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RESEARCH OF EXTENSIBILITY OF RACKED STITCHES

Purpose. The purpose is to conduct the research of influence of knitting’s technological
parameters on the relaxation characteristics of racked stitches based on rib, half cardigan and full
cardigan.

Methodology. Theoretical, analytical and experimental research methods are used in this
work. The researches have been conducted by the procedure in accordance with the State Standard
of Ukraine 3823-98 "Knitted fabrics. Norms and method of quality inspection”.

Results. Influence of the number of racking of the needle bed on physical mechanical
properties of racked stitches has been revealed. Mathematical regression equations to calculate the
full deformation of racked stitches have been obtained depending on knitting’s technological
parameters.

Scientific novelty. It has been established that the number of racking of the needle bed is an
important technological parameter that significantly affects the extensibility properties of racked
stitches. Mathematical relationships of full deformation have been obtained depending on the
number of racking of the needle bed, linear density of the yarn and sinking depth.

Practical value. Character of the influence of knitting parameters on a full deformation on
width and length of racked stitches based on rib, half cardigan and full cardigan has been
established. Technologic parameters of racked stitches for manufacturing of high quality knitted
fabrics according to the extensibility characteristics has been recommended.

Keywords: weft knit, racked stitches, physical mechanical properties, extensibility of knitted
fabrics, the number of racking of the needle bed.

Introduction. Modern technologies allow to change designs, patterns areas, interlooping
and to manufacture a wide assortment of knitted goods on knitting equipment easily, without huge
efforts and time spending.

The research and determination of the properties of knitted fabrics are important when
designing competitive knitted goods. Racked stitches is interesting and promising in terms of the
search for new artistic solutions for knitted fabrics and goods. It is important to know the properties
of racked stitches based on rib, half cardigan and full cardigan for their further use [1, 2].

Objectives. Stretching properties of knitted goods is one of the main physical mechanical
characteristics to assess the quality of knitted fabrics. Determination of the relaxation characteristics
of textile fabrics in case of stretching is important to assess their shape stability and elastic
properties.

Therefore, the influence of knitting’s technological parameters on the relaxation
characteristics of racked stitches based on rib, half cardigan and full cardigan is important for
evaluation of the quality and prediction of the properties of knitted fabrics.

Results of research. Racked stitches is called double weft knit where its loops instead of
being drawn through the preceding loops of their own wales are drawn through the loops of
neighbouring wales and as a result, there is a crossing of loop carcasses. The kind of knit is
produced by shifting the face loops of double weft knit in respect to the back loops over one and
sometimes more loop spaces to one or the other side [3,4]. During the use, knitted goods receive
significant load. To assess deformation properties of racked stitches, full deformation and its
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components have been established. Correlation of the components of full deformation indicates

mechanical properties of the fabrics.

The research results of an extensibility of knitted goods with base stitches and racked
stitches under loads less than breaking ones depending on the number of racking of the needle bed

are presented in Table.

Table 1
Extensibility of racked stitches
Number deformation on lengthwise deformation on widthwise
of Full Elastic, | Plastic, | Residual, Full Elastic, | Plastic, | Residual,
racking | deforma | &1, % &, % &3, % deformat e1, % &2, % &3, %
of the tion, ion,
needle e, % e, %
bed
Racked stitches based on rib
0 84 62 7 15 250 178 24 48
1 97 67 7 23 111 58 10 43
2 84 62 6 16 107 83 8 16
3 80 58 6 16 63 52 4 7
4 85 57 11 17 56 45 5 6
5 92 68 8 16 56 44 3 9
6 95 70 9 16 53 43 3 7
7 90 63 8 19 49 38 6 5
Racked stitches based on half cardigan
0 107 82 15 10 153 107 25 21
1 135 83 28 24 83 60 9 14
2 97 72 12 13 72 54 10 8
3 93 63 12 18 68 48 11 9
4 72 55 9 8 55 43 6 6
5 82 57 10 15 58 42 10 6
6 92 62 13 17 54 40 8 6
7 91 61 13 17 52 37 9 6
Racked stitches based on full cardigan
0 97 71 11 15 130 90 18 22
1 165 85 31 49 57 41 3 13
2 161 10 19 32 64 41 8 15
3 158 106 14 38 52 40 5 7
4 122 88 10 24 51 37 5 9
5 98 72 6 20 50 32 10 8
6 88 61 13 14 53 39 4 10
7 127 82 15 30 45 33 3 9

Full deformation ¢ is composed of: elastic deformation ¢; that disappears immediately after
stress relief in the testing sample, plastic deformation ¢, with a long period of relaxation that
develops over time with low speeds, residual deformation ¢3 that does not disappear after stress

relief in the sample [5,6].

