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Calculating the profile of intermittent grinding
wheel for the sharpening teeth of the broach
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Abstract. The article shows that during the grinding of complex profile
blades of metal cutting tools from tool steels, unfavorable thermodynamic
conditions are created in the cutting zone and, as a result, grinding burns and
cracks occur on the surface of the polished workpiece. One of the methods
of controlling the temperature in the cutting zone at the final grinding
operations is the use of grinding wheels with a discontinuous surface. The
method of calculating the profile of the discontinuous surface of the grinding
wheel presented in the article makes it possible to determine its geometric
parameters taking into account the wear resistance of the grinding wheel and
the heat stress of the process of treatment. The results of the verification of
the proposed technique in the production conditions are given which showed
that the treatment of the teeth of the broaches with a grinding wheel with a
discontinuous profile, in comparison with the machining of broaches
according to the traditional technology, provides a higher quality of blade
surfaces, while the process productivity, compared with the factory
technology, increased by 20...26%.

1 Introduction

The high level of requirements for modern metal-cutting tools has caused a number of
problems associated with the creation of high-performance technological processes that
ensure the manufacture of tools with specified quality parameters that determine their
functional suitability. The specified parameters are provided by changing the dimensions,
shape, surface roughness, physical and mechanical properties of the material being processed.

Among the metal-cutting tools the special place is occupied by the shaped cutting tool —
round and flat broaches, solid and pre-assembled worm cutters, gear shaper cutters, etc. For
their manufacture, mainly tool steels of the grades P6MS5 (Russia), T11302M2 (USA),
X82WMoCrV6-5-4 ( Germany, France), SKH51 (Japan), etc. [1-4, et al.].

In the process of grinding the metal-cutting tools of these steels with the surfaces of a
complex profile and the non-linear contact zone with the surface to be treated (for example,
broaching), unfavorable thermodynamic conditions are created in the cutting zone and, as a
result, grinding burns and cracks appear on the surface of the polished workpiece, it is not
possible to eliminate them in the subsequent finishing passages. It is difficult to detect these
defects in production conditions. Therefore, when grinding the blades of metal cutting tools,
it is necessary to select such processing modes and characteristics of the grinding wheel so
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that the temperature in the contact zone does not reach the critical temperature points of the
structural transformations. One of the methods for controlling the temperature in the cutting
zone is the use of grinding wheels with a discontinuous surface [5-8, et al.]. So the problem
of calculating the geometry of their profile becomes more urgent.

2 Materials and methods of research

According to [9-13], the time during which the temperature rises to the maximum value and
stabilizes, for high-speed steels is 0.001...0.01s. Such a time interval is commensurable with
the period of rotation of the grinding wheel. It is obvious that the grinding process will be
carried out with maximum thermal tension, if the period of thermal saturation is equal to the
period of rotation of the circle. When a circle with a discontinuous working surface is used,
the operating time of each cutting ledge will decrease in proportion to their number. The
temperature during this period, not having reached the maximum value in the interval of
passage of the depression, will decrease. If the operating time of one cutting ledge is less than
the period of thermal saturation, irrespective of the grinding scheme and the material being
processed, the intermittence of the process in all cases will ensure a decrease in the
temperature in the contact zone [7, 10, 18 et al.].

The same degree of temperature reduction can be obtained with different combinations
of lengths of the cutting ledges and cavities. This circumstance makes it possible to select the
geometric parameters of circles with a discontinuous surface, taking into account the wear
resistance of the circles and the heat stress of the process. With increasing wear of the wheel,
its performance decreases due to a reduction in cutting speed.

Calculation of the profile of a grinding wheel with a discontinuous working surface
includes the following steps:

1. Selection of characteristics and geometric dimensions of the abrasive tool. The choice
of the characteristics of the grinding wheel depends on the design and purpose of the cutting
tool, the material of its working part, the design and purpose of the grinding machine, the
grinding modes. Apply circles of electrocorundum white 24A, 25A on ceramic and bakelite
bonds with grain size F40...F30 hardness H, I, J and less often K, 7...8th structure (ceramic
bond) and J, K, L, 4...5th structure (on a bakelite bond) [14—17]. The diameter of the grinding
wheel must be consistent with the dimensions of the broach and the angle of installation of
the spindle grinding machine.

