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DEPENDENCE OF KNITTING MACHINE OPERATION
DURABILITY ON NEEDLE DESIGN

Task. This research is focused on the accelerated durability testing of existing needles (item 0-388) of
KO-type circular knitting machines and new needles suggested by the authors (Utility Model Patent of Ukraine
No. 69369, 2012), and assessment of needle design effect on knitting machine operation durability.

Method. Up-to-date methods of theoretical and experimental research were applied when conducting
this research and solving its tasks. When analyzing the needle design effect on operation durability, an up-to-
date accelerated testing technique for knitting machine needle durability was applied using a previously
installed unit.

Results. Operative parts of knitting mechanisms in a knitting machine are among the most critical
elements that determine a knitting machine efficiency (machine productivity and quality of knitted fabric). The
efficiency of knitting machines (productivity and quality of knitted fabric) largely depends on the faultless
operation of critical parts in a knitting mechanism, particularly, the needles. When trying to increase the
efficiency of knitting machines, special attention is paid to higher durability of needles as one of the pending
problems in knitting machinery. The article considers analyzing the accelerated testing results of knitting
machine needle durability: item 0-388 needles and a new design suggested by the authors, namely needles
with grooves in the base and middle of the heel. The paper examines the influence of needle design on durability
of its operation and confirms the feasibility of using new design needles in KO-type circular knitting machines
instead of existing item 0-388 needles. The presence of grooves and an additional groove makes it possible to
dampen the impact stress waves that arise in the body of the needle and to reduce their advance intensity from
the heel to the hook and the latch holding unit. The analysis of research results led to the conclusions that the
used technique and the accelerated testing unit for knitting machine needle durability make it possible to
quickly and reliably assess the influence of the needle design on its operation durability.

Scientific novelty. Development of scientific basis and engineering methods to design knitting
machines.

Practical relevance. The new needle design with grooves in the base and in the middle of the heel
suggested by the authors (Utility Model Patent of Ukraine No. 69369, 2012) is functional and reliable in
operation; the new needle design is almost 3.5 times more durable than that of existing item 0-388 needle.

Keywords: knitting machine; knitting machine needle; needle design; needle failure; accelerated
needle durability tests.

Introduction. The efficiency of knitting machines (productivity and quality of knitted fabric)
largely depends on the faultless operation of critical parts in a knitting mechanism, particularly, the
needles [1...9].

One of the main drawbacks of knitting machines is significant dynamic loads in the zone of
impact interaction between needles and wedges, which adversely affects their operation durability
[4-T7]. At the same time, their design features play a significant role in the durability of needles and
wedges [1, 7]. Therefore, the issue of design influence assessment in a knitting machine operative
parts on the durability of its operation is considered relevant and timely.

When trying to increase the efficiency of knitting machines, special attention is paid to higher
durability of needles [4, 5] as one of the pending problems in knitting machinery.

Setting objectives. The object of research focused on accelerated testing of needle durability
in a KO-type circular knitting machine and to evaluate the efficiency of new needles suggested by
the authors. Up-to-date methods of theoretical and experimental research were applied when
conducting research and solving the tasks set in this paper. The task of the research was accelerated
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durability testing of existing needles (item 0-388) in KO-type circular knitting machines and needles
of a new design [10], and assessment of needle design effect on durability of its operation.

Research results. When analyzing the needle design effect on operation durability, an up-to-
date accelerated testing technique for knitting machine needle durability [2, 3] was applied using a
previously installed unit, the scheme of which is featured in fig. 1 [2].

2

Fig. 1. Needle with grooves in the base and in the middle of the heel

The new needle suggested by the authors (the object of research to evaluate its operation
efficiency in KO-type circular knitting machines instead of the existing needles, item 0-388) is
featured in the figure.

The needle consists of rod 1 with hook 2 and tongue 3 at its one end, shank 4 with heel 5, the
bases of which contain grooves 6 and 7, at its other end, and an additional rectangular-shaped groove
8 located in shank 4 coaxially with heel 5.

The operation principle of the needle is as follows. When the circular knitting machine is
turned on, the needles installed in the needle cylinder of the knitting mechanism (not shown in Fig. 1)
start to rotate. At the same time, heel 5, interacting with the wedges of the knitting mechanism (not
shown in Fig. 1), ensures the reciprocating movement of the needle in the needle cylinder groove.
Hook 2 and tongue 3 of rod 1, interacting with the yarn and loops of the knitted fabric, perform the
process of looping, which is required to obtain the knitted fabric. The interaction of heel 5 with the
wedges causes a shock pulse, which creates impact stress waves in the body of the needle. Grooves
6, 7 and additional groove 8 make it possible to extinguish the impact stress waves arising in the body
of the needle, and to reduce their spread intensity from heel 5 to hook 2 and tongue unit 3. The
dimensions of grooves 6, 7 and additional groove 8 may be selected if the uniform strength of the
needle elements and their efficiency are maintained:
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¢=(05..0,7)h; A=(045..0,2)h; 1=(0,4..05)b, (1)

where ¢ is the distance of additional groove from the end of the heel;
h is the heel width;

A s the width of grooves and additional groove;
| is the groove length;
b is the shank width.

