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DYNAMICS OF STRESS IN THE NEEDLE OF A KNITTING
MACHINE WHEN INTERACTING WITH A WEDGE

Objective. The purpose of this study is to develop a method for assessing the influence of stiffness of
the needle-wedge pair of a knitting machine on the dynamics of stress that occurs in the needle rod when it
hits the wedge.

Methods. To resolve the tasks assigned for this study, modern methods of theoretical research based
on the theory of propagation of stress waves in flat rod elements under longitudinal impact were used.

Results. Given the expediency of increasing the life time of knitting machine needles by reducing the
stress that occurs during their interaction with wedges, this article is devoted to the development of a method
for assessing the influence of stiffness of the needle-wedge pair of a knitting machine on the dynamics of stress
that occurs in the needle rod when it hits the wedge. Thus, this paper presents a method of assessing the
influence of stiffness of the needle-wedge pair of a knitting machine on the dynamics of stress arising in the
needle rod during its shock interaction with the knitting system wedges. The analysis of obtained dependencies
showed that the needle-wedge pair stiffness affects the intensity of stress in the needle rod caused by the shock
wave. At the same time, the reduction in stiffness helps to reduce the intensity of stress in the needle rod. The
needle has a complex geometric shape. Therefore, when a needle hits a wedge, a complex field of stresses,
which depends on the geometric shape of the needle, arises in its body. Equations presented in this study
approximately describe the process of changing the stresses in the body of the needle when it hits the wedge.
However, the results obtained allow us concluding that reducing the stiffness of the needle-wedge pair has a
beneficial effect on increasing the life time of knitting needles.

Originality. The development of scientific foundations and engineering methods of designing knitting
machines.

Usefulness. An engineering method and algorithm for calculating the stresses in the needle of a
knitting machine, which arises when it interacts with the knitting mechanism wedges, are proposed. It has been
established that the life time of the needle can be increased by reducing the stiffness of the needle-wedge pair.
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Introduction. Operational efficacy of knitting machines, in particular the productivity and
quality of the fabric, largely depends on the needles life time [1, 2], which, in turn, depends on the
dynamic load that occurs in the zone of interaction between the needles and wedges of knitting
systems.

According to the studies [3], an effective way to reduce the dynamic load on the needle during
the knitting machine operation is to reduce the stiffness of the needle-wedge pair. However, the issue
of influence of the needle-wedge pair stiffness on the dynamics of stress that arises in the needle rod
has practically not been investigated, which, thus, creates certain problems for the knitting machines
design.

Task assignment. The subject of this study is a knitting machine needle and the process of
its interaction with the knitting machine wedges. To resolve the tasks assigned for this study, modern
methods of theoretical research based on the theory of propagation of stress waves in flat rod elements
under longitudinal impact were used.

Given the expediency of increasing the life time of knitting machine needles by reducing the
stress that occurs during their interaction with wedges, this article is devoted to the development of a
method for assessing the influence of stiffness of the needle-wedge pair of a knitting machine on the
dynamics of stress that occurs in the needle rod when it hits the wedge.

Study results. Studies [4-10] etc., showed that when a knitting needle hits a wedge, shock
waves of stress occur in its rod, which is one of the main causes of needles failure (needle hook
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destruction, etc.). At the same time, to determine the intensity of stress occurring in the needle rod,
the case of hard hit of the needle (rod) on the wedge is considered. In fact, when the needle hits the
wedge, there is an elastic impact caused by the stiffness of the needle-wedge pair.

When studying the issue of propagation of stress waves that occur at the moment of hit,
consider the rod, the diagram of which is presented in Fig. 1, a. The axis of the rod is taken as the X
axis. The hit force is added to the O point of the rod.

Initial data: for t=0 u=0; 2—1::0; boundary data (for x =0):

ou
EF —=-N({t), 1
5~ N0 1)
where u = u(x, t) is hit-impacted longitudinal movement of the cross section of the rod;
E is a modulus of normal elasticity of the rod material;
F is cross-sectional area of the rod;
g_u = ¢ Is relative elongation of the rod;
X
N(t) is hit-caused compression force of the rod.
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Fig. 1. Calculation model for the analysis of the propagation process
of an elastic longitudinal wave of stress in the knitting machine needle rod:
a — when the needle hits the wedge hard; 6 — with an elastic impact

Evidently: N(t)=0 for t<0.
The movement of the rod cross-sections, when hit, is described by a differential equation:
o%u o°u
Cr=art, )
ot OX
E . .
where a = \/: is the rod material sound speed;
P

o is the rod material mass linear density.
Suppose that a longitudinal wave propagates along the rod:

u=f(x—at) 3)
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which obeys Eq. (2).

