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ABSTRACT: This article presents the results of the study of micro-hardness on
the end surface along the involute tooth profile after processing with a rolling
tool. The results of the study showed that the value of micro hardness obtained
by processing with “shaver-rolling device” made of steel R6M5 is obtained
within HB 263-271, and when processed with using “shaver-rolling device”
made of ShH15 steel within HB 274-276. The results of experimental studies
have shown that with an increase in cutting speed, the micro-hardness of the
side and main working surfaces of the teeth wheel decreases. The most favor-
able results were obtained when processing tools is made of steel ShH15 at
cutting conditions: n = 100–400 rpm; S = 0.2 mm/rotation.

KEY WORDS: rolling tool, micro-hardness, roughness, shaver-rolling device,
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1 THE RELEVANCE OF THE RESEARCH

In many industries, such as the production of heavy, mining, and mineral processing
equipment in the manufacture of drive units, teeth wheels are widely used. It is known
that teeth wheels are characterized not only by the complexity of the geometric shape,
but also by the interdependence of dimensional parameters that must be performed
with high accuracy even for non-critical gears. Therefore, in their manufacture the
most time-consuming and responsible specific operation is the process of shaping the
teeth. When shaping the teeth of gears, the main role is played by the methods of
final processing.
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The studies [1–3] showed that the current state of the engineering industry, in
particular the production of gears, dictates the need to develop and implement an
advanced technological equipment, cutting tools and high-performance, resource-
saving machining technologies. Despite the continuous improvement of technolog-
ical processes for the manufacture of gears, the labor intensity of gear formation
operations remains very high and makes up to 50-60% of the total labor intensity of
machining teeth wheels [4, 5].

Ensuring the required high accuracy and quality of machining teeth wheels is
achieved by improving the technology of their manufacture.

To solve this problem, a resource-saving method and design of a tool (“shaver-
rolling device”) have been developed for the final processing of the straight teeth of
cylindrical wheels.

Figure 1 shows the process of machining gear teeth with a shaver-rolling device
tool.

(a) (b)

Fig. 1. The manufacturing process of the teeth wheel by “shaver-rolling device” tool: (a) pro-
cessing; (b) blank mounted on the mandrel assembly; 1 – mandrel for the blank installation;
2 – blank; 3 – shaver-rolling device ShR15.

A special mandrel was made to install the blank (see Fig. 1b). The tooth wheel 2
is in backlash-free mesh with the shaver-rolling device 3 (see Fig. 1a).

When processing with “shaver-rolling device” for completeness of the evaluation
the properties of the final state of the contact surfaces of the teeth, micro hardness
studies on various parts of the side surfaces are of undoubted interest. In connection
with this, the study of the micro hardness of the lateral surfaces of the teeth of cylin-
drical teeth wheels during the processing with a “shaver-rolling device” is an urgent
task.
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2 METHODS AND EQUIPMENT OF THE RESEARCH

The research methodology is generally based on the scientific position of such sci-
ences as the theory of metals and alloys, metal technology, materials science and
metallography. The study of micro hardness on the side working surfaces of the
tooth was carried out according to the previously developed method [6, 7].

The device PMT-3M was used in determining of the micro hardness. Metallo-
graphic studies were performed using a modular optical microscope Olympus SZX10.
The microstructures of the samples were examined using a metallographic micro-
scope LOMO METAM PB-21.

Figure 2 shows the instruments used in the study.

(a) (b) (c)

Fig. 2. Instruments used in the study: (a) metallographic microscope LOMO METAM PB-21;
(b) the device PMT-3M; (c) modular optical microscope Olympus SZX10.

3 MICRO-HARDNESS STUDIES AND DISCUSSION OF THE RESULTS

Studies of the micro-hardness of the side surfaces of the teeth were carried out on
cylindrical teeth wheels (m = 3 mm, z = 24), made of improved 40X steel with a
hardness of 240 ... 280 HB. Processing was carried out with the use of shaver-rolling
device of steel R6M5 and ShR15, with a constant delivering S = 0.1 mm/rotation at
cutting speeds in the range of 200÷ 400 rpm [8, 9].

The scheme for measuring the microhardness Hµ on the microsections of the
working surfaces of the tooth is shown in Fig. 3.