As already noted above, during the experiment, item 0-388 needles and new needles made
from the same lot of item 0-388 needles. Unlike the well-known needles (item 0-388) used in KO-
type circular knitting machines, the suggested needle additionally contains grooves at the base of the
heel and a groove located in the middle of the heel on its back side. At the same time, considering the
recommendations (1), the operation parameters of the new needle were applied: the depth of grooves
at the base of heel is 1.8 mm; the depth of groove in the middle of the heel is 4.5 mm; the width of
all grooves is 0.5 mm.

Conditions of the experiment:

- 28 item 0-388 needles and 28 needles with grooves of the specified parameters, made from
the same batch of item 0-388 needles;

- in all experiments, the mode of unit operation for accelerated needle testing remained the
same and was controlled by appropriate devices;

- the accepted probability of experiment results is & = 0,95.
The obtained research results are shown in table. 1, 2.

Table 1
Results of accelerated durability tests of knitting machine needles (item 0-388 needles)
Durability of Number of result Error of individual
needles, repetitions, niTi measurements, ni (AT1i)?
Tii, ¢ Ni ATii
32 1 32 7.28 52.99
33 3 99 6.28 118.32
35 2 70 4.28 36.63
36 3 108 3.28 32.27
38 2 76 1.28 3.27
39 3 117 0.28 0.23
40 2 80 -0.72 1.04
41 2 82 -1.72 5.91
42 3 126 -2.72 22.19
43 2 86 -3.72 27.67
44 3 132 -4.72 66.83
46 2 92 -6.72 90.32
n=28 > 1100 > 457.67

Processing of accelerated testing results for durability of item 0-388 needles (Table 1) was
performed in accordance with the following method [11]:
— the average value of needle durability:

nT.:
Z 1100 _ 59 o8 )
n 28

T, =
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— the mean squared error of measurement results:

2 AT f 45767

- : 3
2828 1) 0,78¢; 3)

— limits of the confidence interval:

K, Y 196 2
AT, = (taA81)2+(T“yj = (2,09-0,78)2+[’T-0,785J “171c, (4)

where t, is Student's coefficient; at « = 0,95 t, =2,09 [8];
K, =t,(n—0)=196 [g];
y is the error of measuring device,

BT, 2-39,28

= = =0,785¢; 5
" =100% 100 ®)
B =2% [3];
— relative error of a series of measurements:
&= AT 10096 = 211009 = 4,35%. (6)
T 39,28

1 ’
The final result for accelerated testing of item 0-388 needle durability is as follows:

T, =T +AT, =(39,28 +1,71)c. 7)

Table 2
Results of accelerated durability tests of knitting machine needles
(new needles; Utility Model Patent of Ukraine No. 69369, 2012)

Durability of Number of result 0T, Error of individual

needles repetitions L measurements ni (AT2i)?2
T2, ¢ ni NiT2i AT
121 1 121 15.18 230.43
123 2 246 13.18 347.42
125 2 250 11.18 249.98
127 2 254 9.18 168.54
130 2 260 6.18 76.38
133 3 399 3.18 30.34
135 1 135 1.18 1.39
137 2 274 -0.82 1.34
140 3 420 -3.82 43.78
141 2 282 -4.82 46.46
143 2 286 -6.82 93.02
146 3 438 -9.82 289.29
148 1 148 -11.82 139.71
150 2 300 -13.82 381.98

n=28 > 3813 > 2100.06
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The processing of experiment results is performed similarly using dependencies (2)...(7):
T,=13618c; AS, =2,77c; AT,=6,05¢; ¥ =2,723¢; &, =4,44% .

Then the final result of accelerated durability testing of new knitting machine needles is as
follows:

T, =(136,18+6,05)c.

The coefficient of efficiency (increased durability) of new needles in comparison with the
existing needles used for KO-type circular knitting machines is as follows:

T, 13618
Nn===—-—=

2 - =347
T, 39,28 '

(8)

Conclusions. Analyzing the research results, the following conclusions can be made:

— the used methodology and unit for conducting accelerated tests of knitting machine needle
durability make it possible to quickly and reliably assess the influence of needle design on its
operation durability;

— the new design of needle with grooves in the base and in the middle of the heel suggested
by the authors (Utility Model Patent of Ukraine No. 69369, 2012) is functional and reliable in
operation;

—the new design of needle is almost 3.5 times more durable than the existing designs of the

needles of pos. 0-388.
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IVIEHIKO C. A, KOBAJIBOB 10. A.
Kuiscokuii hayionansHuil yHigepcumem mexHoaocii ma ouzauty, Ykpaina
3AJIEXKHICTD JJIOBI'OBIYHOCTI POBOTH B'SI3AJIBHOI MAILIMHU
BIJI KOHCTPYKIII T'OJIKA

Mema. 3as0annsam 0ocaiodicenb CManu NPUCKOPeHi 6Unpody8ants 0082068IHHOCHI pOOOMU ICHYIOUUX
20110k (no3. 0-388) xkpyenos’sazanvruux mawun muny KO i nosux, 3anpononoganux asmopamu, 2oiox (Ilam.
Yxpainu na xopucuy moodenv Ne 69369, 2012 p.) ma oyinka eniugy KOHCMPYKYIi 201KU HA 008208iUHIiCMb T
pobomu.

