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ANALYSIS OF THE EFFECT OF FRICTION OF THE WORKING BODIES OF KNITTING
MACHINES ON THE WEDGES LIFE CYCLE

In this paper, we present the results of research on the evaluation of the knitting machine working bodies
(needles, wedges, stitches) friction effect on the wear of working surfaces of wedges and on their life cycle. The object
of research was to analyse the effect of friction of needle-wedge and needle-stitch pairs (guide needles) on the intensity
of wear of working surfaces of wedges, which determines their life cycle. Modern methods of theoretical research
based on the theory of friction and wear and the theory of designing knitting machines were used to resolve the
problems. Increased efficiency of knitting machines can be achieved by reducing the friction losses of the working
bodies of the knitting mechanism (mainly needle-wedge and needle-stitch friction pairs). Therefore, the task of this
research is to analyse the effect of friction of the working bodies of the knitting machine on the wear of the working
surfaces of wedges and on their life cycle.

The analysis of obtained results shows that the friction of working bodies significantly affects the wear of
wedges of knitting machines and, accordingly, their life cycle.

The rational mode of operation of the KO-type circular knitting machine is its mode when the ratio of friction
of the needle-wedge and needle-stitch pairs is within 0.08...0.1 (which is achieved by choosing appropriate type of
lubricant and lubrication modes of the knitting mechanism). At the same time, the life cycle of the stitch cam ranges
from 208.79 - 103 to 76.97 - 103 hours (from 16,312 to 6,013 days at 2-shift operation of the machine).

With the existing mode of operation of the KO-2 circular knitting machine, as shown by research, the life
cycle of the stitch cams does not exceed 9 - 103 hours (703 days)

Key words: knitting machine, needle, wedge, stitch, friction, wedge wear, wedge life cycle.

MUIELIKO CEPT'I

KOBAJIbOB IOPIi1

XUHEBHUY PYCJIAH

KuiBcpkuit HalioHaNBHUI YHIBEPCUTET TEXHOJIOTIH Ta TU3aiHy

AHAJII3 BILIUBY TEPTSA POBOYMX OPT'AHIB B'SI3AJIbHUX MAIIAH HA )KATTEBUIA UKL KJIAHIB

V yiit pobomi npedcmasneni pezynomamu 0ociodcents 3 OYiHKU 6NAUGY MEPNISi POOOUUX OP2aANi6 8'A3ANbHUX MAWUH (200K, KIUHIE,
cmibKi6) Ha 3HOC POOGOUUX NOBEPXOHb KIUHIE ma Ha ix mepmin cayocou. Hasedeno npuknad eniuey mepms nap 0JKaA-KIUH MA 20J1KA-CMIGOK
Kkpyenos'azanonoi mawuny KO-2 na mepmin crysxcou Kyiaukie cmiokis.

Ananiz ompumanux pesyiomamie NOKA3YE, wjo mepms pobOUUX OP2AHIE CYMMESO GNIUBAE HA 3HOC KIUHIE 6'A3ANbHUX MAWUH I,
8ION0BIOHO, HA iX MEPMIH CLyHCOU.

Payionansrum pexcumom pobomu kpyanos'szansnoi mawunu muny KO e ii pesxcum, Konu cniégioHOUEeHHs mepms nap 201Ka-KIuH ma
eonka-cmibox 3naxooumuvcs ¢ megcax 0,08...0,1 (wo docseacmves winaxom eubOpy iON0GIOHO20 MUNY MACMULA MA PEHCUMIE 3MAU]YBAHHS
8'13a1bHO20 Mexanizmy). Boonouac, mepmin cayscou Kyrauka cmioka konuseaemucs 6io 208,79 - 103 0o 76,97 - 107 200un (8i0 16 312 0o 6 013 onis
npu 2-3MIiHHIU pOOOMI MAUWUHU).

3a icnyrouoeco pexcumy pobomu kpyenos'szanvhoi mawunu KO-2, ax noxazanu docniodxcenns [2], mepmin ciyscou Kyraukie cmioka ne
nepesuwyye 9 - 10° 200un (703 Oni).

