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Abstract

The questions of design maintenance of a given fatigue longevity of rods of complex form during the intensification of load modes
without changing of geometric, inertial and rigidity parameters of roads are considered. The study is conducted on the example of
needles of circular machines with a small diameter of cylinder (automatic half-hose machines). An approach, based on the system of
calculation of loads, loadings and resources under the criterion of fatigue strength, is proposed. The key link for the transition from the
results of dynamic analysis to the determination of reliability indices is the dependence of limited longevity of needles on the cycles of
load to fatigue failure with the use of statistical data on operating time to fatigue failure of the needles in production conditions. Since
the random values of loads of the needles do not obey the normal law of distribution, the general description of density of distribution

of amplitude of loads is presented. The influence of increase in speed parameters and constructive measures, aimed to reduce the

corresponding loads at a current size of critical section of the needles, on the fatigue longevity is analyzed.
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1 Introduction

The questions of longevity of rods of complex form on the
example of knitting needles of circular machines of small
diameter (automatic half-hose machines) are considered.
The rods of the knitting needles have sections of a vari-
able rectangular cross-section in length and a cylindrical
hook in the zone of loop formation. Technological trajec-
tories of the needles are given by a set of cams, which are
called cams of knitting system. According to the results of
the study of needle failures in production, the domination
of hook destructions has been identified. Using the frac-
tography analysis of surfaces of hook failures, the fatigue
nature of destructions has been recorded [1, 2]. It is con-
cluded that fatigue failures of needle hooks are the results
of repeated action of repeated-variable loadings of the nee-
dle during the interaction with pitched cams that raise and
lower the needles, and lateral cams, which braking needles
on a given trajectory. The increase in stress in the critical
section of the needle hook is also affected by the reflection
of waves when changing the sections in the needle rod.

The needles belong to the parts that are criterial in size
since the provision of required factors of safety by increas-
ing the size in the critical section is impossible due to the
technological requirements for the processing of yarn of
certain tex. Therefore, the priority is given to analysis of
the effect of needle loading on its fatigue longevity and
to justification when choosing design solutions for cams
of knitting systems and rational load modes. Since in the
future the work of the automatic half-hose machines is
close to continuous and without the involvement of service
personnel, there are the requirements for the extension of
the needles' life cycle. Besides, a reasonable assessment of
their longevity also contributes to the development of ratio-
nal consumption rates of the needles during operation and
modes of maintenance of automatic half-hose machines.

2 Literature review
It should be noted that most publications on the reli-
ability of machines are mathematically oriented mainly
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on parts and structures of general engineering [3, 4], rep-
resent innovations to ensure reliability [5], analyze the
mechanics of damages and destructions [6] in construc-
tions depending on the material [7], or cover a specific
direction, for example [8, 9]. In the paper [10], the types
of the needles’ failures are studied; the work [11] presents
the ways to increase their useful lifetime. The purpose of
the work aimed at determining the reasons for the nee-
dles' failures is primarily related to fractographic stud-
ies of fatigue fractures of the hooks [2] and the damage
from wear [12]. Also, a set of organizational and techni-
cal measures to obtain complete and reliable information
on a comprehensive study of the needles' failures is pre-
sented. It is found that fatigue failures of hooks prevail in
automatic half-hose machines of the middle class, while
failures from wearing prevail in high-class automatic
half-hose machines that process synthetic threads. Also,
attention was paid to the development of the systems of
damage detection in production conditions. The approach
that is based on machine vision and the technology of pro-
cessing the images for the needles [13] and the loop struc-
ture [14] is considered as the modern one. The summary
on operational and bench tests of the needles is presented
in [15], in accordance with the results of which the dom-
inant type of destruction of the knitting needles in auto-
matic half-hose machines of the middle 14 class is deter-
mined, the values of the intensities of their failures are
given, and the main factors influencing the destruction are
listed. The classification of the needles and cams of knit-
ting machines is outlined in review work [16]; the mod-
eling of the process of loop formation when the needles
interact with the cams that have working areas on poly-
nomial curves is provided in the research [17]; innovative
trends in their design improvements are given in [18]; the
current state is comprehensively presented at the world
exhibitions of the textile industry ITMA [19].