Micro-hardness measurements were carried out on the working surfaces of tooth
C and B. On the surface C, measurements were taken in three parallel locations with
a center distance of 3 mm and measurements started at a distance of 0.5 mm from
surface A.

In this case, the step of the measured points is 0.95 mm and the number of points
is 20 (in all three places there are only 60).

At surface B, micro-hardness was measured in two parallel locations at a distance
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Fig. 3. Micro-hardness measurement scheme.

from the surface C 0.05 mm and 0.1 mm. The number of measured points is 10 (only
20 in two places), the spacing between measured points is 0.65 mm.

Based on the obtained results, graphs of micro-hardness distribution on the end
surface along the involute tooth profile and on the working surface of the tooth were
formed. Figure 4 shows a graph of the distribution of micro-hardness on the end
surface along the involute tooth profile.

Fig. 4. Graph of micro-hardness distribution on the end surface along the involute tooth
profile: 1 – R65, 0.05 mm; 2 – R65, 0.1 mm; 3 – ShH 15, 0.05 mm; 4 – SHh15, 0.1 mm.
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Fig. 5. Graph of the distribution of micro-hardness on the working side surface of the tooth:
1 – R65, 0.5 mm; 2 – R65, 3.5 mm; 3 – R65, 6.5 mm; 4 – ShH15, 0.5 mm; 5 – ShH 15,
3.5 mm; 6 – ShH 15, 6.5 mm.

Figure 5 shows a graph of the distribution of micro-hardness on the working side
surface of the tooth. The results of the micro-hardness study on the working surface
B of the teeth wheel (see Fig. 4) showed that when machining using a shaver-rolling
device made of steel R6M5, the micro-hardness value is obtained within HB 248-279
made of steel ShH15 within HB 261-282. The average value of micro-hardness is in
the range of 263-279.

The results of the micro-hardness study on the working surface C of the teeth
wheel (see Fig. 5) showed that when machining with the shaver- rolling device of
steel R6M5, the value of the micro-hardness is obtained within HB 263-271, the
shaver-rolling device made of steel ShH15 within HB 274-276. The average value of
micro-hardness is in the range of 263-276.

When machining with both tools, the micro-hardness values of the side and main
working surfaces of the tooth of the teeth wheel satisfy. It should be noted that when
processing with the use the shaver-rolling device made of steel ShH15, on the side
and the main working surface of the teeth wheel, a more solid and hardened layer of
the surface was obtained. Figure 6 shows a graph of the effect of cutting speed on the
micro-hardness of the machined surface of the teeth of the wheels.

The results of experimental studies have shown that with an increase in cutting
speed, the micro-hardness of the side and main working surfaces of the teeth wheel
decreases (see Fig. 6).

The most favorable results were obtained when processing tools are made of steel
ShH15 (see Fig. 6, straight 3) with cutting conditions: nsp = 100–400 rpm; S =
0.2 mm/rotation [10].
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Fig. 6. The graph shows the effect of cutting speed on the micro-hardness of the ma-
chined surface of the teeth of the wheels: 1 – R65, S = 0.2 mm/rotation; 2 – R65,
S = 0.1 mm/rotation; 3 – ShH15, S = 0.2 mm/rotation; 4 – ShH15, S = 0.1 mm/rotation.

4 CONCLUSIONS

1 The results of micro-hardness study on the end surface along the involute tooth pro-
file showed that when machining using a shaver-rolling device made of steel R6M5,
the micro-hardness value is obtained within HB 248-279, and when machining with
a shaver-rolling device made of steel ShH15 within HB 261-282. The average value
of micro-hardness is in the range of 263-279.

2. The results of the micro-hardness study on the working side surface of the tooth
showed that when processing using a shaver-rolling device made of steel R6M5, the
value of micro-hardness is obtained within HB 263-271, and when processed using a
shaver-rolling device made of steel ShH15 within HB 274-276. The average value of
micro-hardness is in the range of 263-276.

3. It has been established that when machining using “shaver-rolling device”
made of steel ShH15, a more solid and hardened layer of the surface was obtained on
the side and main working surface of the teeth wheel. The optimal cutting conditions
are determined: nsp = 100–400 rpm; S = 0.2 mm/rotation.

4. It has been established that an increase in cutting speed negatively affects
the micro-hardness of the side and main working surfaces of the teeth wheel, and a
decrease results in an increase in surface roughness.
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