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Abstract

In the article, the problem by determination of rational geometrical parameters of profile section on the
basis of Reuleaux triangle is considered. The characteristic of section form changeability depending
on various ratios of section geometrical parameters is described. The solution of search of rational
parameters K, at which, it is possible to obtain this section from the workpiece of circular section, is

provided.
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The use of profiling shafts instead of castellated
and spline ones in the industry (machine and automo-
bile construction and  instrument making) is per-
spective in terms of sufficient reliability ensuring of
heavy loaded connections [1, 2, 3, 4]. The shearing
stresses, which depend inversely on this section polar
moment, appear during torque transmission in profile
section on the basis of Reuleaux triangle. In this re-
gard, there appears a task of search of polar moments

rational values, at which the tangential stresses could
be the smallest; thus, it is necessary to consider that a
shaft of this profile is made of workpiece of circular
section.

Let us consider the sections of profile moment
transmitted section (Fig. 1).

For this section, the calculation of the polar mo-
ment was conducted [5]:

I, =R"(0.08212820665K" +0.3961779179K" +0.6141847019K" +
+0.3961779178K +0.08212820665)

where R — radius of circumscribed circles from the
corners of the central triangle;

K — the parameter considering a ratio of radiuses
Randr;

r — radius of circumscribed circles from the cor-
ners of small triangles.

>

K=~ (1

Using the obtained dependence, it becomes pos-
sible to determine to high precision the normal and
tangential stress arising in profile connection during
torque transmission. These dependences can be used
during the automated strength calculation of con-
nection according to the 3™ theory of strength. This
will allow reducing of time for design-engineering
preparation for production of the items containing the
connections on the basis of Reuleaux triangle in their
design [5].
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Figure 1. The section of moment transmitted shaft
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Therefore, it is necessary to solve a problem of ra-
tional ratios (expressed by the parameter K) of radius-
es of this section inscribed in a circle. This parameter
influences the polar moment directly.

If r — (); K=0, the profile section is changed into
Reuleaux triangle [6].

This type of profile section differs by the ease of
production [7]; however, it has stress risers that re-
duce its operational properties significantly in com-
parison with the profile presented in Fig. 1.

If R~r, K=1, the profile section is changed into a
circle.

R=a+r
2
wherg{ a — side of the central triangle.
r=2" whenK =1
1-K 3)
and R similarly:
R=— henK =1
=1-x’ whnen

Let us describe round section a circle with a di-
ameter D with the center in the gravity center of the
central triangle, so we obtain:

D=2(§(R—ﬂ+?’) =%§R+2-r(_1—§)

D =~ 1,155R + 0,845r

We can express r and R:

_D- 0,845r

- 1,155

_D- 1,155R
"="0845

Let us substitute these expressions into parameter
K:
K — 13679 D —1,155R

- ( D —0,845r

From the condition that K > 0, we obtain the sys-

tem of linear inequalities:
{R = 0,866D

< 1,19D
Let us substitute the formula (2) in this system:
{T’ = 0,866D —a
< 1,19D

Let us set the boundary conditions:
a>0;
r < D/2(imaginary circle),
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then the system will be transformed to the follow-
ing expressions:

{r = 0,866D —a
0<r<0,5D

The system will have solutions if
0,366D = a < 0,866D

Let us solve the system concerning r, we express a
from formula (3):

1-K

a=r(

)

Let us substitute this expression in the system of
linear inequalities and we will solve it:

0,5D(1—K)

0,366D < < 0,866D

0,366 < K < 0,577

Now, we solve the system concerning R:

0,366D < a < 0,866D
0<r=0,5D
a+r=~R

0,366D < R < 1,366D

Let us express a from (4):
a=R(1-K)

We substitute this expression into inequality and
solve it:

{0,3669 <1,366D(1—K) < 1,366D
0,366D < 0,366D(1 — K) < 1,366D

0,366=K<0,73

Finally, we obtain the limits of parameter K, for
which, it is possible to inscribe section in a circle with
a diameter D:

0,366 < K < 0,577

If it appears that parameter K<0,366, the paramet-
rical section becomes less insignificantly than cir-
cumscribed circle.

If the parameter K>0,577, the border of circum-
scribed circle on a curve of small radius r is observed

(Fig. 3).
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Figure 2. Violation, at which the parametrical section becomes less insignificantly than circumscribed circle

Figure 3. Violation of border of circumscribed circle on a curve of small radius r

The obtained interval of parameter K will allow
reducing of further time of parametrical section opti-
mum form selection.

The work is performed within the Russian Pres-
ident's grant on the state support of young Russian
scientists - candidates of science MK-2653.2014.8.
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