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1. Introduction

One of the problems for producers of knitted
garments is to decrease the amount of faults (defects),
which occur when needle’s hook or heel breaks off, and to
stop machine as soon as possible. The existing defect de-
tecting devices could be divided into two main categories.
Those which react to production defects (holes) and those
which react to elements (needle, sinker) shape. These sys-
tems are very specific and do not give information about
knitting process. Usually these are optical or capacitive
sensors, but they do not give further information about
knitting process and the cause of defect.

An effective monitoring of the knitting process is
required in order to avoid defects. It is very important to
locate a defect and its cause as soon as possible, in order to
avoid productivity and quality losses. The new method for
knitting process control was proposed [1, 2]. According to
this method the yarn tension during knitting process is
measured. Deviation of yarn tension with defect could be
used to stop the knitting machine, when the yarn input ten-
sion falls below some limits. The new achievements in
mechatronics let to stop the machine quickly and exactly
[3]. Parameters, which influence tension variations, may be
initial yarn, threads input tension, speed of knitting, linear
density of the yarns, dynamic rigidity and viscosity charac-
teristics of the yarns.

In the above mentioned paper there were exam-
ined only polyester yarn. The influence of knitting process
parameters, linear density of threads [4] and mechanical
characteristics of yarns was not investigated.

The aim of this research was to study deviation of
tension during knitting with needle defect for different
threads with passive threads feeder unit.

2. Determination of main factors, having the greatest
influence on the thread tension with defect of needle

During the knitting process yarn tension varies
because of yarn sinking to the loop. When the needle‘s

hook or heel breaks off, yarn guide doesn’t lay the yarn on
the needle and tension decreases.

Experiments were carried out using sock knitting
machine “BABY” (14 gauge, 156 needles, diameter 3.5
inches) with passive yarn input device. Defects of the nee-
dles were simulated by taking out one needle, then after
twenty more needles taking out two more needles, and,
after twenty more needles, having one needle with broken
needle hook. So we hoped to find three points of tension
decrease during every turn of knitting machine cylinder.

The polyamide PA (29.4 tex), polyester PES (9.4
tex), textured PES (11 fex x 2) and Cotton (15.4 fex x 2)
yarns were investigated.

Experiments were carried out using the orthogo-
nal plan for three factors changing them on two levels (is
shown in Table 1). Maximum level of factors is plus,
minimum is minus.

Table 1
Experimental plan
NiX|X|X% | 5| X | X% | Xl oy,
L+ |+ |+ | + + + + |y
2.0+ |+ |+ - + - -]y,
3+ |+ - + - + - oy
4. | + + | - - - - + |y,
5.0 + S s + - - + ;5
6. | + N - - + - Ve
7.1 + S + + - - ¥,
8. | + - - - + + + |y

This plan is good due to the fact, that the low
number of tests (V=8) lets to determine a factor, having the
main influence on yarn tension decrease. The presented
plan lets to get the regression equation

y=b X, +bX, +b,X, +b,X; +D, X\ X, +b;X X5 +b X, X, (N

The coefficients were calculated as follows
Vi
b, :_ZN s N=8 (2)

Xy
b =¥ 3)

XX,

== @

where )_/ ; is the average value of drop off of thread input

tension with the plus or minus sign in reliance on factors X;
or X.X; signs in columns. The coefficients b values show
the influence of factors.



First factor X; was input tension 7 (changing
spring pressure of tensiometer).

Second factor X; was a speed v of knitting ma-
chine cylinder revolution (max, as it is used for knitting leg
and min speed was two times lower — as it is used for knit-
ting the heel of socks).

The third factor was linear density of yarns.

Input yarn tension 7 was registered by tensiome-
ter ELTENS FY-23 (resonance frequency — 205 Hz). A
graph of yarn tension was drawn by recorder H 339, which
is able to register 150 Hz frequency signal. As we can see,
the values of zero thread tension is on height of one cm in
all tenzogrammes.
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Some results of tests are shown in Fig. 1. These
are the real tenzogrammes, where the thread tension during
knitting with needle defects is recorded. In all Figures is
shown, what were the values of initial thread tension, yarn
feeding speed and linear density during this test. Scale of
tension for all graphs is 2 cN/mm. Scale of time for all
graphs is 0.02 s/mm.