< D-sin(5—7/).

D
k sin A

(1

where D — is the diameter of the grinding wheel; D — tooth diameter of the broach; ¢ — the
angle of the spindle of the grinding machine; y — the front corner of the broach tooth.

2. Calculation of the temperature 7, in the cutting zone when grinding the teeth of the
broach with a continuous circle, determining the temperature of the onset of phase
transformations in the material of the 7. broach and the degree of temperature decrease
p:Tcr/Tmax-

The maximum cutting temperature during grinding can be defined as [17, 18]:

2.7
A-c-p

T
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where g — is the heat flux density, J/s.-m?; ¢ — specific heat of the processed material, J/(kg-K);
A — is the coefficient of thermal conductivity of the material being processed, J-K/s.-m; p —
density of the material being processed, kg/m’; T — processing time, s.
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The temperatures of the onset of phase transformations of Tcr (the temperature of the
transition of martensite to perlite, point A and the temperature of the transformation of perlite
into austenite, point Al in the iron-carbon diagram), when grinding quenched steels, vary
with the carbon content of the steel, the composition of the alloying elements, and can be
determined from [19] or calculated from the dependences [20]:

T, = A=602M{" .y Ty = Ay =730+155M % .3

where M\ — is the carbon content in the martensite, %; V> — the speed of movement of heat
source, m/min.
3. Calculation of dimensionless parameter of cutting speed u [5, 10] :

Vi|Detr
U=——". 3
by A3)
where V, — rotation speed of workpiece, m/s.; Dy —equivalent diameter, m; ¢ — depth of
microcutting, m; a — the thermal diffusivity of the workpiece material, m?/s.
For the case of grinding the teeth of the broach, the equivalent diameter is [21]

D - DD :
° Dy, sin)/—Dsin(é—y)’

and the dependence (3) takes the form

u=0.5V, - Di Dty . (4)
o’ '[Dk siny —Dsin(5— 7)]

4. Determining the coefficient value vy. The value of coefficient 1y is chosen according
to table 1 [5] from condition

12v >y

where V= licq/lcav; led — length of the protrusion on the working surface of the grinding wheel,
mm; leay — the length of the cavity on the working surface of the grinding wheel, mm. For the
method of forming a discontinuous surface /icq =lcay.

5. Determination of the Fourier criterion F0I. The Fourier criterion is determined from
the graphs (fig.1) [10, 22, 23] or according to the following dependence using the coefficients
given in table 1.

V=V

Fn =
o0 Bu

6. Calculation of the lengths of protrusions and valleys (for the chosen method of forming
the discontinuous surface of the grinding wheel they are equal) and their number

Vi-Dodaty-Foo o, oAby 5)
4a -|Dsiny —dy sin(6 - y)] Hed +cay

led =lcav =

where V; — grinding wheel rotational speed, m/s; d> — the distance from the axis to the midline
of the tooth broach, m.
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7. Determination of the depth of the depressions. To determine the depth of the depression
heav consider the dimensional chain (fig. 2. (a)), according to which:
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Fig. 1. The dependence of the criterion value from the Fourier transform of v for different
dimensionless velocities u: (a) — the degree of temperature decrease of 20% (P=0,8); (b) — degree

temperature drop 30% (P=0,7).

The value of the defect layer on the surface of the circle Ak, for the case of straightening
the abrasive wheel with diamond tools, according to [15] is related to the grain size of the

grinding wheel B, by the relation

Ah, =(0.2..0.25)B,

Hence the value of the layer removed during the editing

hgr = (O.4...0.5)Bg +AR . (7
Table 1. The coefficients for determining the Fourier criterion F01.
The coefficient of 1,5>u>1 90>u>15 150>u>90
temperature decrease p A B Vo A| B Vo A B Vo
0,8 1 0,32 0,25 110321027 1 0,32 0,28
0,7 4 0,75 044 | 4107751048 | 4 0,75 0,52
0,6 5 1,70 0,68 | 5]11,70]10,71] 5 1,70 0,74

For straightening and profiling the circles, a straightening tool was used [24-25]. On fig.
2.(b) shows the profilogram of the transition zone of the cutting surface of the grinding wheel

into the cavity.
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Fig. 2. (@) — dimensional chain of the circle re-profiling; (b) — profilogram of the transition zone of
the cutting surface of the grinding wheel into the cavity.