However, most works are devoted to the dynamic anal-
ysis of the needles' interaction with pitched cams [20, 21],
among which — the classical work [22], where the theo-
retical positions and experimental data are systematized
to estimate the number of impact loads and determine
the rational design parameters of the knitting systems.
Taking this, the dynamic models are not enough to ana-
lyze the reliability of the needles, because there is no uni-
fied transition from the spectrum of variable loadings
to the equivalent stresses in the needles at corresponding
cycles of their endurance to failure.

Besides, the acceptability of existing provisions on cal-
culations of fatigue longevity [23] of the needles is limited
by many reasons, in particular: by the complexity of their
forms; by the inability to ensure the required factors of
safety in the critical section due to increase in size; by the
complexity of calculation of the overall coefficient of
reduction of the fatigue limit, which takes into account the
design and technological features of the needles; by the
lack of information on the parameters of fatigue of needles
that meet the working conditions.

Given that the issues of the complex estimation of the
longevity of the knitting needles (from the loads to the cal-
culation of indicators) are not considered, the problem of
ensuring the set level of their longevity at the design stage
or during the planning of the residual resource in production
is relevant. The aim of the article is to develop the algorithm
for calculating the fatigue longevity of details of complex
forms and without excess factors of safety on the example
of knitting needles of the automatic half-hose machines, for
which the application of the traditional approaches is limited.

3 Research methodology

The calculation of longevity for any detail at the design
stage includes dynamic analysis for determination of
load conditions, calculation of characteristics of loading
and indicators of longevity. The key link that provides
the implementation of calculation is the dependency of
limit values of limited fatigue of detail &, , on its cycle
longevity N,, which is appropriate to present graphically
in semi-logarithmic coordinates &, , —IgN,.

The information for calculation of statistical estimates
of operating time to fatigue failure of needle hooks 7,
at the first stage was obtained during test testing of needles
at different levels of loading with the subsequent transition
to cycle longevities N,. Standard needles from different
batches were examined at the experimental installation
in order to average the influence of constructive and tech-
nological factors on the fatigue strength. The size of tests
was determined by the parameters of log-normal distribu-
tion of service life till the failure of needles [24]. In order
to prevent the impact of landing of needles into the cyl-
inder, they were installed with a production bend of the
rod. Within each series of tests, the constancy of the given
circle speed was maintained (Vx‘ =0.9; 1.0; 1.2 m/s), and
the cylinder of the machine was filled with a batch of new
needles. The pitch angles of working surfaces of cams that
raise and lower the needles at the installation were o = 45°.



The transition to cycle longevity for each level of load
was performed using the formula:

N, = 60T ns, M

where n — the rate of rotation of needle cylinder stand;
s = 6 — number of needle interactions with cams per one
cylinder rotation (three pairs of cams for raising and low-
ering the needles).

As aresult of calculations, at circular speeds of cylinder
V. . the corresponding values of cycles

]\_/i = (8.32; 4.79; 3.16) x 107 were obtained, which cor-
responded to the probability of failure P =50 % and set the
mean quadratic deviation S,,, = 0.907.

The loads of needles y, during the interaction with
pitched cams were determined analytically at maximum
values [15]:

Vinax, = Vx,. xtgo ’ ;nzrd ><Crd
\/[1_47-[2))((“—](") @)
1+1K (Fr +2hxV, —tgaxmrd),

c

where m ,, C  — reduced mass and rigidity of the needle
at lateral interaction with pitched cam; a — the angle of pro-
file of working surface of cam; F, — resisting force to nee-
dle movement in race, which is created artificially in order
to prevent its lowering in needle race; 42 — damping coef-
ficient; 0 — logarithmic decrement of oscillation (4 and J
determined by attenuation of oscillations, corresponding to
impact process); K — coefficient, which takes into account
additional deformations of the bend of rod and heel of the
needle at the moment of impact. Useful resisting force,
which corresponds to the force of friction of old loop during
its takedown, was neglected, because the needle did not
perceive the effect of raid-in thread during the impact [25].