Knrouosi cnosa: 6's3anvha mawuna, 201Ka, KiuH, cmibok, mepms, 3HOC KIUHA, MEPMIH CILyHCOU KIUHA

Increased efficiency of knitting machines can be achieved by reducing the friction losses of the working
bodies of the knitting mechanism (mainly needle-wedge and needle-stitch friction pairs). Therefore, the task of this
research is to analyse the effect of friction of the working bodies of the knitting machine on the wear of the working
surfaces of wedges and on their life cycle.

The results of research on the evaluation of the effect of friction of working bodies of the knitting machine
(needles, wedges, stitches) on the wear of the working surfaces of wedges and on their life cycle, as well as an example
of the effect of friction of needle-wedge and needle-stitch pairs of the KO-2 circular knitting machine on the life cycle
of stitch cams are hereby presented.

The object of research was to analyse the effect of friction of needle-wedge and needle-stitch pairs (guide
needles) on the intensity of wear of working surfaces of wedges, which determines their life cycle. Modern methods
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of theoretical research based on the theory of friction and wear and the theory of designing knitting machines were
used to resolve the problems.

Given the relevance of the issue on increasing the efficiency of knitting machines by increasing the life cycle
of the knitting mechanism wedges, this paper is devoted to the analysis of the effect of friction of the knitting machine
working bodies on the wear of working surfaces of wedges and their life cycle.

The effect of friction on the life cycle of the stitch cam of the KO-2 circular knitting machine was analysed.
At the same time, the design features of the machine and the results of previous studies were also considered.

The analysis of obtained results shows that the friction of working bodies significantly affects the wear of
the knitting machine wedges, and accordingly, their life cycle.

The rational mode of operation of the KO-type circular knitting machine is its mode when the ratio of friction
of the needle-wedge and needle-stitch pairs is within 0.08...0.1 (which is achieved by choosing appropriate type of
lubricant and lubrication modes of the knitting mechanism). At the same time, the life cycle of the stitch cam ranges
from 208.79 - 10° to 76.97 - 10° hours (from 16,312 to 6,013 days at 2-shift operation of the machine).

With the existing mode of operation of the KO-2 circular knitting machine, as shown by research [2], the life
cycle of the stitch cams does not exceed 9 - 103 hours (703 days).

Key words: knitting machine, needle, wedge, stitch, friction, wedge wear, wedge life cycle.

Articulation of issue

The object of research was to analyse the effect of friction of needle-wedge and needle-stitch pairs (guide
needles) on the intensity of wear of working surfaces of wedges, which determines their life cycle. Modern methods
of theoretical research based on the theory of friction and wear and the theory of designing knitting machines were
used to resolve the problems.

Given the relevance of the issue on increasing the efficiency of knitting machines by increasing the life cycle
of the knitting mechanism wedges, this paper is devoted to the analysis of the effect of friction of the knitting machine
working bodies on the wear of working surfaces of wedges and their life cycle.

Sources analysis

Increased efficiency of knitting machines, as known from [1-3], can be achieved by reducing the friction
losses of the working bodies of the knitting mechanism (mainly needle-wedge and needle-stitch friction pairs).
Therefore, the task of this research is to analyse the effect of friction of the working bodies of the knitting machine on
the wear of the working surfaces of wedges and on their life cycle.

Presentation of basic material

Using the results of research [4, 5], the life cycle of wedges is determined as follows:
Hmaxrrgﬂlsm _H 'l’lpmax (1)
60nzK fq tOSPE = NKftqb®

Where: T is wedges service life in hours (life cycle);
H,ppqy 1s maximum allowable wedge wear measured normal to its working surface;

7, is reduced radius of curvature of the pair of needle-wedge heel (hereinafter — the needle-wedge);
a is an exponent,

a = 0,5ft; 2)
B is a needle-wedge pair surface characteristics considering ratio,

B=— 3)

v is support surface curve ratio;
t is a needle-wedge pair contact fatigue curve exponent;