8. Determination of the period of re-profiling of the grinding wheel with a discontinuous
profile. The frequency of the changes in the grinding wheels is determined by the period of
their stability, depends on many factors and is usually established on the basis of statistical
data obtained under different grinding conditions.

To determine the re-profiling period, the following criteria can be used: increase to critical
values of the contact temperature in the grinding zone and the emerging danger of occurrence
of burns, microcracks or structural changes in the surface layer of polished blanks (parts);
output of the dimensions of the part beyond the geometrical accuracy specified by the
technical conditions; output indicators of roughness and waviness beyond the limits specified
by the technical conditions; increased grinding power; the emergence of specific noise;
occurrence of vibrations..

As a criterion for determining the period of re-profiling of the grinding wheel, the
amplitude 4 of the workpiece oscillations is chosen. [26—28]. The time for re-profiling was
determined from the value of the oscillations of the strain-gauge centers, which were recorded
by the oscilloscope DS1-102D. The grinding was stopped at 4>4 wm, preceding the burnt
threshold. In fig. 3. shows the oscillograms of the intensity of oscillations when grinding
wheel 14 70x8x25 244 F60 M7 V with six ledges at the initial moment of work (a) and at the
end of the period of durability (b), fig. 4. — the dependence of the wear value of the grinding
wheel with a discontinuous profile for the period of its durability.

a b

Fig. 3. Oscillograms of workpiece oscillations during grinding: (a) 60s; (b) 310s; £=0,065 wum/mm
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Fig. 4. Dependence of the wear value of the grinding wheel with a discontinuous profile 14 70x8x25
244 F60 M7 V for the period of its durability.

Table 2 shows the comparative results of the quality of the surfaces of the teeth of
broaches treated by the factory technology and a grinding wheel with a discontinuous profile.

Table 2. Comparative results of evaluation of the quality of the surface treatment of the teeth of

broaches
Deviations of the value of y from the
. ) Surface roughness — Ra, um
No nominal value — A, arcmin
broaches in Grinding of the teeth of broach by factory technology
the party . Dispersion o2, D1spers10n
Burns | max min 5 max | min
arcmin o, um’
1 + 0,033 | 0,019 5,44x10°° 0,36 | 0,22 4,OxlO'4
2 - 0,030 | 0,015 6,25x10°° 0,33 | 0,21 4,0x10*
3 + 0,031 | 0,018 4,69x10°° 0,34 | 0,23 4,44 x10*
z; + 0,035 | 0,017 5,46x10°° 0,343 | 0,22 4,14x10*
Grinding of the teeth of the broach with a discontinuous profile
. Dispersion 62, . Dispersion
Burns | max min . 5 max | min 5 5
min G, um
1 - 0,027 | 0,016 3,36x10°¢ 0,32 | 0,22 2,25x10*
2 — 0,031 | 0,018 4,1x10° 0,31 | 0,22 2,25x10*
3 - 0,026 | 0,015 3,4x10°° 0,29 | 0,20 2,25x10*
z; - 0,028 | 0,0163 3,62x10°¢ 0,30 | 0,213 | 2,25x10*
i /z; - 1,75 1,1 1,5 1,14 | 1,04 1,66
«+» — Presence of burns on any of the teeth of the broach

3 Conclusion

The presented technique for calculating the profile of a grinding wheel with a discontinuous
surface allows one to select the geometric parameters of his profile, taking into account the
wear resistance of the grinding wheel and the heat stress of the processing process.

The conducted production tests showed that the treatment of the teeth of the broaches with
a grinding wheel with a discontinuous profile, in comparison with the machining of broaches
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according to the traditional technology, ensures the high quality of the tooth surfaces. All the
teeth of broaches, polished with a discontinuous circle, along the roughness of the surface,
the tolerance to the front corner, and the presence of burns corresponded to the requirements
of the technological documentation. Compared with the machining of broaches according to
the factory technology, the dispersion by the size of the grinding angles decreases by 1.5
times, by the surface roughness by 1.66 times. The productivity of grinding the teeth of the
broaches compared with the factory technology, on average, increases by 20...26%.
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