Then, the rod cross-sections movement equation can be represented as:

ou
— = f'(x—at). 4
o = Fx-at) @)
Thus, solving Eq. (4) using the boundary conditions, we obtain:
EFf'(—at)=—N(t) (5)
From which:
ticat)=—NO. ©)

EF
Eq. (5) shall be presented as:

a EF
Or as:
d ¢ (Cap)=2N0) ©)
dt ~ EF
Eq. (6) can be solved by using the method of variation of an arbitrary constant by integrating:
faN(7) a |
f(-at)= dr = N :
Cat)=[“gdr =g [NHe ™
From which, we obtain:
t—gzo
f(x—at):% [Nz =u(xt) 0

0

Using obtained dependence (7), it is possible to find the longitudinal movement of the rod
cross-sections, when hit.
Let us now consider the case of a rod hit, given elastic properties (elastic impact) — fig. 1, 6.
When the rod hits, the longitudinal movement of its sections is determined so long as:
W =u(x,t)+v,t, or, given (7):
t-X>0
a a
W=— | N(zdz+V(t, (8)
o [NEHe

where W is hit-impacted longitudinal movement of the cross section of the rod (elastic
impact);
V, is the rod initial speed (hit speed).

The rod hit-caused stiffness force is found by the Eq.:
N(t)=cy(t) (©)
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where c is the rod stiffness in the hit are.

By substituting (9) into (8), we obtain:

t-%>0
W :a—; .!: y(r)jr+v0t.
Eq. (10) is presented as:
t
%0 y(2)dz +v,t = y(t)

By solving Eqg. (11), we obtain:
ac d
—yl{t)+v, =—ylt)
Y0, = o y0)
or:

By solving Eqg. (12), we obtain:

ac

EF o,
t)=— v, + AeEF
y() ac Vo + AE

(10)

1)

(12)

(13)

The A integration constant is found using initial conditions: for t =0 y(t=0):

A= Evo.
ac
By substituting (14) into (13), we obtain:

y(t)=Evo(1—eEFtJ.

ac

(14)

(15)

The rod stiffness force is found by substituting (15) into (9):

ac
N(t):Evo[—l+ eEth.
a

(16)

The stresses in the rod cross-sections, when hit, will make:

ac
O'(t)z w :EVO(—1+ eEt

F a

17)

Representing the needle in the form of a rod of piecewise variable cross-section [5], the value
of the maximum stresses o, in the cross-sections of individual sections I, of the rod is found by the

following Eq. (given that o(t), = o,,,, for tzz—li):
a

I’ max
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o =%(—1+ eEFi} (18)

Findings. The analysis of obtained dependencies (17), (18) shows that the stiffness of the
needle-wedge pair affects the magnitude of stress in the needle rod caused by the shock wave. At the
same time, the decrease in stiffness contributes to the decrease in the intensity of stress in the needle

rod.

As it is known, the needle has a complex geometric shape. Therefore, when a needle hits a
wedge, a complex field of stresses, which depends on the geometric shape of the needle, arises in its
body. Thus, obtained equations (17), (18) approximately describe the process of stress change in the
body of the needle when it hits the wedge. However, the results obtained allow us concluding that
reducing the stiffness of the needle-wedge pair has a beneficial effect on increasing the life time of

knitting needles.
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IJIEHIKO C. A., KOBAJIBOB 10. A.
Kuiscokuil hayionaneruil yHigepcumem mexunoao2itl ma ousauny, Ykpaina
JAUHAMIKA HAIIPY>KEHbD B I'OJILI B’SI3AJIBHOI MAIIIMHU
ITPA B3AEMO/III 3 KIMHOM

Mema. Memoto Oocniddicents € po3podka mMemooy OYiHKU GNAUBY HCOPCHIKOCHI NApU 207KA-KIUH
8 ’A3ANIbHOT MAWUHU HA OUHAMIKY HANPYIHCEHb, WO BUHUKAIOMb Y CIEPHCHI 20JIKU NPU YOapi O KIUH.