The experiments were made with three pairs of
threads PES 9.4 tex and PA 29.4 tex, PES 9.4 tex and PES
11 tex x 2 and PES 9.4 tex and Cotton 15.4 tex x 2. The
results show, that in the all graphs there are observable
three defects. The calculated values of coefficients b are
shown in Table 2.
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Fig. 1 The drop off of threads tension during knitting with needle defects reliance on initial tension, yarn feeding speed and
linear density: a - 7 = min; v = max; PA 29.4 fex; b - T=min; v = max; PES 9.4 fex ; ¢ - T=min; v = max; PES 11
tex X 2 ; d - T=max; v=max; PES 9.4 tex ; ¢ - T=max; v=min; PES 11 tex x 2 ; f - T=min; v = max; Cotton 15.4
tex x 2 ; g - T==max; v=max; PES 11 fex x 2 ; h - T=max; v = max; Cotton 15.4 tex x 2



Table 2
Values of the regression coefficients
PES 9.4 tex PES 9.4 tex PES 9.4 tex
PA 294 tex PES 11 fexx2 | Cotton 15.4 tex x 2
by 5.87 5.75 5.87
b 3.62 3.25 3.12
b, 0.12 0.50 0.62
by 0.36 0.25 0.37
b -0.62 -0.25 -0.37
b3 -0.37 -1.00 -1.37
by -0.37 -0.12 -0.12

From Table 2 we can state, that the main factor,
having the biggest influence, is X, — thread tension; be-
cause results show, that the coefficient b, has higher value
than b, and b;. The interaction coefficient b3 has some
influence, because it is related with main X; factor. Knit-
ting speed and linear density have a smaller influence on
decrease of the yarn input tension.

From graphics it was noticed, that the deviation of
tension reduction is not very big in comparison with the
average value of maximum tension. In Table 3 for this rea-
son is shown the average thread stress reduction value,
calculated in percentage of the average maximum thread
tension value.

Table 3
Reduction of tension in percentage of average maximum
thread tension

Values | Decreasing, | Decreasing,
Threads at ten- % %
sion T' v = min v = max
PA 29.4 tex Toin 43 40
PA 29.4 tex T e 36 25
PES 11.4 texx 2 Toin 57 40
PES 114 texx2 Tax 40 31
PES 9.4 tex T iin 50 33
PES 9.4 tex Toax 38 29
Cotton 15.4 tex x 2 Toin 31 28
Cotton 15.4 tex x 2 Tonax 22 23

The results show, that reduction of tension in per-
cents is higher, when the input tension has min level 7,,,,
and lower, when the input tension has max level 7,,,, in all
cases. The small influence of knitting speed on reduction
of tension also can be observed. The min influence of
speed can be explained by the process having longer time
for the decrease of tension.

Cotton yarn had the smallest reduction of input
tension. This case shows, that the reaction of Cotton differs
from PA and PES yarn.

Further the experiments were made to determine
dynamic rigidity and viscosity characteristics for threads,
having good (PES) and bad (Cotton) reaction to the needle
defect.

3. Dynamic experiments

Results of the past experiments show, that differ-
ent yarns had particular yarn input tension under the same
knitting machine parameters. It means, that yarn behavior
during loop formation process depends on the yarn me-
chanical properties. For this investigation, yarn dynamic
experiments were made with the frequency as in the knit-
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ting machine, small stretching adequate the loop length and
different initial yarn tension value P, [5 - 8].

Threads tension during knitting is varying till
10 cN, but at the moment of the loop formation it can be as
much as three times bigger. For this reason the dynamic
characteristics were investigated using 10 cN, 20 cN and
30 cN initial tension Py

Experiments were carried out using the cyclic ten-
sion device (Figs. 2 and 3) which jaw moves by sine law.
The yarns affect power sensor which was modified from
ELTENS power sensor head. This enabled to get yarn ten-
sion signal F' with different amplitude F, and phase o .
This information can be found from experimental graph.
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Fig. 2 Curves of yarn tension

Experiments were made in these conditions:
Maximum amplitude 2/, - 4 mm;

Specimen initial length /,, — 0,5 m;

Cyclic frequency w— 1,4 s7';

Ay - cross-section area of yarn, mm?;

T — linear density of yarn, tex.

Dynamic rigidity modulus for 0.5 m length of the
yarn was calculated using this formula
C, = F, /I, cN/mm 5)

Dynamic viscosity modulus was calculated using
this formula

n=Fl

a’m

sind / (I, A,w), Ns/mm’ (6)

Dynamic viscosity modulus formula for mass unit

n = F,|l sin /(I, wT), Ns/tex (7

The aim of these experiments was to investigate
dynamic rigidity and viscosity modulus for threads with
the same linear density. The tests were made with polyes-
ter PES thread, having linear density 13.3 tex and Cotton
yarn with linear density of 13.1 tex. This enabled to com-
pare results which are shown in Figs. 4 and 5.

The results of dynamic experiments show, that ri-
gidity and viscosity modulus for polyester threads were
higher, when the initial tension was small (10 c¢N) and
lower, when initial tension was 20 cN. For cotton yarns
rigidity and viscosity modulus were lower, when the initial
tension was small (10 cN) and higher, when initial tension
was 20 cN.