Memoouxka. [Ipu npogedenti 00CiodiceHb Ma BUPIULeHHT 3a80aHb, NOCMABIEHUX Y OaHil pobomi, 6yau
BUKOPUCMANT  CYYACHI MemoOu MeOopemuyHux i eKcnepuMeHmanvHux oocaiodxcenv. Ilpu npoeedeni
00CI0HCEHb 8NIUBY KOHCMPYKYIT 207IKU HA 0068208IUHICMb i poOOmU OYaU BUKOPUCTAHT CYUACHA MEMOOUKA
NPUCKOPEHUX 8UNnpoby8anb 008208iYHOCNI pOOOMU 200K 8 A3ANbHUX MAWUH Ma pauiue pospodieHa
YCMAaHO8KA.

Pezynomamu. Poboui opeanu Mexanizmie 6 ’s3aHHs 8 A3ANbHUX MAWUH BIOHOCAMbCA 00 HAUOIIbLU
BI0N0BIOANLHUX eNleMeHmiB, W0 3yMOBIOI0Mb epexmusHicmb podbomu 8 SA3aNbHUX MAUUH (NPOOYKMUBHICHb
Mawiun ma AKicms MpuKomaxicHo2o noromua). Egexmusnicmo pobomu 6 ’si3anbnux mawiun (npooyKmueHicmy
ma SAKIiCmb MPUKOMAICHO20 NOJOMHA) 6 3HAYHIU MIpI 3aiexicumsb 6i0 OOCKOHANOCMI POOOUUX OpPeaHi8
Mexanizmy 8 's3auHs, 30Kpema 2on0k. Ipu eupiuwienni numars niosuuenns echekmueHocmi pooomu 8 ‘s3a1bHux
Mawun 0codauea yeaza NPuoIsAEmbCs NIOGUUWECHHIO 0082068IYHOCII poOOMU 20JI0K, WO € OOHIEW I3
AKMYAnbHUX NPOoOAEM MPUKOMANCHO20 MAwUuHoOyoyeanus. Cmamms NPUCBSYeHa po32asdy md aHaunizy
Ppe3yibmamie NPUCKOPEHUX 8UNPoOYsansb 008208I4HOCMI pOOOMU 20/10K 8 A3ANbHUX MAWUH: 20aKku no3. 0-388
ma HOBOI KOHCMPYKYIL, sIKA 3aNpONnOHOBAHA ABMOPAMU, A came 20JKU 3 NA3aMU Y OCHO8U mMa Nocepeouni
n’amku. B pobomi docniodiceno 6naus koHcmpykyii 2onxu Ha 008208iuHicmy il pobomu ma niomeepodicena
OOYINbHICMb BUKOPUCARHS 2010K HOBOI KOHCMPYKYii 6 Kpyenoe azanvHux mawunax muny KO 3zamicme
icnyroyux eoaox no3. 0-388. Hasenicme nasie ma 000amxoso2o nazy 00380J5€ NO2ACUMU YOAPHI XU
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HANPYIHCceHsb, U0 BUHUKAIOMb NPU YbOMY 8 Mili 20KU, | 3MEHWUMU IHMEHCUBHICMb iX PO3NOBCIOONCEHHS 810
n’amKu 00 KpruKa i 6y31a KpinjeHHs s3uuka. AHaniz pesyaibmamis 00CHiodNcenb npueie 00 GUCHOBKIE, U0
BUKOPUCMAHI MEMOOUKA MA YCMAHOBKA OJisl NPOBEOEHHs NPUCKOPEHUX BUNPOOYBAHb 008208iUHOCII pobOmMU
20/I0K 8 SA3ANbHUX MAWUH OAIOMb MOJICIUBICIb ONEPAMUBHO MA 00CMOBIPHO OYIHUMU BNAUE KOHCMPYKYIL
20IKU HA 008208i4HICMb iT pobomi.

Haykoea nosusna. Po36umox HAYKOBUX OCHO8 MA [HH#CEHEPHUX Memo0i6é NPOeKmy8aHHs 8 A3ATbHUX
MawiuH.

Ilpaxmuuna 3nauumicms. 3anpononoana aemopamu H08a KOHCMPYKYIA 20KU 3 NA3AMU Y OCHOBU
ma nocepeduni n’amxu (Ilam. Yxpainu na xopucny mooens Ne 69369, 2012 p.) npayezdamua ma Hadiika 6
pobomi; a HO8a KOHCMPYKYIs 207KU Matiice ¥ 3,5 pasu Oinbus 008208iUHIUA, HIJC ICHYIOU] KOHCIMPYKYIT 20/10K
nosz. 0-388.

Knwouogi cnosa: 8’a3anvha Mawuna, 201Ka 6 s13a16H0i MAUWUHY, KOHCIPYKYIS 20KU, 8IOMO8A 207IKU,
npucKopeti unpoOysanHs 008208iYHOCIE pOOOMU 20/I0K.
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