Memoouxa. IIpu eupiuienni 3a60anb, NOCMABLEHUX Y Yiti poOOmI, 6Y1U BUKOPUCMAHT CYUACH] Memoou
MeopemuyHUX 00CII0NCEeHb, WO 6A3VIOMbCA HA MeOPii NOWUPEHHS XEUTb HANPYICEHDb Y NIOCKUX CINEPAHCHEBUX
enemMenmax npu no300824CHLOMY YOapi.

Pesynomamu. Bpaxogyouu OoyinbHicmb RIOSUWEHH 008208i4HOCME pOOOMU 2010K 8 A3ANbHUX
MAWUH WTISIXOM 3HUNCEHHS HANPYICEHb, WO SUHUKAIOMb NPU iX YOApHill 63aemMO0ii 3 KIUHAMU, CMAMM
npuceaueHa po3pooyi Memooy OyiHKU 8NIUBY HCOPCMKOCTI NAPU 20IKA-KIUH 8 A3ANbHOI MAWUHU HA OUHAMIKY
HAanpysicensb, Wo GUHUKAIOMb Y CIEPHCHI 20aKU npu yoapi o kiuH. lIpedcmagnenuti memoo OYiHKU 6HIUBY
AHCOPCMKOCMI NAPU 20JKA-KIUH 8 A3ANbHOI MAWUHU HA OUHAMIKY HANPYIICEHb, WO GUHUKAIOMb Y CHPUIICHI
20IKU N0 4ac YOapHoi 63aeMo0ii ii 3 KIUHAMU 8 A3ANbHUX cucmeM. AHANI3 OMPUMAHUX 3aledCHOCHel,
NOKA3as, Wo HCOPCMKICMb NApU 20JKA-KAUH 8NIUBAE HA BETIUYUHY HANPYHCEHb 8 CIMPUNCHI 20NIKU, BUKTIUKAHUX
yoapHoto xeuero. Ilpu ybomy 3HUNCEHHS HCOPCMKOCMI CPUSE 3HUNCEHHIO BETIUYUHU HANPYHCEHb ) CINEPIHCHI
eonku. Tonxka mae ckraony eceomempuury popmy. Tomy npu yoapi 2oaxu 06 KiuH y ii mini 6UHUKAE CKIAOHe
noje Hanpysicetb, sKe 3a1encums 6i0 ceomempuynoi hopmu 2onxu. Ompumani pigHsAHHI 0AIOMb TUe desiKe
HAOMUMICEHHSL ONUCY NPOYeCy 3MIHU HANPYXICEHb 6 MmIinl 20aku npu yoapi ii 06 xkaun. OOHAK ompumaui
pe3yabmamu 00360410Mb  Oilimu UCHOBKY, WO 3HUNCEHHS HCOPCMKOCMI NAPU 2O0IKA-KAUH CHPUSMIUBO
BNIUBAE HA NIOBUWYEHHSL 00820BIYHOCTI 8 SA3ANLHUX 20JIOK.

Haykoesa nosusna. Po36umok HAYKOBUX OCHO8 MA IHHCEHEPHUX Memo0i6 NPOeKMY8aHHs 8 A3ANbHUX
MAwiuH.

Ilpakmuuna 3nauumicms. 3anponoHOBAHO IHICEHEPHUL MemoOd ma dAl2OPUMM  PO3PAXYHKY
HAnpysicensb 8 20Yi 8 A3ANbHOI MAUUHU, WO GUHUKAIOMb NPU 83AEMOOIT il 3 KIUHAMU MEXAHI3MY 8 SI3aHHS.
Bcmanoeneno, wo niosuwyernns 006208iuHOCHI 20JKU MOHCHA 00CASIMU ULTISIXOM 3HUNCEHHSL HCOPCMKOCMI napu
207IKA-KTIUH.

Knrouoei cnosa: 8’sa3anvna Mawuna, 20aKka;, KUK, HANpy2a 8 2oayi; HCOPCMKICMb NAPU 20KA-KIIUH.
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