Experimental researches of racked stitches extensibility under loads less than breaking ones
have been conducted in laboratory conditions on the relaxometer of “stand" type according to a
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standard procedure. Loads less than breaking ones have been applied to the fabrics - 6H according
to the State Standard of Ukraine 3823-98 [7].

Analysis of the research results on full deformation of racked stitches based on rib, half
cardigan and full cardigan depending on the number of racking of the needle bed compared to the
base stitches has demonstrated that:

- full deformation of racked stitches based on rib widthwise is changed insignificantly, and
lengthwise it is 2-5 times less than full deformation of base stitches;

- full deformation of racked stitches based on half cardigan widthwise and lengthwise
based also significantly less than full deformation of base stitches;

- full deformation of racked stitches based on full cardigan widthwise is increased and full
deformation of racked stitches based on full cardigan lengthwise is reduced significantly compared
than full deformation of base stitches;

It is necessary to build the polynomial models for full deformation in the form of second
order for more accurate mathematical description of the knitting process of racked stitches based on
rib, half cardigan and full cardigan.

As a result of conducted researches the most important and influential input factors have
been defined [8]. Therefore, we have confined to three technologic parameters - the number of
racking of the needle bed, linear density of the yarn and sinking depth for conducting of
multivariate experiment. Thus, as input factors we have taken:

- x1 — the number of racking (number of racking of the needle bed have been defined by
design features of the flat knitting machine, on which it is possible to make from 1 to 10 racking, as
well as compliance of high quality process of loop formation when knitting basic interlooping, so
the number of racking of the needle bed have been performed from 1 to 7);

- xo — linear density of the yarn (varying intervals are set so that the process of loop
formation also take place under normal conditions, changing of the linear density has been made
from 31 tex x 2 to 31 tex x 8);

- x3 — sinking depth (it has been changed from 4.10 mm to 5.90 mm).

The experiment has been conducted according the second-order model for three factors in
accordance with the central compositional rotatable design. The samples have been made of half-
woolen yarn (40% - wool, 60% - nitron) on the flat bed knitting machine of 6 gauge class, the
number of needles and the number of rows have remained unchanged. Draw-off of the fabrics and
input yarn tension have been recorded on the same level and have remained unchanged.

The samples has been produced in accordance with the technical requirements. The adequate
equations have been obtained with probability 0.95 with the help of the least squares procedure and
statistical analysis [9,10]. Mathematical processing of the experimental results has been performed
on ECM.

Taking into consideration the significance of the regression coefficients, the second-order
mathematical models are presented to calculate the full deformation widthwise and lengthwise of
racked stitches based on rib, half cardigan and full cardigan in coded values:

Y{e }, =84,25-24,87x, +4,27x, (1)
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Y{&,}, =78,45-6,37x — 21,5, +9,53% (2)

Y{s.} =117,22-16,26x —25,33x, +8,85x @)

Y {¢,}, =56,87 — 22x, —8,91x, +5,02x;, + 6x,x, +9,95x,” + 6, 23x,’ (4)
Y {&,}, =56-12,98x, —16,76x, + 6,61, + 6,63x,x, + 5,06x, +4,7x,’ ®)
Y {s.} =49,78-58x,~9,16x, +4,82x, +5,88x,x, (6)

Analysis of the results of obtained mathematical regression of full deformation of racked
stitches (1-6) has demonstrated that:

1. Change of the number of racking of the needle bed does not affect the full deformation
widthwise of racked stitches based on rib;

2. The full deformation of racked stitches based on half cardigan and full cardigan
widthwise is decreased when the number of racking of the needle bed is increased from 1 to 7:

- full deformation of racked stitches based on half cardigan widthwise is decreased at T min
- by 14%, at T max — by 26% when while maintaining the sinking depth at the secondary level;