The difference between experimental Vinas,,, and ana-
lytical y,,  values y,, did notexceed 8 % with a ten-
dency to decrease during the increase of loads. At any
time thereafter the calculated values y,,  were used,
which, taking that y,,, > Vinax,,, » affected the estimated
factor of safety.

Preliminary the transition from stress in the heel of the
needle to stress in its hook under different load conditions
was performed:

Gi :nymax,’ (3)

where K = f{ lq)/A — the coefficient of transition from load
to stress; f(lq) — an expression that takes into account the
effect of change of the area and the form of cross-section

Berezin et al. | 11 3
Period. Polytech. Mech. Eng., 65(2), pp. 111-119, 2021

of the needle rod from the heel to the hook [26], and the
reflection of waves in the places of sharp change in the
needle shape [27]; 4 — cross-sectional area of the needle
rod in the heel area.

As a result, for different levels of load it were taken
0, =0,y =49.8;54.2; 57.6 MPa.

Taking into account the pairs of data &, , and IgN,,
the following dependency was obtained, which approx-
imated the curve of limited fatigue of hooks of needles
in the straight line within the calculated area:

Gy =—18.7271g N, +198.017 + 2.641U. @)

Obviously that for average values of limited longevity
N, with probability P = 0.5 we have U = 0. Since &,
is a linear function of two normally distributed stochastic
values IgN, and U, then the average quadratic deviation of
its values is [23]:

Sonm, = \/(—18.727)2 Spy, +2.641° xS

= J(=18.727) 0.907% + 2.641* x 1> =17.19 MPa.

Taking that, mathematical expectations for differ-
ent levels of stress &, , are in confidence intervals

SJ r
(Gu, +8:0,y —€), where g=Z "0 =337 MPa -

Jn

the margin of error for determination SGW’ at the confi-
dence interval § = 0.95 and accepted sample size.

The parameter m, which characterized the angle of slope
of the working surface of the direct fatigue of hooks of the
needle in semi-logarithmic coordinates, was determined

O_RllNZ _O—R«INI

by the formula m=—= =
1gN1 _lgNz

and after plugging the

authors received m = 18.6, which was within the permissi-
ble limits m = 10...100 [28].

Since the test testing is time consuming, its use at the
design stage is limited. It is proposed to use statistical
information on operating time for fatigue failure of hooks
of the needles in accordance with the results of observa-
tions for knitting mechanisms in the production conditions.
In accordance with operational observations, characteristics
of loading (amplitude of load and corresponding number of
cycles) were determined for the needles of two positions
(0—-1308 — with the long, and 01306 — with average length
of heel), which had different conditions of load. The num-
ber of loads of the needles of ¢ position (¢ = 1 — for the
needles 01308, g = 2 — for the needles 0—1306) before the
fatigue failure of their hooks was calculated by the formula:

N* =Ny xv, )
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— the number of identical units of load

T’I
where v{, =60~
t

of the needles of ¢ position before the fatigue failure of
hooks (equal to the number of piece goods, made during
the average longevity 7, of the needle of g position with
a steady duration of technological cycle ¢ in minutes);
N} = ZN,.‘? — total number of cycles of loads of the nee-
dles of ¢ position during the manufacture of piece goods,
which is equal to the sum of cycles of loads N/ of the
needles of g position at i level of load.

The calculation N}, was preceded by the analysis of
movement of the heel of the needle with regard to the cams
of knitting systems of automatic half-hose machines at the
manufacture during the production of various parts of the
product, taking into account the most common trajectories
of the heels of the needles in accordance with the techno-
logical requirements.

