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ABSTRACT

The purpose of the work was analytical research and computer modeling of the influence of shape and size of
console beams of elastic plates in non-base configurations for the cam of the automatic half-hose machine under
the conditions of flexibility, strength, and minimization of sizes. The scientific novelty of the work lies in the fur-
ther development of the theory and methodology of designing the elements of knitting systems of the automatic
half-hose machines based on regimes of loading, limitations in strength and dimensions, as well as requirements of
the technological process. In order to increase the flexibility of the elastic plate, the symmetrical introduction of two
console beams of trapezoidal shape was proposed. The influence exerted by the coefficient of the shape of console
beams and their lengths on the magnitudes of deflections and stresses was analyzed, which allows making grounded
and flexible decisions regarding the dimensions of the root and the end sections of the beams at the preliminary
stage of design. The mathematical support was presented mainly in an explicit form, which simplified the analysis
of the influence of controlled dimensions of the elastic plates on their flexibility and strength, as well as contributes
to the comprehensive approach to the development of cams of different constructions with elastic plates and allows
improving the quality and efficiency of design solutions of cams. The beam bending theory and the finite element
method based on Code_Aster shared software were used. The model of the plate was represented by an ordered grid
of finite nodal elements of the same size, without the use of elongated and flat elements. According to the results
of simulation experiments, the distributions of deformations and stresses on the surface of the elastic plate of the
cam were obtained, depending on its shape and size, which confirmed the validity of calculated recommendations.

Keywords: elastic plate of the cam, strength, flexibility, Finite Element Method, Code Aster.

INTRODUCTION

The automatic half-hose machines belong to
circular knitting machines with a small diameter
of needle cylinder up to 4”. The technological tra-
jectories of the needles are ensured by the rotation
of the cylinder and the interaction with the cams
called knitting cams. A set of cams around the
cylinder includes at least a raising cam, a stitch
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cam, and an upthrow cam, which form the cams
of the knitting system in the knitting mechanism.
The change in the direction of movement of the
needles relative to the cylinder is determined by
the cams, which is accompanied by repeated-vari-
able loadings and leads to the fatigue failure of
the needle hooks [1-3].

According to the results obtained from
the dynamic analysis of the interaction in the
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needle-cam-cylinder slot system [1, 4, 5], it is
obvious that the angle of slope a of the work-
ing surface of the cam and the rigidity C of the
needle when interacting with the cam, have the
main influence on minimization of the impact
force F. The reduction of « for the entire surface
of the cam is critical in relation to the length of
the knitting system cams; that is why in practice,
the cams with curved surfaces are preferred. The
general principles concerning the construction of
nonlinear profiles of cams in accordance with the
technological and dynamic requirements are well
presented in the literature, starting from theo-
retical research [6—8] to the automated design of
high-order polynomials and production using the
CAD/CAM technologies [9-11]. The expediency
of using profiled sloping raising cams and stitch
cams in the automatic half-hose machines is lim-
ited to some extent due to the periodic change of
the point of interaction between the needle heel
with the surface of the cam and is generally unac-
ceptable for the horizontal upthrow cams with the
vertical application of force. Therefore, regarding

the automatic half-hose machines, a promising
direction of minimizing the impact force F is to
increase the flexibility in the needle-cam pair,
especially using the cams with elastic elements
[12,13].

In the paper [14], the elastic element of the
cam with non-base configuration — the plate of
a complex shape (Fig.1) that has a double con-
sole and transverse beam deformations — was re-
searched. Due to the results of modeling at the
maximum force F = 14 N [1], limiting the dimen-
sions of the plate (L =27 mm, H=10.9 mm, h
= 0.7 mm) and the maximum permissible deflec-
tiony < 0.22 mm, using the SH1S steel as the
material, the controlled widths of the console
beam B = 3.8 mm and the transverse beam b= 3
mm were obtained, considering the requirements
of flexibility and strength. From the analysis
of the screenshot (Fig. 2) showing the distribu-
tion of equivalent stresses on the surface of the
elastic plate, it is obvious that it is expedient to
replace the console rectangular beams with con-
stant transverse dimensions along their length by

Fig. 1. The design model of the elastic plate of the cam:

x — the coordinate of the point of application of force

-

Fig. 2. The distribution of equivalent stresses on the surface of the rectangular
elastic plate, considering that B = 3.8 mm, H=10.9 mm
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beams of trapezoidal shape [15—17]. This will in-
crease the deflections of the plates at H = const
in general or decrease H at a constant deflection.