Fig. 3 Cyclic tension device
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Fig. 4 Dynamic rigidity modulus range

The results show, that dynamic rigidity and vis-
cosity modulus of cotton yarn and polyester thread are dif-
ferent, when initial yarn tension is 10 cN and similar, when
initial yarn tension is above 20 ¢N. It explained, why Cot-
ton yarns had not observable reduction at tension 7 during
knitting.
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Fig. 5 Range of dynamic viscosity modulus for mass unit

In the socks knitting machines with passive yarn
input devices yarn tension is not very high. So, behavior of
different type yarns will be different in these machines.

4. Conclusions

1. The coefficients of regression equations, calcu-
lated from the results of experiments plan, which were
obtained by measuring thread tension reduction, showed,
that the thread tension during knitting has the biggest in-
fluence when reacting to needle defect. Speed of the thread
has less influence and linear density of the thread has frac-
tional influence, when reacting to needle defect.

2. It was determined, that the average reduction of
thread stress in percentage is higher, when given knitting
speed and thread tension is low. Low value of tension re-
duction in percentage shows weak reaction of threads to
the needle defect. Cotton yarn had the smallest reduction
of thread tension, than PES yarn.

3. Decreasing of the input tension depends on me-
chanical characteristics of threads—dynamic rigidity and
viscosity.

4. The results of experiments show, that reaction
to a defect of the needle for the investigated threads can be
well observable with increasing knitting tension over
10 cN till 20 cN, because the rigidity and viscosity in that
case is similar for synthetic PES thread and Cotton yarn.

5. Passive input feeding did not guarantee, that for
all threads during knitting with needle defect the reaction
of tension will be noticed.
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R. Ciukas, D. Sadauskas

MEZGIMO PROCESO STABILUMO KONTROLE
APSKRITOJE MASINOJE SU PASYVIU SIULO
TIEKIMU

Reziumé

Mezgant biitina kontroliuoti ir paSalinti mezgimo
defektus. Esantys optiniai, mechaniniai jtaisai reaguoja |
sitilo trikimus, adaty kulniuky, kabliuky, liezuvéliy lizius,
mezginiuose atsiradusias skyles, taciau jie neteikia jokios
informacijos apie mezgimo procesa, todél tuo tikslu buvo
pasitilyta matuoti imezgamo siiilo iraza.

Mezgimo metu luzus adatos kabliukui, kulneliui
sitilas kilpos nesudaro, todél siiilo itempis sumazéja. [tem-
pio sumazéjimas priklauso nuo siiilo tiekimo biido, sitilo
statinio jtempimo, mezgimo greicio, ilginio tankio bei sitily
mechaniniy charakteristikuy. Siame darbe imituojant adatos
defektus buvo nustatyta, kad didziausia itaka siiilo itempio
sumazéjimui, esant pasyviam siilo tiekimui, turi jmezga-
mo sitllo jtempis. Mezgimo greitis bei sitily ilginis tankis
zymios jtakos siiilo jtempio sumazéjimui neturéjo. Nagri-
néjant sitly itempio sumazéjima procentais nuo vidutinés
maksimalios irazos gauta, kad itempio sumazéjimas dides-
nis esant mazam mezgimo greiciui ir mazai siiilo {razai
tirtiems poliesteriniams, poliamidiniams siiilams ir med-
vilniniams verpalams. Medvilniniy verpaly jtempio suma-
z¢jimas 1 adatos defekta visais atvejais buvo mazesnis uz
kity tirty sidily.

Stende atlikti dinaminiai bandymai nustatant po-
liesteriniy ir medvilniniy sitily standuma bei klampuma
parodé, kad medvilniniy verpaly moduliai maZesni uz po-
liesteriniy sitily esant 10 cN sitilo irazai ir susilygino esant
irazai nuo 20 cN iki 30 cN.

Tai leido paaiskinti, kodél medvilniniai verpalai
turi maziausia reakcija i adatos defekta esant mazam tie-
kimo jtempiui.

R. Ciukas, D. Sadauskas

CONTROL OF THE STABILITY CIRCULAR
KNITTING PROCESS WITH PASSIVE YARN
FEEDING

Summary

During the knitting process it is important to cont-
rol and detect defects and quickly remove them. Existent
optical and mechanical devices react to broken threads,
hook, butt, latch of needles, holes of fabrics, but they do
not give any information about knitting process.

For this aim the method of measuring threads ten-
sion during knitting was proposed. When the needle hook,
heel, latch are broken, the yarn tension decreases. This
reaction depends on yarn feeding method, static thread
tension, knitting speed, linear density and mechanical
characteristics of threads.