- full deformation of racked stitches based on full cardigan widthwise is decreased at T min
- by 26%, at T max — by 26% when while maintaining the sinking depth at the secondary level;

- full deformation of racked stitches based on half cardigan widthwise is decreased by 18 %
when while maintaining the linear density of the yarn at the secondary level,

- full deformation of racked stitches based on full cardigan widthwise is decreased by 32%
while maintaining the linear density of the yarn at the secondary level;

3. The full deformation of racked stitches based on on rib, half cardigan and full cardigan
lengthwise is decreased when the number of racking of the needle bed is increased from 1 to 7:

- full deformation of racked stitches based on rib lengthwise is decreased at T min - by
63%, at T max — by 37% when while maintaining the sinking depth at the secondary level;

- full deformation of racked stitches based on half cardigan lengthwise is decreased at T
min - by 53%, at T max — by 12% when while maintaining the sinking depth at the secondary level;

- full deformation of racked stitches based on full cardigan lengthwise is decreased at T min
- by 58%, at T max — by 32% when while maintaining the sinking depth at the secondary level.

- full deformation of racked stitches based on rib lengthwise is decreased at Hy min - by
65%, at H, max — by 57% when while maintaining the linear density of the yarn at the secondary
level;

- full deformation of racked stitches based on full cardigan lengthwise is decreased at H
min - by 54%, at Hy max — by 42% while maintaining the linear density of the yarn at the
secondary level;

- full deformation of racked stitches based on half cardigan lengthwise is decreased at Hy
min - by 37%, at H, max — by 29% when while maintaining the linear density of the yarn at the
secondary level;

It has been determined that racked stitches based on rib, half cardigan and full cardigan
refers to the fabrics of I group of extensibility when the number of racking of the needle bed is more
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than 1. Racked stitches have less spring properties compare to the fabrics base stitches. This
contributes to better performance and shape stability properties of racked stitches based on rib, half
cardigan and full cardigan compared to base stitches.
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JOCJIJUKEHHS PO3TSIKHOCTI TPUKOTAXKY
MEPEXPECHUX NEPEIUVIETEHD
JIBUKOBUY T.A.

Kuiscoxuil nayionansruil yHigepcumem mexHoa02it ma Ou3aiHy

Mema. Jlocniodcennsi 6naugy mexHON02IUHUX NAPAMEmpI8 8 sA3aHHA HA PenaKcayiuHi
Xapakmepucmuky mpuxomasicy nepekpecHux nepeniemeHv Ha 0a3i 1acmuxy, Haniépanzy ma
ganey.

Memoouka. Y pobomi 3acmocosani meopemuuhi, AHATIMUYHI MA eKCNePUMEHMANbHI
Memoou 00cnioxcens. JJoCiodNceH s NPOBOOUNUCS 3d MeMOOUKOI 32i0H0 3i cmanoapmom J[CTY
3823-98 «llonomua mpuxkomasicui. Hopmu ma memoo oyinxu axocmiy.

Pe3ynomamu. Bussneno e6niue — KiibKOCmi 3CY8i8 20JeYHUYl HA  DI3UKO-MeXAHIUHI
61ACIMUBOCMI  MPUKOMAXCY nepexpecrux nepeniemenv. OmMpumano Mamemamuydti pPIGHSHHSL
peepecii 018 po3paxyHKy NoeHOI Oeopmayii mpuxomasxicy nepexpecHux nepenjiemeHnv Ha 0a3i
JACMUKY, Hanieghaney 1 paney y 3a1edcHoCmi 8i0 MexXHON0IUHUX NAPaAMempi6 8 A3AHHL.

Haykoea noeusna. Bcmano6neno, wo KilbKIiCmb 3CY8I68 20JeYHUYI € BANCTUBUM
MEXHONI02IYHUM NAPAMEMPOM, AKUU 3HAYHO BNIUBAE HA POZMANICHICIb MPUKOMAICY NEePexpecHux
nepeniemensb. OMpUMaHo MameMamudui 3a1edCHOCmi NnoeHoi deopmayii y 3anexcrocmi 6i0
KIIbKOCMI 3CY8i6 20neUHUYi, NIHIUHOL 2yCMUHU NPAXCT MA 2IUOUHU KYLiPYBAHHSL.
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Ilpakmuuna 3nauumicms. Bcmanoeneno xapaxmep 6naugy napamempie 6 sA3aHHA HA
nosHy Oeopmayito no WUPUuHi 1t O0BHCUHI MPUKOMAICY NepexpecHux nepenjiemeHv Ha 0a3i
nacmuxy, Hanieghaney i ghaney. PekomeHo0o8ano 3anpasku mpukomas’icy nepexpecHux nepeniemetsb
015 8UCOMOBGNEHHS AKICHUX MPUKOMANACHUX NOTOMEH 32I0HO NAKAZHUKAM PO3MAHCHOCMI.

