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Abstract

The main idea of the work is to create a physical model of high speed broaching heat-resistant materials is used
to study the parameters of the surface layer quality. Modelling is a method of mediated cognition, in which the object
under study is in some correspondence with the model, and the object-model is capable in some way or another to
replace the original at some stages of the cognitive process. Physical modelling is primarily distinguished by the fact
that studies are conducted on models with physical similarity, i.e. preserving completely (or at least partially) the
nature of the phenomena. The work of the broach can be likened to the work of a number of planning cutter displaced
relative to each other by a small amount, which is called lifting (feed per tooth). Therefore, for experimental work,
a planning cutter of a special geometric was designed and manufactured — a physical model of a broach, in which
geometric, mechanical and dynamic similarity is realized. The article also presents an experimental justification for
the use of the created physical model in the study of the surface quality parameters of the, tab grooves of turbine
and compressors disks made of heat-resistant materials.
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1. Introduction

At present, the technological bases for the formation of the main parameters of the quality of
the processed surface of new heat-resistant materials under conditions of increased cutting speeds
remain not studied [1-5]. Therefore, to study the quality parameters of the surface layer in the
range of increased speeds, a physical model of the broaching was created.

By definition, a model is a natural or artificial object that is in accordance with the object under
study or one of its sides. Modelling is a method of mediated cognition, in which the object under
study is in some correspondence with the model, and the model object is able in some way to
replace the original at some stages of the cognitive process [6]. Physical modelling is primarily
distinguished by the fact that studies are conducted on installations that have physical similarity,
i.e. preserving completely (or at least partially) the nature of the phenomena. The similarity of
phenomena means that the data on the occurrence of processes obtained in the study of a single
phenomenon can be extended to all phenomena similar to this one. With physical similarity,
the fields of the corresponding physical parameters of the two systems are similar in space and
time [7].

2. The physical modelling of the broaching

When the physical model of broaching was created then investigations of the surface quality
parameters in high speeds condition to make possible. To substantiate the physical similarity of the
planning and broaching process, a comparative analysis of both processes was carried out.
Broaching is the process of deforming the material under conditions of non-free cutting. The main
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movement (Dr) — forward rectilinear, makes the broach. The kinematic scheme of broaching
is realized in two versions (Fig. 1).

a)

b

Fig. 1. The kinematic scheme of broaching: a) a schematic diagram of the operation
of a horizontal broaching machine, b) a diagram of a vertical broaching machine

In planning the surfaces profile section with a rectilinear edge are machined. They are based on
the simplest kinematic cutting scheme, providing for the action in the process of cutting only one
main movement - straight directional speed. In these studies, the cutting is carried out on a cross-
planer machine, the main motion on which the cutter makes, and the workpiece, fixed on the
machine table, makes the movement of feeds (Fig. 2).

Yy
Fig. 2. The kinematic planning scheme

Since all the studies described in this work were carried out on a horizontal broaching machine
and the location of the cutting edge relative to the direction of the main cutting movement in both
cases is rectangular, the kinematic similarity of the broaching and planning processes is provided.
The difference in the planning in a certain simplification of the conditions the formation of chips
takes place the process of free cutting. The deformed state of the layer being cut off is in this case
flat, i.e. deformation takes place in planes parallel to each other, and all elementary volumes of the
layer being cut off can move freely in parallel directions. The use of free cutting in experimental
studies makes it possible to eliminate the complicated deformation of the machined layer.

The work of the broach can be likened to the work of a number of planning tools displaced
relative to each other by a small amount, which is called feeding to the tooth. It determines the
thickness of the metal layer removed by each tooth (Fig. 3) [8].

For experimental, a special planning tool was designed and manufactured (Ukrainian Patent
No. 65776). The material and geometry are identical to the geometry and material of the broach
teeth. The working element of the planning was cut by an electric-spark method from the broach
and fixated on the tool (Fig. 4).

Basing was carried out on the polished plane-parallel surfaces of the cutting element and the
front surface of the cutter head. Therefore, it is safe to speak about the geometric similarity of the
two considered processes. The dynamic similarity is realized by the similarity of systems of forces
applied in the process of cutting to the front and rear surfaces of the planer blade and the pulling
tooth from the material of the workpiece [2, 3, 9]. Consequently, the mechanics of the planning
and broaching process are physically similar.
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Fig. 4. Special planning tool: a) drawing, b) photo): 1 — cutting element, 2 — pin, 3 — fixing plate, 4 — screw
5 — holder, 6 — stop, 7 — the cylinder