The formulas for calculation N/ of the needles on six
levels of load with the cams of knitting systems at the
actual operating speed are provided in Table 1.

s My My 1,0 71, MEAN the number of

toe’

In Table 1 oy M
looped rows on the spandex, ankle, foot, pockets of the
heel and toe areas, as well as on the technological rows;
x means the number of interactions between the needle
and the pitched cam (with a one-time interaction x = 1).

According to the results of calculations, it was received
Ny =837 x 107 and N;°" =477 x 107 cycles.

The actual load with the expressed regularity of the
alternation of different levels during the cycle of produc-
tion of piece goods was replaced by a block load, which
was equivalent as to the degree of accumulation of fatigue

Table 1 The formulas for calculation the cycles of load N7 of the
needles of positions 0-1306 and 01308

Interaction with pitched cams

For raising For lowering

a=38.0° a=475°

1* mode 4" mode

(V,=0.6 m/s) (V,=0.6 m/s)
= 4(”h/ + ntoe) n =2 (n,,, RO nme)

274 mode 5" mode

(V.= 11m/s) (V.= L.1m/s)

n371306 — n;)71308 — Kzn).p n271306 — n;]71308 — K1.33n:p

3 mode 6" mode

(V.= 13 mfs) (V.= 13 mfs)

e ng " =k (0.91n,, +1.12n, +2n,);

=K (1, 0, +2n,) nl ™ =k (0.91n,, +0.68n, +2n, )

ank

failure. In order to determine the law of distribution of
loads, the dependency (Eq. (2)) was presented in the form
of a polynomial, which was obtained with the use of com-
putational experiment. The resisting force //, was chosen
as the stochastic value; such resisting force varied widely
due to the arbitrary bending of the needle rods, their lap-
ping and lubrication rate.

The values of the upper and lower levels of each of the
variables were chosen to cover the whole range of perspec-
tive designs of knitting mechanisms, in particular: V_, m/s
(0.84; 1.55); @, degree (34; 55); m ,, kg 107 (0.45; 0.75); F ,
N (3.8;9.0); C,, N/m 10 (1.0; 6.0). Thus, it was obtained:

ymax:aIXF;+a2><F:"2+a3’ (6)

where @, = 0.149 = 2.119K ; a,=0.055; a, = 12.55 = 5.164V
— 0.4600 + 4.984 x 10°m_, + 20.829K — 1.142 x 10*C ,
+ 4395 x 10%a> + 5388K7 + 0182V, x «a
+6.892 x 107V x C +2.521 x 10%ax C .

After plugging the parameters of cams of knitting sys-
tem in (Eq. (6)) we have:

1. for cams that raising the needles (o = 38°)

V... =0.382F +0.055F> +3.062+4.166V,,  (7)

2. for cams that lowering the needles (o = 47.5°)

y. =0.509F +5.47x10°F>+3.29+5.891V. (8)

The resisting force /, under the actual operating condi-
tions is characterized by the following parameters:
1. during the interaction with the cam that lowering the
needle, we have mathematical expectation m, =6.4N
and mean quadratic deviation S, =0.56 N;
2. during the interaction with the raising cam -
m, =71Nand S, =0.58 N respectively.

Equations (7) and (8) are presented in a form
Vou =S V) that is convenient during the complex anal-
ysis of dynamics and loading of needles as the components
in longevity calculations. It is obviously that stochastic val-
ues y can be descripted by nonlinear equations and do not
obey the normal law of distribution. This requires a special
approach in determining the density of probability distribu-
tion of loads of needles p(y,_ ). In accordance with the pro-
visions of the probability theory [29], it was obtained

, ©

P (Do) = PLA (V) ¥[8 (V)

where g(y ), ¢'(v_) is a function that is inverse of a

max max

functiony = f(F) and its derivative.



Taking into account the Eq. (6), we have:

(Vo) =—0.50,a," ijl;‘)'s x 4 10)

q,(ymax):(zag.s XA) >
where 4= (0.2561126127l - (a3 ~ Vinax ))OA5 .