Knrouoei cnosa: xynipnuii mpuxomasic, mpuxomasdc nepexpecHux nepeniemeHnv, Qisuxo-
MEXaHIuHI 61ACMUBOCI, PO3MAIICHICMb MPUKOMAIICY, KIIbKICMb 3C)6i8 20J1eUHUYI.

UCCJEJTOBAHHUE PACTSI’)KUMOCTH TPUKOTAKA
NEPEKPECTHBIX NEPEILIETEHU
JI3BIKOBUY T.A.

Kuesckuii hayuonanvhsiil yHusepcumen mexHoao2uil 4 Ou3aiiia

Lens. Hccneoosanue nusanus mexHOLI0SULECKUX NAPAMEMPOE GA3AHUS HA PENAKCAYUOHHbLE
XapakmepucmuKky mpuKomanxica nepeKkpecHvix nepenjiemeHull Ha 0Oaze nacmuka, noaygamey u
¢anea.

Memoouka. B pabome  npumenenvi  meopemuueckue,  aHaIUMuyecKue - U
IKCHepUMEHMAIbHble Memoobl ucciedosanuti. Mcciedosanusi nposoouUIucL no MemoouKe co2iacHO
cmanoapmy JICTY 3823-98 «llonomna. Hopmsi u memoo oyenku xavecmeay.

Pe3ynomameul.  Bvisigneno @nusiHue Koauwecmea CO8US08 USONbHUYbL HA  QU3UKO-
MexaHuyecKue — CGOUCMBA  MpuKomanxca  nepekpécmuuvlx  nepeniemenuti.  Ilonyuenwvl
Mamemamuyeckue YpAaeHeHus peepeccuu Oas pacyema HOAHOU Oedopmayuu mpuKoma’ica
NnepeKpEéCmMHbIX nepenyiemenull Ha 0Oasze Jaacmuka, noaygawea u ¢havea 8 3aA8UCUMOCTIU OM
MEXHOI02UYECKUX NAPAMEMPOB BA3AHUSL.

Hayunasa noeusna. Ycmawnosneno, uymo KOIUYECMBO COBU208 USONbHUYLL SGIAEMC S
BAICHBLIM MEXHOIO2UYECKUM NAPAMEMPOM, KOMOPbIL 3HAYUMETbHO GIUAEM HA PACMAICUMOCHLb
MpUKOMadica nepekpecmuvix nepeniemenuil. Ilonyuenvt mamemamuyeckue 3a8UCUMOCIU NOTHOU
dehopmayuu 8 3a8UCUMOCIU OM KOTUYECMBA COBUL08 ULOIbHUYDL, TUHEUHOU NIOMHOCMU NPAXNCU U
2NYOUHBL KYIUPOBAHUSL.

Ilpakmuueckas 3HauumMoCcms. YcmaHnogieH Xapakmep 6IUSHUS NAPAMEMPOS GA3AHUS HA
NOAHYIO Oepopmayuro no wupune u OIuUHe MPUKOMAdXCA NePeKpecmHbIX nepeniemenutl Ha Oase
nacmuka, noayganea u ¢panea. PexomeHO08aHO 3aNPAGKU  MPUKOMANCA NePEeKPecmHblX
nepeniemenuti 0 U320MOBNEHU  KAYECMBEHHbIX — MPUKOMANCHBIX — NOJOMEH  CO2NACHO
NOKA3aMensiM pacmadCUMOCmu.

Knrwouesvie cnoea: KynupHwlii mpuxomasic, MpPUKOMANC NepeKpeécmHbIX nepeniemenull,
@uszuko-mexanuveckue  CGOUCMBA,  PACMANCUMOCb  MPUKOMANCA, — KOIUYECMBO  COBUS08
UCOILHUYbI.
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