3. Experimental approbation of the physical model

For practical confirmation of the expediency of applying the planning process in studies of the
quality parameters of the machined surface in the range of medium and high cutting speeds,
a series of additional experiments were carried out. On the planning and broaching machines were
processed the same samples with identical cutting conditions. Planning was carried out on a 7A33
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cross-planer. Broaching of experimental samples was carried out on a horizontal-broaching
machine model 7B57; the maximum cutting speed is 5 m/min (according to the passport
12 m/min). Based on this limitation, cutting speeds acceptable for both types of cutting (planning
and broaching) were chosen. In this experiment, the task was set: to give a conclusion on the
expediency of replacing the broaching process with planning based on the degree of convergence
of the results of studying the influence of technological factors of the planning process and
broaching on the quality of the processed surface. To solve the problem, a full factorial experiment
was carried out; and the convergence of the results obtained during planning and broaching was
evaluated. The number of all combinations of levels' factors or the number of experiments 16
when broaching was the same when planning. The order of the experiments was chosen on the
basis of the principles of minimizing the time to re-install the part and the tool, readjust the
equipment. The initial data and the experiment plan are shown in Tab. 1 and 2.

Tab. 1. Values of factors and levels of their variation

Characteristic [ m/rlflin] [ mm/foo h] [Z] HRC
Low Level 2.3 0.05 20 32
Up level 3.0 0.1 27 39
Tab. 2. Experiment Planning Matrix 2*
exli(r)ie(r)lies Al X2 A3 X4 [m/rI;in] [mm/footh] [Z] HRC
1 -1 -1 -1 -1 23 0.05 20 32
2 +1 —1 —1 -1 3.0 0.05 20 32
3 -1 +1 -1 -1 2.3 0.1 20 32
4 +1 +1 -1 -1 3.0 0.1 20 32
5 -1 -1 +1 -1 2.3 0.05 27 32
6 +1 -1 +1 -1 3.0 0.05 27 32
7 -1 +1 +1 -1 2.3 0.1 27 32
8 +1 +1 +1 -1 3.0 0.1 27 32
9 -1 -1 -1 +1 23 0.05 20 40
10 +1 -1 -1 +1 3.0 0.05 20 40
11 -1 +1 -1 +1 23 0.1 20 40
12 +1 +1 -1 +1 3.0 0.1 20 40
13 -1 -1 +1 +1 23 0.05 27 40
14 +1 -1 +1 +1 3.0 0.05 27 40
15 -1 +1 +1 +1 23 0.1 27 40
16 +1 +1 +1 +1 3.0 0.1 27 40

The quality of the treated surface, in this experiment, was determined by the level of its
roughness. The measurements on the studied images were performed at three points, outside the
effect of the edge effect on the profilometer 296; the results were averaged (Tab. 3 and 4).

For a visual assessment of the convergence of the experimental results (roughness of the
processed surface), photographs were taken of the real surface of all the slots with a 20-fold
increase in the Neophot reflected light photomicroscope. The results are shown in Tab. 5.
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Tab. 3. The results of planning

No. | Wﬁm] | mm/footh] [Z] HRC Rai Raa Ra Ragp | Ra
1 2.3 0.05 20 32 3.11;3.08;3.68 | 3.53 | 2.61;2.87;2.95 | 2.81 | 3.17
2 3.0 0.05 20 32 2.09;2.18;2.02 | 2.10 | 2.05;2.17;2.08 | 2.10 | 2.10
3 23 0.1 20 32 2.96;3.60;2;79 | 3.12 | 2.80;2.53;2.92 | 2.75 | 2.94
4 3.0 0.1 20 32 2.50;2.44;2.12 | 2.35 | 2.55;2.57;2.80 | 2.64 | 2.50
5 23 0.05 27 32 3.12;2.80;2.89 | 2.93 | 2.44;2.27;2.46 | 2.39 | 2.66
6 3.0 0.05 27 32 2.19;2.20;2.70 | 2.36 | 1.85;1.56;2.23 | 1.88 | 2.12
7 2.3 0.1 27 32 2.73;3.26;2.44 | 2.81 | 2.37;2.50;2.55 | 2.47 | 2.64
8 3.0 0.1 27 32 1.67;1.79;2.39 | 195 | 1.54;1.54;2.09 | 1.72 | 1.84
9 2.3 0.05 20 40 1.62;1.26; 1.71 | 1.53 | 1.88;2.07;2.04 | 2.00 | 1.76
10 3.0 0.05 20 40 2.25;2.13;1.44 | 1.94 | 1.19;1.89;1.24 | 1.44 | 1.69
11 23 0.1 20 40 1.70; 1.23; 1.45 | 1.46 | 1.87;2.00;1.98 | 1.95 | 1.70
12 3.0 0.1 20 40 1.98;1.35;2.00 | 1.78 | 1.34;1.94;1.71 | 1.66 | 1.72
13 23 0.05 27 40 1.57;1.57;2.00 | 1.71 | 1.49;1.51;1.77 | 1.59 | 1.65
14 3.0 0.05 27 40 1.18;0.86;0.78 | 0.94 | 1.38;1.41;1.76 | 1.52 | 1.23
15 2.3 0.1 27 40 1.48;1.62;1.90 | 1.67 | 1.29;1.50;1.85 | 1.55 | 1.61
16 3.0 0.1 27 40 1.39; 1.45;1.50 | 1.45 | 1.20;1.63;1.90 | 1.58 | 1.52

