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Abstract—This article describes the specifics of determining process and force parameters during lapping of
ring sealing surfaces of pipeline valve bodies on flat-lapping machines. Kinematic diagrams for the finishing

process have been developed.
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INTRODUCTION

In modern mechanical engineering, when restor-
ing or machining the sealing surfaces of pipeline valve
components, achieving high-quality characteristics
that ensure a high degree of tightness is a pressing task.
Manufacturing quality cannot be improved without
improving the finishing operations of abrasive
machining processes, one of which is abrasive lapping.
One component with a high degree of tightness of
annular sealing surfaces is the valve body of a pipeline
valve (Fig. 1) [1, 2]. Lapping on a lapping machine
must be preceded by grinding with abrasive wheels.
After grinding, the grinding wheels in the tool blocks
are replaced with lapping wheels, and sometimes, if
necessary, the entire tool mounts are replaced. The
metal layer removed by lapping is 0.002—0.03 mm.
Lapping achieves high precision of dimensions and
geometric shape (up to 0.001—0.002 mm), and surface
roughness of parts up to R, = 0.032—0.02 um.

Table 1. Composition of lapping paste

MATERIALS AND METHODS

The grinding wheels were made of chrome-tita-
nium fused alumina grades 91A—95A with a grain size
of F60 (Z 25).

The lapping pads were made of gray cast iron
SCh20 (GOST 1412—85) or steel 45 (GOST 1050—88)
with self-adhesive abrasive sheets. Sandpaper material
and grain size: roughing: 91A16-N (P80); 91A10-N
(P120); 15A16-N (P80); 15A10-N (P120); finishing:
91AM63-N (P240); 15AM63-N (P240). The paste
was made using chromium-titanium fused alumina
grade 91A (92A) or white fused alumina grade 24A
(25A). Table 1 shows the composition of the lapping
and finishing paste [1—4].

Figure 2 shows the designs of tool blocks made of
carbon and alloy steels, as well as aluminum alloys.
The blocks have brackets with sockets for mounting
tools. The brackets can be extended a certain dis-

Component name Content, % Note

‘White electrocorundum grades 24A, 25A or chrome- 50 Brand and grain size of the abrasive, as well as

titanium fused alumina grade 91A (92A) the paste’ composition, may vary depending on
the material being processed and the processing
conditions

Oleic acid GOST 7580-91 10 —

Litol-24 GOST 21250—87 15 —

Surfactant (soda ash) 10 —

Industrial oil 120A 15 —
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Fig. 1. The pipeline valve’ body.

Block
diameter

Fig. 2. Designs of tool blocks for 6 and 3 tools: (/) tool disk; (2) bracket; (3) grinding wheel or lapping wheel.

tance, allowing for the machining of parts of various To determine the process parameters for machin-
diameters. ing the annular sealing surface of a pipeline valve after

The movements of the tool blocks with tools are restoration by surfacing with a high-alloy alloy, the

shown in the diagram for machining the annular surfaces ~ grinding and lapping operations are performed. When
of parts on a vertical surface lapping machine (Fig. 4) [5]. manufacturing parts, a lapping operation is performed
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Fig. 3. Lapping lap designs: (a) design of a steel lap with
self-adhesive abrasive paper; (b) design of a cast iron lap
with lapping paste applied to it.

after the grinding operation. Let’s consider the kine-
matic diagram of the combined circular motion of the
tool block and lapping tools [1, 5, 6].

OA is the center-to-center distance between the cen-
ter of the lapping tool and the tool block (OA = R,,).

The distance AC from the center point of block
with the lapping tools positioned on it to the centerline
of the annular surface of width H is zero.

Consider the motion of tool (Fig. 5), which is sub-
ject to the following loads: the driving force P, from
the drive, acting at the lapping tool’ center point A;
and the cutting forces (resistance), which are distrib-
uted over the annular surface.

As a first approximation, we assume that these
forces are uniformly distributed over the workpiece
surface.

Let’s replace these forces with a single resultant
force R, applying it at the center of gravity “C” of
the annular surface. This force is the cutting force.

Protrusion of the lapping beyond the outer diame-
ter of machined surface of the part A is determined
based on the conditions of eliminating the “collapse”
of the edge of the outer diameter of the annular surface
D, in order to obtain stable machining accuracy.

2A=d - H.

The cutting power during abrasive finishing of
the annular surface of a workpiece is determined as
follows:

Ncut = nRresultVC5 (1)

where 7 is the number of lapping wheels or grinding
wheels in the tool block; R, is the resulting cutting
force; V, is the velocity of the point of application of
the resistive force.

Rresult = fF'clamp: (2)

where f'is the coefficient of friction between the lap-
ping tool and the workpiece surface; F,,, is the
No. 6
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Fig. 4. Diagram of lapping annular surfaces on a vertical
lapping machine: (/) spindle mandrel; (2) cast iron or steel
lap; (3) workpiece; (4) angular velocity of rotation of the
tool block y; (5) angular velocity of rotation of the lap ®,;
D,—outer diameter of the workpiece’ annular surface; D—
inner diameter of the workpiece’ annular surface; d—
diameter of the lap.

clamping force of the lapping tool against the annular
surface of the workpiece.