RESEARCH METHODOLOGY

The purposes of this article included conduct-
ing the analytical research and computer model-
ing related to the influence of shape and size of
console beams of elastic plates in non-base con-
figurations for the cam of automatic half-hose
machine under the flexibility and strength condi-
tions, minimizing the console sizes.

Let us consider the right console. The value
F, = 9.8 N is determined by the decomposition
of the force Finto a system of two parallel forces
that do not form a pair [18]. Symbols v (0) and
v,(0) denote the deflections of the conditionally
free ends of the rectangular and the trapezoidal
console beams as a result of the applied force F,.
As the length of the console is much greater than
its other dimensions, it is sufficient to use con-
ventional beam theory, taking into account the
normal stresses from bending and neglecting the
tangential shearing stress between the layers of
the beam [19]. Considering [16], we have:

4R 0
Ea(1)h’
where: /=H —-0.8b=85mm — length of the
console beam;
E=2.11-100MPa —elastic modulus of
the SHI15 steel [20, 21];
a(1)=B — width of the beam in the root

section (trivially determined by the condi-
tion of bending strength).

vi(0)=

Inserting the initial data in (1), we have a cal-
culated value v1(0) = 0.0875 mm, which is with-
in the range {0.0744; 0.099} mm, according to the
screenshots of deflections in [14].

The “perfect” consoles mean the consoles
with a constant bending resistance, the condition
for equal bending strength of which is presented
in [22]:

6Fz  6FI
a(z) a1 )h> @
where from:
a(l)
a(z)= ; z 3)
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Thus, the “perfect” console looks like a trian-
gle, where a(z) — the width of the cross-section
of trapezoidal console depending on the distance z
from the top of the triangle. However, the console
of such a shape cannot be structurally attached to
the cross beam. Moreover, it is necessary to check
the console for a cut in a dangerous section with a
minimum width [16]:

_3 _Omax 1
2 hapin(z)
where: @, . — shearing force (0,4 = F1);
[r] — permissible tangential stress in cut
(considering the recommendations [20],
we have [7]=0.6[c]=199.8 MPa).

“)

Tmax

After calculations, the minimum permissible
width of the console at the point of attachment to
the cross beam is a,,(z)=0.11 mm.

As the console is attached to the cross
beam with a width & = 3 mm, and con-
sidering the condition (3), we obtain
b) = @ p=223
much higher than the minimum permissible value.
For design reasons, we choose a,,;,(0)=2.3 mm
to reduce the concentrator of stress. The connec-
tion between the deflections v, (0)=v(0)6 was
analyzed in [23] and was determined by the trape-

a;(0)

zoidal shape coefficient ki = a(l) (for rectangu-

a(z: =1.34 mm, which is

lar console x =1, as a;(x)=a(0)=a(1)=const).

There is tabular information on the dependen-
cy of 6, on k, but the formulas are more conve-
nient, in particular of the following type

3

= >
2+Ki (5)

l

Considering that «(1)=3.8 mm and cal-
culating that @(0)=2.3 mm, we have an in-
crease in the deflection of the console beam
of equal strength compared to the rectangu-

lar one for 4= =1.152 times, that is

24+ —
3.8
v, =0.0875-1.152=0.101 mm.

The finite element method was chosen as the
mathematical basis for the computer modeling of
the elastic plate of the cam [24], the example re-
garding the design of the cam is given in [25].
An ordered grid of finite 8-node elements of the
same size, without the use of elongated and flat
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elements, was the model for the plate. The con-
struction of the parametric model and the pro-
cessing of the obtained data were performed in
the Code Aster software environment, which is
compatible with the existing open Salome pre-
processor [26, 27] and the graphical interface of
the user. In addition to the open-access benefit,
the use of Code Aster-based computer modeling
has a non-competitive priority over the long-term
procedures of field research.

RESULTS

The modeling of the elastic plate was per-
formed, considering the deflection magnitude
v>(0) with a change a;(0) within the 2.3 and
3.8 mm with an interval of 0.5 mm at constant
values I, h and £1. Figure 3 and 4 show the
distribution of deflections and normal stress-
es at the points of the plate for the case when
a;(0)=2.3 mm.