Plugging Eq. (10) in Eq. (9), we have:
1 -1
=—(2a,° x4
p(ymax ) \/ESF' ( 2 )
(11)

(—0.5611612’1 +a," x A—mFr)

25;

Xexpy—

The expression (Eq. (11)) makes it possible to construct
histograms p(y,__ ) of relative frequency for the appearance
of the values of the needle load for six variants accord-
ing to Table 1, and to use such histograms for compila-
tion of cyclogram of loading of the needle. The sequence
of the histogram construction (step diagram 2, presented
in Fig. 1) is presented for one of the modes of needles load,
namely 2" mode at « = 38° and ¥, = 1.1 m/c. In order to
construct the polygon (curve 1) of probability frequency
V.ax» the following dependencies were taken into account:

P (Vo ) >0, if V02500 a,' + 1y, > 4
P (Vo ) =0, if V0.25a]a;" +y,,. < A.

Next, the limits of load values y €[ y,.; Vi |» Which
had been calculated using Eq. (7), were split into / equal
intervals (in Fig. 1 / = 8), and using Eq. (11), the cor-
responding values of the function p(y,) were calcu-
lated at the limits of each interval. The probability P, of
reaching the loading amplitude y, at a certain interval
¥ e[yI—O.SAyk;yl—i-O.SAyk], where y, was the value
of load in the middle of the interval with the length
Ay, =(¥.. =¥, )/l » was determined by the graphical

p) py,) :\ hi~ P;
a =
Jaun B
A |

Ymin Ayk

VeV By o

Fig. 1 Distribution of probabilities of the appearance of values of load
p(») of the needle: curve 1 — the polygon of probability frequency y;
step diagram 2 — the histogram of loads
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method [29]. The heights 4, that were under the curve of
distribution p(y) on the interval from y, to y, . , were pro-
portional to the probabilities P,.

Similarly, the histograms for all modes of load of the
needles at different combinations of values V_and o were
obtained in order to construct generalizing cyclogram of
loading of needles before failure (a step-by-step diagram
with j x [ degrees of change y, where j was the mode of
load according to Table 1, and i was the interval in j mode).
The number of cycles of load N, with the amplitudes y , that
fell into the 7 interval during the j mode was determined by
the formula N, =P xN, where N, was the cycle longevity
of hook of the needle to the fatigue destruction during the j

S

mode of load. It was also considered that Y P =1.

i=1

In the transition to the cyclogram {c;N,}, Eq. (3)
was used. Obviously, the total number of cycles of nee-
dle load before the failure N, could be calculated as
N,=N;=)'N,.

Equivalent stress o which was the limited fatigue

equiv

of hooks of the needle o, , considering the number of
load cycles N, was determined by the formula:

N, [ o, "
o= 12
Gequlv Gmaxm \/Z [ Z N/,l. (Gmax j ] > ( )

where o

max

was the maximum value in the spectrum of
the true stress.

As a result, the following characteristics of resist-
ing force of fatigue of hooks of the needles 0-1306 and
0—1308 were obtained:

Gy =52.06 MPaat Ny™™" =477 x 107 cycles

(Ig Ny =7.68) - point 4 in Fig. 2;
Ory =4795 MPaat Ny =8.37 x 107 cycles
(g Ny =7.92) — point B in Fig. 2.

Let's compare the values of limited fatigue G, of
hooks of the needles, obtained in view of the results of
test testing and operational observations o-,‘ngf. Using
the equation of regression (Eq. (4)) at P=10.5 and U= 0
for fixed values of cycle longevity to fatigue failure of the
hook lg N7, we have:

Gy, =342 MPaat N, " =477 x 107 cycles

(Ig Ny "% =7.68) - point C in Fig. 2;
Gy, =49.6 MPaat N7 =837 x 107 cycles
(Ig N} =7.92) — point D in Fig. 2.
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ORuNi» MPa
5507 2 J
54.2
C
53.0 ~<\\
-~
52.06 2 T~
510 4 ~§\\ \\\
496 ~
490 ~_ 3
47.95
47.0 -
(
765768770 7.74 778 7.81 1.84 7.87 7.90 7.92 7.93
IgNi
[ ' L i ' I I ' L I |
W50 35 60 a5 70 75 80 83785
Ni~10

Fig. 2 Dependences of the limits of limited fatigue of the needle C,,
on its cycle longevity N;: 1 —according to the results of test testing;

2 —according to the results of operational observations

The corresponding values according to the results of
observations are 47.95 MPa and 52.06 MPa, which means
that the variation of results of tests for fatigue falls within
the interval Ao, , < 3.37 MPa that is within the lim-
its of confidence intervals. Consequently, with the accu-
racy that is enough for design, it is possible to use a dia-
gram o, \ = f (lg N ), which is constructed based on the
results of operational observations during the production,
in the calculations.

Obviously that the condition for fatigue longevity of the
needles for the number of load cycles N, which corre-
sponds to the given longevity 7' in hours, is considered
to be fulfilled if

o}
K, =—">[K_]. (13)
G,
equiv
Inorder to calculate the quantile of the normal distribution,
lg(O—Rle /O_equiv)
GlgN,
the expression for calculation of probabilistic statement of
coefficient of the factor of safety K_ =10""""

O\, 1s amean quadratic deviation of logarithm of longevity

we take into account that u, = , as well as

where

in cycles of load.

Taking into account the prospects for intensification
of technological processes, first of all due to the increase
of speed, it is rational to predict in the calculations
for advanced models of automatic half-hose machines
possible rebounds of the needles from the pitched cams
and their interaction with restrictive lateral cams, which
causes additional cycles of load of the needles.

In [30] the condition for rebound of needles is pre-
sented, and the corresponding circular speeds of needle
cylinder are set:

v, > F [tga(\m,xC, <K [(1-67/4r*) ~2h%m,, ).
(14)

Calculated by the expression Eq. (14), the circle speeds
V. > 1.64 m/s are critical to the rebound. In the presence
of rebound of the needles, the number of cycles of load of
the needle redouble (x = 2) in the formulas in Table 1.

The restrictive lateral cams are designed to restrict the
movement of separate needles outside the lower edges of
pitched cams in their inertial running. It is found that the
impact of the needle on a restrictive cam is impossible due
to its inhibition by the force F under the condition

v, <\2[AI<F, Jm,, ctga, (15)

where A is the value of the clearance between the lower
end of the needle and the working surface of the restrict-
ing cam. The value of the clearance, which prevents the
impact, is A=m,, (V,,)’ /2F, <[A]x10” mm .

The vertical component of speed of the needle during
the rebound V , at the moment of its impact with pitched
cam is determined by the formula:

F +2 ’
I/reb :I/HX 1+ 1_ r + mrth/st
I/stXCm’XKc

(16)

—-—(F. +2
KUXCrd( a thxmrd)’

where V= V tga is the speed of the needle with steady
motion along the cam. It is obviously that V, >V, .

In case of interaction of the needle with a limiting cam,
the impact load is calculated as

Vow = Vg moy xCly [(1-5%/4n%) - F,, (17)

where C!, is the reduced longitudinal and bending rigid-

ities of the needle during the straight vertical impact with
a limiting cam.

The main directions for the improvement of cams of
knitting systems at the minimization y_ are analyzed by
the Egs. (2) or (6). Since the speed modes V, = {V},,,...V,}
are set by the operating conditions, and the resisting force
F_is regulated, the angles of cams a and reduced rigid-
ity C  or C,, at a constant design of the needles are the
parameters of the impact on the value y__ .

The most common constructive solutions for reduc-
tion of y__ are provided in [16], where the advantages and
disadvantages of different designs of cams are presented,
as well as pointed out at the process of manufacturing and
at the functional reliability of the cams.