Based on production experience and production
data from Russian companies engaged in lapping
(abrasive finishing) technologies for flat parts, as well
as from literary sources, the lapping tool’ linear speed
V- ranges from 0.2 to 0.5 m/s for fine abrasive finish-
ing, and from 0.4 to 2 m/s for rough abrasive finishing.
The friction coefficient fbetween the abrasive tool and
the workpiece surface made of cast iron or alloy steel
varies in the range of 0.1—0.4. In this case:

New = 0fFyamVe- (3)

clamp
During abrasive finishing, the drive power Ny,
will be equal to the power N, developed by the cutting
force R, 1.€.:

Ndrive = Ncut' (4)
Ndrive = Ncut = mot(’)l = PdriveV/h (5)

where P, is the driving force from the drive; V,is the
speed of the point of application of the driving force;
M., is the torque of the machine drive motor.
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(0]

Fig. 5. Kinematic diagram of the set of circular movements of the tool block and lapping tools.

The speed V. of the point of application of the
resistance force can be determined using the theorem
on the addition of velocities in plane motion:

VC = VA - VCA = 0)1014 - 0)2AC (6)

Fig. 6. Grinding and lapping machine tool block modern-
ized design.

where ®, and m, are the angular velocities of the drive
motor and the lapping tool, respectively, which deter-
mine the rotational motion of the tool block with the
lapping tools (rad/s).

Since AC = 0, then V= m,0A.

Substituting relation (6) for determining V. into
formula (3), we obtain:

Ncut = nfE:lamp((DIOA)' (7)

Angular velocities of the drive motor ®; and the
lapping machine @,, if the central (sun) wheel of the
grinding and lapping machine (Fig. 6) is stationary or
rotating, are determined as follows:

21h 21,
(01 = bl § ; = n/z
60 60
where n, and n, are the rotational speeds of the drive
motor and lapping tool, respectively, and i is the gear
ratio.

; )

i==

D

where d and D are the diameter of the gear rotating the
sun wheel and the sun wheel’ diameter, respectively.

5
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(b)

Fig. 7. Schemes of processing by the periphery and end of abrasive tools.

The linear speeds of the drive motor V|, and the lap-
ping tool V, (m/min) are determined by the relation-
ships:

_ TDyny

V= .
1000 " °

1

In the linear speed relationships, Dy, is the tool
block’ diameter, and r is the lapping tool radius.

The cutting force and power magnitude are of great
importance for ensuring the efficiency of finishing
operations when machining parts on grinding and lap-
ping tools. Resulting cutting force on the grinding
wheel and lapping tool R, as in turning, can be decom-
posed into P, (tangential), Py (radial), and Py (axial
(feed) components (Fig. 7).

Resulting cutting force is then determined as fol-

lows [3, 5]:
R=+\P} +P}+P.

By measuring the tangential component P with a
dynamometer, the empirical equations were found for
both calculating the expended power N, and the tan-
gential component P, for flat grinding or lapping
applications. When micro-cutting with a large number
of abrasive grains at negative rake angles and removing
very thin chips, the radial component Py increases
sharply, exceeding the tangential component Py by 2—
3 times. The magnitude of the tangential component
of the force can be determined from the power V.:

1000,
Pp=——=t, 9
2= )

where V,,, is the wheel or lapping speed; N, is the
expended power.
STEEL IN TRANSLATION  Vol. 56
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The power expended during grinding with the end
face of a wheel or lapping is determined by the follow-
ing empirical relationship:

N, =CWV't"H?, (10)
where Cy, Y, X, Z are coefficients and exponents

depending on the finishing conditions; H is the work-
piece’ surface width.

Tangential component of the cutting force P,
during grinding with the end face of a wheel or lapping
is usually small and amounts to approximately 200—
500 N due to the small amount of stock being
removed. During high-speed and high-power grind-
ing, the expended power is quite high and reaches sev-
eral or even tens of kilowatts due to the high cutting
speed. Therefore, due to the high-power consumption
of grinding, the specific energy consumption per unit
of stock removal is approximately 10 times higher than
with blade machining. The axial component Py is usu-
ally not calculated due to its small value (Py < Py),
which is explained by the small plan angles of the cut-
ting grains of the wheel [1, 5, 6].

CONCLUSIONS

The developed kinematic diagram for the abrasive
finishing process of pipeline valve body sealing sur-
faces enabled for the first time the development of a
method for calculating the operating parameters of
annular sealing surfaces on a vertical surface finishing
machine with a unique tool block design, which can be
used for both grinding and lapping operations. These
experiments conducted allow us to calculate the oper-
ating parameters of process operations and achieve the
desired surface roughness on the machine when
machining valve body sealing surfaces for parts made
of various materials.
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