N is the number of friction pair load cycles during one hour of operation,

N = 60nz = 22%Z, @)
md

n is the machine needle cylinder rotation frequency (for a circular knitting machine);
z is the number of needles in the needle cylinder;
V is the needle cylinder linear speed;
d is the needle cylinder diameter;
K is a parameter that characterizes the friction pair material features,
0,5 _y2n\6t t _ _ _
K = ZKO (4;7/) . 0,4—18CE0‘5C ﬁ’ KO — C1 (1 Ell1) (CIZ(;O) Dy = % + % _ 2(1E #); (5)
U4, U, are the needle and wedge materials Poisson’s ratios, (; = t, = U;
E,, E, are the needle and wedge materials elasticity modulus;
E is a given needle and wedge materials elasticity modulus, E = E; = E;

c is an exponent, c=1+pt (6)
_ 12005 %)
17 ka+v)

K, is the ratio chosen depending on the vparameter;
K; is a proportionality ratio between the specific force of friction and stress;

- (3 (2 (o), ®

2 K2 hmax
b, is support surface curve ratio;
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r is an average radius of vertices and ridges of micro-uniformities of friction surfaces, r = ,/R{R5;

Ri, R, are the radii of curvature of micro-uniformities of friction surfaces in the transverse and longitudinal
directions of surface treatment;

hmay 18 the maximum height of micro-uniformities of the wedge surface;

0y 1s the strength limit at single tension of a needle-wedge pair;

f is the needle-wedge pair friction ratio;
q is a specific normal pressure in the needle and wedge contact zone, q = %;

Faxis the maximum impact force of the needle on the wedge (horizontal component);

[ is the width of contact area between the needle and the wedge;

«a is the angle of the needle with wedge meeting at the moment of impact;

b is an exponent, b =1+ 0,5f¢.

Given that the purpose of this research is to analyse the impact of the needle-wedge pair friction on the wedge
life cycle, let’s convert the formula (1) into the following, convenient for analysis form:

T= ©
a ; b
Where: A = MmaTipUsina)? (10)
NK

Let’s analyse the effect of friction on the KO-2 circular knitting machine stitch cam life cycle.

Given the design features of the machine [6] and the results of research [1-3, 7], the following is taken as
initial data: the diameter of the needle cylinder of the machine - d = 450mm; the needle cylinder linear speed - V =
1,0m/sec.; the number of needles in the cylinder - z = 1224; the needle material is Y7A steel, HRC - 68...70; the
stitch cam material is IIIX 15-type steel, HRC - 62...65; the width of contact area between the needle and the wedge
-1 =2,5-1073m; the angle of the needle with wedge meeting at the moment of impact - @« = 56°; the needle and the
stitch cam elasticity modulus and Poisson’s ratios - E; = E, = E = 1,96 - 10'*N/m?; y; = p, = u = 0,29; the stitch
cam maximum allowable wear - H — 3,,,,,,m; support surface curve ratio - v = 3, b; = 5; the radii of curvature of
micro-uniformities of friction surfaces - R; = 16pm, R, = 11300 pum; the maximum height of micro-uniformities of
the stitch cam surface - h,,, = 3,2um; the strength limit at single tension of a needle-wedge pair -o, = 7 - 108 N/m?;
the ratios -t = 3, K; = 2, K, = 0,69.

Using the initial data and the foregoing dependencies, we find the following : a =0,2145; b = 1,2145; c =
1,429; B = 0,143; N = 3,117 - 10%cycles/hour; n = 0,724 - 10711; ¢, = 0,753; C, = 26,5; r = 425,2um; K, =
595,4-10715; K = 0,898 - 1071%; g = 4,395 - 10*H/™; q° = 43,544 - 10%; n =99,8-10% A = 11781.