In Figure 2, the fulfillment of the condition
of strength Omax = 323.1 MPa<|[o]|=1333 MPa is
obvious, in the Figure 4 — the fulfillment of the
condition of equal strength along the console is
obvious as well (the local deviations occur in the
fixing of the console and near the stress concen-
trator). In the case of designing, considering the
given flexibility, it is advisable to use the follow-
ing formula:

. 3
C= vi(0) _ i(ij (6)
F Ea(1)\ h
As an example, at «(0)=23 mm

and a(1)= 3.8 mm, we have a flexibility
C = 1.029:10”° N/m. Then in the calculations

Vv, mm
0.21552
0.20013
0.18473
0.16934
0.15395
0.13855
0.12316
0.10776
0.09236
0.07697
0.06157
0.04618
0.03078
0.01539
0

T

of the impact force, the required rigidity is
1
K =" 0.9718-10° N/m.
Let us consider the impact of @;(0) on the
length of the beam under the condition of a given
deflection v, (0) = const . Where as

~ 4R (1Y
Vz(o)_vl(o)e_Ea(l)(h] 0

then at the given v,(0) = 0.0875 mm, after
the insert and simplification, we have:

E >
| - /M s
4K -0,

Then H,=1[+0.2b. For the rectangular
console at (0)= 3.8 mm and x = 1 we have
H=85+0.8-3=109mm.

Figure 5 shows the impact of the change
a;(0) on the length of the beam I at a constant
deflection v5(0)=0.1732 mm.

Thus, at the value of (0)= 2.3 mm and the
corresponding shape coefficient k,,;, = 0.605, the
relative change in the deflection and the length of
the console in relation to the rectangular one at
a(O) =3.8mmare &,.)=15.2%and ¢ =9.6%,
respectively.

In addition, considering the technological
necessity for a reverse movement of the needle
wheels along the cam, we accept the left console
with the sizes similar to the right one and calcu-
late its deflection at the force fp = F -F; =4.2 N.
Since, according to the formula (1), the deflec-
tion of the console is proportional to the force,

for the left console and the two console beams of
4.2
_Vz (0) >
9.8

(7

S

4.2
the cam plate we have —v, (0) and 1
respectively. 9.8

Fig. 3. The distribution of deflections of the elastic plate with the consoles
of trapezoidal shape at @;(0) =2.3 mm and H =10.9 mm
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o,, MPa
161.94
138.33
114,71
91.094
67.478
43.862
20.246
-3.3702
-26.986
-50.603
-74.219
-97.835
-121.45
-145.07
-168.68

Fig. 4. The distribution of normal stresses on the surface of the elastic plate with
the consoles of trapezoidal shape at ¢;(0) =2.3 mm and H =10.9 mm

0.14849
0.13612
0.12374
0.11137
0.09899
0.08662
0.07424
0.06187
0.04949
0.03712
0.02474
0.01237
0

b)

Fig. 5. The distributions of deflections of the elastic plate on change of the length of the consoles
and the constancy of the maximum deflection with the consoles of trapezoidal shape:

a)at a(0)= 3.3 mm we have H=10.6 mm; b) at ¢(0)= 2.3 mm we have H=9.87 mm

The diagrams v, = fla;(0)] and 1; = f[a;(0)],
based on calculations and computer modeling, are
presented in Figures 6 and 7.

CONCLUSIONS

The possibility and the expediency of using
the computer modeling for the elastic element of
non-base configuration of the cam of automatic
half-hose machine with the application of the Sa-
lome Meca open-source software, based on Code
Aster, and the finite element method were presented.
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The comparative analysis of the results of
calculations and the results of computer model-
ing of the elastic plates confirmed their suffi-
cient degree of accuracy. Moreover, the formu-
las (1-7) are convenient for use and presentation
in an explicit form, which simplifies the analy-
sis of the influence of the controlled size of the
elastic plate on its deflection. Obviously, these
provisions should be used mainly at the stage of
preliminary designing.

The methodology and mathematical support,
which allow modeling the configuration of the
elastic plate of the cam of the automatic half-hose
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Fig. 6. The diagrams of deflection v, depending on
the width a@;(0) of the console beams: 1 — elastic
plate in general; 2 — two console beams according
to the results of calculations; 3 — two console beams
according to the results of computer modeling

machine under the conditions of flexibility and
minimization of sizes of its console components
were offered.

In the future, we consider it appropriate to
continue the research on the minimization of cam
sizes in the transition from the traditional methods
of analysis that use the normalized safety factors
to the analysis for fatigue strength in the proba-
bilistic figuration with a given level of reliability.
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