical Engineering

Using a spherical seven-link mechanism in a device for cutting
the lubrication grooves at a spherical surface
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A device for processing the curvilinear grooves on a spherical surface is designed with
builder mechanism made in the form of a spherical seven-link articulated mechanism
with two degrees of freedom, in the output connecting rod of which a tool head is
mounted with a multi-tooth cutting tool, rotating at a cutting speed around its axis passing
in the center of the processed sphere, and describing the given locked trajectory with a
feed rate at a rigidly fixed, processed spherical surface. The device allows to increase
the maneuverability of the cutting tool relatively to the processed spherical surface. The
dimensions of the links of the mechanism are determined, which allow the input links to

obtain full rotation relatively to the stand.
Keywords: crank, rocker, groove, connecting rod, articulated mechanism.

Ball joints of the mating spherical surfaces are widely used in machine-
building technology. These joints often fail during operation of heavily loaded
machines. Different methods are used to improve the performance, reliability
and durability of such joints.

Based on the results obtained in the design of the spherical seven-link, the
way for processing lubrication grooves on the spherical surface and devices for its
implementation were developed.

Figure 1 shows a scheme of the device for cutting the locked lubrication
grooves on the spherical surfaces.

The device works as follows (Fig. 2). The workpiece 17 is rigidly fixed to the
body 15 with the help of the bracket 18. From the engine 1 through the gearbox
2 and the chain drive 3, the rotation is transmitted to the shaft 4, from which in
its turn the rotation is transmitted to the driving crank 5, the change bevel gear
box 6 and the shaft 7 with a driving crank 8. Motion from the cranks 5 and 8,
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through the intermediate connecting rods 9 and 10, is transmitted to the outlet
connecting rod 11, which together with a tool head 12 and multi-toothed cutting
tool 13 describes the given trajectory at the surface of the processed sphere 17.
The tool head does rotary motion around its axis from a separate drive at a cutting
speed. The feed movement to the depth of the groove is carried out by means of
the radial movement mechanism of the tool head 16. The gear box 2 makes it
possible to regulate the feed rate of the cutting tool 13 to the processed spherical
surface.

The shape of the cut groove depends on the initial phase angles, the gear
ratio, the direction of rotation of the input cranks, the location of the location of
the centers of rotation of the rocker and the lengths of the links of the spherical
seven-link articulated mechanism. For example, for grooving in the shape of
eights, the input cranks 5 and 8 and the intermediate connecting rods 9 and 10
in pairs should be the same length, for example, 38° and 90°, and the length of
the output connecting rod 11 and the rocker 14 are taken from the condition
for the existence of a two-crank mechanism, for example, the length of the
output connecting rod is 105°, and the length of the rocker is 90°. The tool head
is installed on the output connecting rod, for example, 30° from the end of the
intermediate connecting rods, while the rocker is on the shaft of the input crank
8. The angle between the drive cranks is 140°. The initial angles of the cranks are
equal to 0 degrees, the gear ratio between the cranks is +1, that is, they rotate in
the same direction.

In case of the necessity of cutting various locked grooves on the spherical
surfaces, it is necessary first to make recalculations of the lengths of the links of
the seven-link spherical mechanism, to select the starting angles, the gear ratio,
the direction of rotation of the input cranks and to identify the location of the
center of rotation of the rocker. To change the angle between the shafts, the
gear ratio, the direction of rotation of the input cranks and the location of the
center of rotation of the rocker, in the body 15, there are provided the sockets
corresponding to this angle for mounting the drive shafts 4 and 7, the shafts of
the replaceable change gear box 6 and the rocker 14. To change the phase angle,
let us break the chain of the replaceable change gear box between the cranks,
install the cranks with the corresponding initial angles, and lock the kinematic
chain again with the desired intermediate number and direction of rotation of
the input cranks. The latter is governed by the number of the replaceable change
gear boxes.

Based on the proposed scheme (Fig. 1), the device for cutting the locked
lubrication grooves on the spherical surfaces is manufactured, in order to increase
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their service life.

The problem of designing this mechanism also involves confirming the
obtained dimensions of the links, that is to say, it should be established whether
the results of the synthesis allow the input links to obtain full rotation relatively
to the stand.

To solve this problem, using the obtained values, it was necessary to install
a tool head with a cutting tool that describes a spherical lemniscate according at
the surface of the sphere, on the output connecting rod of the mechanism at an
angle of 30° from point C (Fig. 2). In addition, the following parameters of the
mechanism were additionally used: the dimensions of the 1nput links 2 and 5:

27 '5.38°,"37 490", gear ratio between the input links: 52 ~ =*1 that is.
P=1, g=1, and the initial positions of the input links o 8 O, the coordinates of the
point M: U,=1 =140"and V=0, the radius of the sphere: p=0,35m.

Figure 2 shows a spherical seven-link articulated mechanism ABCDEF,
the point Q of the connecting rod will describe on the surface of the sphere a
connecting rod wing - a lemniscate.

The variable distance 1 in this case is determined from the expression: Figure
2 shows a spherical seven-link hinge mechanism ABCDEF, the point Q of the
connecting rod will describe the connecting rod - lemniscate at the surface of
the sphere.

The variable distance 1 in this case is determined from the expression:

I = arccosl cosil + sin®a-sin®ly- (1 —cosly)] (1)

To find the Value of %, which give the experimental values of the distance, it
is necessary that / da = 0. After some transformations, the expression (1) will
take the following form:

2sina- cosa - sinl, (1 —cosl,) = 0 (2)

Thus, the dimensions of links 1, 2, 3, 4, 5, as well as the parameters
g =Fo =0, is2 =+1 of the seven-link spherical mechanism ABCDE allow
input links 2 and 5 to be the cranks.
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