Tab. 4. The results of broaching

No. | | m/II;in] [ mm/foo th] [Z] HRC Ra Raa; Ra Ran | Raa
1 23 0.05 20 32 2.56;2.43;2.00 | 2.33 | 2.34;2.58;2.60 | 2.50 | 2.42
2 3.0 0.05 20 32 2.09;2.29;2.04 | 2.14 | 1.98;2.01;1.75 | 1.91 | 2.03
3 2.3 0.1 20 32 2.58;2.15;1.26 | 2.00 | 2.07;2.19;2.00 | 2.09 | 2.05
4 3.0 0.1 20 32 2.26;2.18;1.68 | 2.04 | 1.95;2.04;1.73 | 1.90 | 1.97
5 2.3 0.05 27 32 2.01;2.15;1.89 | 2.02 | 1.68;1.77;1.85 | 1.77 | 1.90
6 3.0 0.05 27 32 2.18;1.94;2.00 | 2.04 | 1.49;1.67;1.34 | 149 | 1.77
7 23 0.1 27 32 1.72;2.04;1.57 | 1.78 | 1.65;2.09;2.09 | 1.94 | 1.86
8 3.0 0.1 27 32 1.55;1.84;1.40 | 1.60 | 1.64;1.33;1.79 | 1.59 | 1.60
9 23 0.05 20 40 1.57;2.04;1.65 | 1.75 | 1.26;1.48;1.72 | 1.49 | 1.60
10 3.0 0.05 20 40 1.42;1.87;1.07 | 1.45 | 1.37;1.31;1.49 | 1.39 | 142
11 2.3 0.1 20 40 1.73;1.45;1.44 | 1.54 | 1.31;1.87;1.32 | 1.50 | 1.52
12 3.0 0.1 20 40 1.18; 1.24;0.98 | 1.13 | 0.81;1.22;1.33 | 1.12 | 1.13
13 2.3 0.05 27 40 0.97;1.24;0.88 | 1.03 | 0.98;1.18;0.96 | 1.04 | 1.04
14 3.0 0.05 27 40 1.02; 0.76; 0.89 | 0.88 | 0.94;0.93;1.31 | 1.06 | 0.97
15 23 0.1 27 40 0.95;0.96;0.90 | 0.94 | 1.09;0.87;0.94 | 097 | 0.96
16 3.0 0.1 27 40 0.97;0.75;0.87 | 0.86 | 0.98;0.79;0.99 | 092 | 0.89
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Tab. 5. Comparative analysis of the conditions for broaching and planning of steel EP517

Compare parameter

Comparison

Broaching

Planning

Kinematics and geometry

The main movement (Dy) —
— forward rectilinear

The position of the cutting
blade relative to the direction
of the main movement

of cutting — rectangular

Horizontal-broaching machine 7557

Cross-planning machine 7A33

14

——

Sz
A\

Chip Conditions:

— free cutting process,

— the deformed state of the
cut layer is flat

Cutting tool:

a) material,

b) geometric parameters,

¢) the quality of the flank
and rear faces

R6MS
rake angle y = 20° and 27°;
clearance angle a = 3°;
wedge angle p = 0.1 mm;
Ra=0.32 um

R6MS
rake angle y = 20° and 27°;
clearance angle a = 3°;
wedge angle p = 0.1 mm;
Ra=0.32 um

Sample Processing Conditions
a) cutting speed,
b) feed per tooth

V1 =2.3 m/min; V> = 3.0 m/min;
Sz;=a=0.05 mm;
Sz;=a=0.1 mm

Vi1 =2.3 m/min; V> = 3.0 m/min;
Sz;=a=0.05 mm;

The appearance of the
surfaces of samples treated
under the same conditions:
V=3 m/min; Sz = 0.05 mm,;
y=20%

Ra=1.42and 1.69 um

Sz;=a=0.1 mm

4. Conclusions

From the analysis of the parameter values and photographs of the roughness of the surfaces
formed during planning and broaching follows:
1) The level of roughness the broached surface is lower than planed surface on all similar

samples. This fact is explained by the technological system on a broaching machine is more

rigid. On a planer, the tool experiences certain vibrations.
2) The average discrepancy between the experimental values does not exceed 23.5%.
3) In both cases, the same patterns are observed (roughness decreases with increasing sample
hardness and, in some cases, cutting speed, using a tool with a front angle of 27° provides

a smoother surface).

4) The texture and surface defects are identical.
5) The nature of the hardening of the surface layer and the distribution of residual stresses in it are

similar.
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