In this paper, the research of needle defects during
knitting with passive yarns input was made and it was de-
termined, that the biggest influence on reducing threads
tension to defect had input tension. The influence of knit-
ting speed and linear density was small. Reducing yarn
tension in percentage of average maximum tension

showed, that the decrease of yarn tension is higher when
the speed of knitting and tension is smaller for the investi-
gated polyester, polyamide and cotton threads. Decrease of
tension for cotton thread in all cases was less than for other
investigated threads.

The results of experiments for the determination
of dynamic rigidity modulus and dynamic viscosity
modulus show, that both values of modulus for cotton
yarns were lower than polyester threads, when the threads
tension was 10 cN and were similar at tension values from
20 cN till 30 cN.

That enabled to explain, why the Cotton yarn
have least reaction to the needle defect, when the yarn in-
put tension during knitting was small.

P. Urokac, 1. Cagayckac

KOHTPOJIb ITPOLIECCA CTABMJIBHOCTU
BASAHWA HA KPYTJIBIX MAILIMHAX C
YCTPOUCTBOM MTACCUBHOMU HUTETIOJAYUN

PezomMme

Bo Bpems BsizaHHsT HEOOXOJMMO KOHTPOJIHPOBATH
W YCTpaHATh IeQeKThl Ba3aHus. CyliecTByIOIINE ONTHYe-
CKHE, MEXaHWYeCKHE YCTpOiicTBa pearupyloT Ha oOpbIB
HUTH, MOJIOMKH NATOK, KPIOUKOB, SI3bIYKOB HIJI, BOSHUKHO-
BEHHE [bIp, HO OHM HE JAI0T MH(OpMaIWHK O IpoIecce
BSI3aHMSA, TTO3TOMY OBUIO MPEUIOKEHO M3MEPSTH HaTsDKe-
HUE NIPOBA3BIBAEMON HHUTH.

IIpu moyoMKe Kproyka, IATKA BO BPEMS BS3aHUS
HUTh METIUM HE NPOBSA3BIBAECT M TOTAA HATSHKCHHE HHUTHU
najaeT. Y MEHbIICHUE HATSKEHUST HUTH 3aBUCUT OT METO-
Jla TI01a4y HUTH, CTaTUYECKOTO HATSDKEHHSI, CKOPOCTH Bsl-
3aHMSl, JIMHEHMHOW IIOTHOCTH, MEXAHUYECKUX XapaKTepHU-
CTHK HUTU.

B mnpencrasieHHoi paboTe UMHTHPYS IE(QEKTHI
uriel OBUIO OIpenesieHO0, YTO HauOoJbllee BIMSHHE Ha
YMEHBIIEHUE HATSHKEHUS! HUTH IIPH TACCUBHOW HHUTENOJa-
4ye OKa3bIBacT HaTshKeHWe HUTH. CKOPOCTb BS3aHUS W JIU-
HeilHas MJIOTHOCTh HUTH 3aMETHOIO BIIMSHHUS HE UMEET.
YMeHbIIEHHE HATSKEHUS HUTH B IPOLIEHTAX OT MAaKCH-
MaJIbHOTO HaTSHKEHHs OOJIBILE MPU MaJIOW CKOPOCTH Bsi3a-
HUS M MEHBIIEM HATSDKEHUM [UIL HCCIENYyEMBIX IIOJH-
3(UPHBIX, MOJMAMHIHBIX M XJIOMYATOOYMaXKHBIX HUTEH.
YMeHbllIeHHe HATSDKEHUS! XJIOMYaTOOYMa)KHOM HHUTH Ha
JedeKT Uribl BO BCeX Cilydyasx ObUIO MEHbIIE YeM APYrHX
HCCIIelyeMbIX HUTEH.

JluHaMudeckrue MCHBbITaHHUS MPOBEIEHBI HA CTEH-
Jie C LIETbI0 ONpPEEeNICHUs] MOAYJIEN KECTKOCTU U TeKyde-
CTH OMMA3(GUPHON U XJIOMIaTOOYMaXHOW HUTEH MOKa3aJIH,
YTO MOZIYJIM XJIONTOOYMa)XHOW NMPSKM MEHBIIE YeM MOJIH-
a¢upHOH npu HaTsoKkeHH: B 10 cN ¥ IpUMEpHO paBHBI C
20 cN mo 30 cN.

OT0 MO3BOJMIO OOSCHHUTH, IIOYEMY XJIOMYATOOY-
MaXkHasl IpsDKa MMeeT HAaMMEHBIIYIO PeakLHIo Ha Je(eKT
UTJIBl TIPH MaJOM HaTSHKEHUH HUTH.
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