In order to analyze the influence of constructive mea-
sures, aimed to increase the cycle longevity of needles N,



it is convenient to use diagrams lg N, (a,Cn,), presented
in Fig. 3, and Ig ]Vl. (a,Vx) , presented in Fig. 4.
InFig.3ata=38° C =531 x10*N/mand ¥, =1.2m/s
we have IgN, = 7.83 or N, = 6.76:107 cycles of load;
inFig. 4ata=45° 7V, =12m/sand C =531 x10* N/m
we have IgN, = 7.50 or N, = 3.17 x 107 cycles of load.

Diagrams in Fig. 3 and Fig. 4 are expedient to use both
in the design and in the checking calculations.

//r/——'—

'\_ﬁ\\\\\ \

N7.83

75

S DSUI0

4-104
Crd, N/m

Fig. 3 Dependences of cycle longevity of the needle N, (Ig N, ) on the
angle of cam o and on the reduced rigidity C , (at V, = 1.2 m/s)

'/_/l/—

NN RN AR \
: _
N \\M\’\’\\\\\\\ \lgNi

N

I = =1 13T

1.2
Vx, m/s

Fig. 4 Dependences of cycle longevity of the needle N, (1g N,)on
the angle of cam o and on the circular speed of the cylinder V_
(at C ,=5.31 x 10* N/m)
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4 Results

A unified system of calculation of loads, loadings, fatigue
longevity and endurance strength of rod elements of com-
plex form on the example of knitting needles is developed.
The general description of density of distribution of ampli-
tude of loads that do not obey the normal law of distribution
is presented, the cyclograms of loading are constructed,
and the characteristics of loading of the needles are calcu-
lated. The results of forceful analysis in a uniform form of
a polynomial, as well as statistical data on the resource of
rod elements to fatigue destruction, have been used.

According to the results of calculations, the numbers of
loads before the fatigue failure of the needle hooks of differ-
ent positions Ny " =8.37 x 107 and Ny * =477 x 107
of cycles were obtained. According to the results of the
bench tests, the corresponding values of limit values of
limited fatigue of the needle hooks are &, , =49.6 MPa
and &, , =54.2 MPa.

In order to improve the accuracy of calculations of
loadings of the needles, the analysis of the conditions
for a possible rebound of the needle from the pitched
cam and its interaction with the restrictive lateral cam
is performed. It is found that in calculations of load-
ing of the needles at the circle speeds of the cylinder up
to V= 1.64 m/s the occurrence of repeated impacts is
impossible; and at ¥, < 1.71 m/s it occurs an interaction
with restrictive lateral cam.

The dependence of the limited longevity of the nee-
dle on the cycles of load to fatigue failure is described.
The Eq. (4) and (or) the diagram in Fig. 2 contribute to
the implementation of both direct checking calculations of
longevity and inverted ones, which are used to determine
the conditions of load with given operating time to failure.

Generalized dependences in Fig. 3 and Fig. 4 are pro-
posed for operational analysis of the influence of construc-
tive means, aimed to reduce the loading of the needles.

5 Conclusions

The results of the study make it possible to evaluate the
effectiveness of constructive and technological solutions
at the design stage quickly, and to select the best solution
among the possible ones to provide given fatigue longevity
of the needles with their constant design.

The relevance of the article is confirmed by the cur-
rent tendency in industrial production or modernization of
comparatively small number of equipment, which requires
a reduction in cost and duration of design and produc-
tion of pilot equipment, primarily due to the calculated
recommendations.
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In order to implement the calculations, it is necessary
to accumulate a sufficient database of failures of the nee-
dles in production, which will increase the accuracy of the
adopted recommendations.

Thereafter, the authors plan to work on calculations
for the rod elements, to estimate their fatigue longevity
in the probabilistic statement, considering the variation of
loads and strength characteristics of the material of the
needles, which in turn will increase the accuracy of pre-
diction of the longevity of the needles and analysis of their
residual life in production. The latter will contribute to the
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