Given the foregoing, formula (9) turns as follows:

hours. (11)

Substituting the f values of the needle-wedge (stitch cam) pair friction ratio and the F,.values of the
maximum needle impact force on the wedge (stitch cam), which corresponds to the given value f [7], in formula (11),
using the developed program, we thus find the required life cycle of the KO-2 circular knitting machine stitch cams
(the results are presented in the Table below and in Fig. 1 - curve 1).

The effect of friction on the wear of wedges can be estimated by converting formula (1) into a form
convenient for this purpose:

tgpb
B = _TNKS Fma,}; , (12)
r,f}?(lsina)btmax
Where: B=—12"K (13)

ri (L sin a)?”
Accepting that T = 10 - 103hours, we obtain B = 0,51 - 1073, Therefore, formula (12) turns to be as
follows:
H=051-10"3F%21%° y = 510FL21% um. (14)
Substituting the F, ., and f values (see Table below) in formula (14), using the developed program, we thus
find the required value of wear of the working surface of KO-2 circular knitting machine stitch cams at T = 10 -
103hours. The results we obtained are presented in Table below and in the figure — curve 2.

Table 1
The results of calculating the effect of friction on the life cycle of the KO-2 circular knitting machine
stitch cams and their wear (at T = 10 - 103hours)

Needle-wedge Needle-wedge Maximum needle The wedge (stitch The wedge (stitch
(stitch cam) pair (stitch cam) friction | impact force on the cam) life cycle 7', | cam) wear value, H
friction ratio, f angle p , degrees wedge (stitch cam), 10° hours ,umat 7=10-10°

Foax - H hours
0.0524 3.0 45.753 788.15 7.62
0.0611 3.5 47.055 480.48 12.50
0.0699 4.0 48.469 309.56 19.41
0.0787 4.5 50.013 208.79 28.77
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Table 1 continuation

Needle-wedge Needle-wedge Maximum needle The wedge (stitch The wedge (stitch
(stitch cam) pair (stitch cam) friction | impact force on the | cam) life cycle 7, | cam) wear value, H
friction ratio, f angle p , degrees | wedge (stitch cam), 10° hours ,umat 7 =10-10°

Fmax > H hours
0.0875 5.0 51.708 145.89 41.18
0.0963 5.5 53.581 104.81 57.32
0.1051 6.0 55.666 76.97 78.05
0.1139 6.5 58.008 57.52 104.45
0.1228 7.0 60.663 43.47 138.20
0.1316 7.5 63.711 33.28 180.53
0.1405 8.0 67.260 25.60 234.64
0.1494 8.5 71.464 19.78 303.67
0.1584 9.0 76.556 15.27 393.48
0.1673 9.5 82.901 11.76 510.68
0.1763 10.0 91.115 8.96 670.27
0.1853 10.5 102.346 6.70 896.25
0.1944 11.0 119.045 4.83 1243.39
0.2034 11.5 147.822 3.24 1852.55
0.2125 12.0 217.434 1.78 3375.44

N, um, T. 10° hours

3150F 700
27001 600
2250 500f \ /
1800F 400
\ 1 2 /

1350F 300 AN

900 200 \ /

T ‘S-:: i

| L s ——
3,0 4,5 6.0 7,5 9.0 10,5 p degrees

Fig.1 The effect of friction on the life cycle of the KO-2 circular knitting machine stitch cams (curve 1)
and their working surface wear (curve 2) at T = 10 - 103hours

Conclusions

The analysis of obtained results shows that the friction of working bodies significantly affects the wear of
wedges of knitting machines and, accordingly, their life cycle.

The rational mode of operation of the KO-type circular knitting machine is its mode when the ratio of friction
of the needle-wedge and needle-stitch pairs is within 0.08...0.1 (which is achieved by choosing appropriate type of
lubricant and lubrication modes of the knitting mechanism). At the same time, the life cycle of the stitch cam ranges
from 208.79 - 103 to 76.97 - 103 hours (from 16,312 to 6,013 days at 2-shift operation of the machine).

With the existing mode of operation of the KO-2 circular knitting machine, as shown by research [2], the life
cycle of the stitch cams does not exceed 9 - 10* hours (703 days).
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