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STARTING-UP OF KNITTING MACHINES WITH
PRESTRESSED DRIVE CONNECTIONS

Introduction. One of the most significant factors affecting the knitting machines’ operation effi-
ciency is represented by dynamic forces arising when transitional modes (starting, braking, mecha-
nisms’ switching, etc.) [1...3]. The dynamic analysis of machines in order to find the dynamic over-
loads coefficients is of high importance to solve the current problem of improving the knitting ma-
chines efficiency (increasing machine productivity and the produced tissue quality).

Analysis of recent research and publications. Modern dynamic analysis of machines [1...4] is
effected in order to calculate the mechanical systems’ dynamic parameters associated with significant
expenses reducing the effectiveness of existing dynamic analysis methods.

The research object relates to elaborating the dynamic analysis method for mechanical system
which analytical model can be represented as three-mass in-line system with first driving host of
weight at drive’s prestressed elastic connections. This problem solving we used modern methods of
theoretical research based on the mechanical systems’ dynamics theory and the theory of elasticity.

This research goal. Given the urgency of improving the knitting machines’ efficiency by reduc-
ing the dynamic loads, the purpose of the present research refers to amelioration of dynamic analysis
method applicable to knitting machines with pre-strained drive linking.

Problem statement. According to studies [1...3] and others, at dynamic processes’ analysis most
knitting manually-operated and automatic machines can be presented as equivalent to three-systems
where the first leading mass has prestressed connections with the initial conditions of motion

Tooy =T + T35 Tiapo =155 Tuayo =05 Tigzpo =05 Tpyo =713, (1)
where T;,,,, T} — initial and starting ccouples applied to the first mass;
T,, T, — resistance couples applied to the system’s 2™ and 3™ masses;
Tanes Tanos 7;12)0; T(23)0 — initial values of Cj,, Cy3 system’s linkages elasticity couples and

their respective first derivatives..

The effected studies have shown that the specified conditions of dynamic processes present, it is
possible to simplify significantly the existing methods of calculating the coefficient of sytem’s masses
elastic connections’ dynamic loads that requires to define the four cosine amplitudes in solving differ-
ential equations of mechanical system motion.

Considering the correlation betwwen three-mass system frequency fluctuations and the proper
vibration frequencies corresponding to two-mass systems. The equation of three-mass system motion
can be written in the form [1] (dissipative forces are not included)

C C C
p2T12 +B122le _iTB :iTl +iTz:
J2 Jl J2 (2)
C C C
P’ Ty + BT ——2T, =—2 T, + 2T,
J, J; 2

2 2 .
wheree f;,, B3 — two-mass systems’ proper frequencies:

DOI: 10.15276/0pu.1.43.2014.16

© V.V. Chaban, B.F. Pipa, 2014

MAIIMHOBY IYBAHHA. TEXHOJIOI'LA METAJIIB. MATEPIAJIO3BHABCTBO



ISSN 2076-2429 (print) . . . . 89
ISSN 2223-3814 (on line) [pani OxeceKroro moJiTexHIYHOTO yHIBEpcHUTETY, 2014. Bum. 1(43)

2 J+J, 2 J,+J;
=C,,—=, =C ; 3
Blz 12 J1J2 B23 23 J2J3 ( )

p — differentiation symbol;

J,, J,, J; — respective system masses’ inertial couples.

Through solving the differential equations system (2) in the form 7, = 4, sin(w? + ¢), we obtain
the characteristic equation [1]

B122 -’ —&
J2 0, @)
G B —
7, 3
C,,C
or o' - ([3122 + [3;3)0)2 + 6122[3;3 - 1.2]2 2 =0. %)
2

In accordance with the theorem of positivity and characteristic equiation roots’ separation , the
equation roots (5) are positive and separated with minor roots, that corresponds to the first element [1].
The minor root corresponding to the first element of the determinant (4) is:

o' = B; .
Then
o > P >0 >0. (6)
In accordance with the Viyeta formulas the polynomial roots’ sum, taken with the opposite sign,
is equal to the coefficient when @’ at (5), and the roots product is equal to the free member, ie
o + oy =B, +Bi,
C,,C (7
oo, =B ——2 2 .
Js
Let we show further that the frequency property expressed through an inequality (6) can be ex-
tended up to inequality

o > P, >Pr > ;> 0. (8)

Reformulating equation (7), we substitute 0322 with; now considering that oﬁ < Bi , according to

(6) we get
o +B > By + B3 )
Trimming B3, at (9), we obtain w; > P;, . Then replacing o; withp3,, at equation (7), taking in-

to account that @; >3, as issues from from (6) we have

[3;3"'(9; <B122+B§3- (10)
From (10) we observe that @, <P;, . So, B;, exceeds the lesser three-mass system’s frequency

®, but is below of the greater ®, one. Given that B;, > P, we get the inequality (8), which shows
that most of the three-mass system elasticity couples’ frequencies is greater than most of the two-mass
systems’ proper vibrations frequency, and the lower three-mass system’s frequency is less than the
lower of two-mass system frequencies.
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The obtained dependences (7), (8) can be used to verify the accuracy of o, determining as well

as for analysis of expression obtained when solving the equations of considered masses’ motion.
Solution of differential equations (2) with initial conditions (1) has the following form [1]

T}y = Aypy COSOE + Ay, COSO,E + @y,

11
T3 = A 33y COSOE + A 3y, COSWL + s, (an
where 6112271(J2+J3)+J1(T2+T3); (12)
J+J,+ J,
(O -T)H)+T,(J,+J
a23: 3( 1 2) 3( 1 2)‘ (13)
Ji+J,+J;
According to the initial conditions (1) at 1 =0
T(IZ)O = A(IZ)I + A(]z)z ta,,; (14)
Ty = Az + Apzyn + a3 - (15)
The maximum possible value of the dynamic coefficient according to (11)
a;, +|Aqan| +14
_de | (12)1| | (12)2| : (16)
I, +T;
ay + A(23)1 + A(23)2
Ky = | | | | . (17)
T
Value amplitudes are expressed in cosine dependences [1]
K _ Aesn _JZ(BIZZ_O)IZ) K _ Ay _JZ(Blzz_(D;) (18)
1= = s By = = .
A(12)1 Ch A(12)2 Ch
Let we reformulate equations (14),(15) taking into account (18).
Anon + Az == + Ty
(12)1 (12)2 12 (12)0 (19)

KIA(IZ)I + K2A(12)2 =—dyt T(23)0-

When o, >, (B, > B3, ), according to (8), from (18)
K, <0, K,>0. (20)
Reformulating the (19) considering the (20)

A(IZ)I + A(12)2 =—(a;, — (12)0),

(21)
_|K1|A(12)1 +|K2|A(12)2 = _(a23 + T(23)0)-
We can solve the algebraic equations system (21)
y _ —(ay, _T(lz)o) |K2| +(ay — (23)0)
a1 — 5
K| +]K|
(22)
4 _ —(ay - (23)0) _(alz _T(lz)o) |K1|
122 = .
K| +]K: |

Analyzing (22), we conclude that A4,,, <0, 4,, <0, as for systems considered under initially
adopted conditions we have (a,, —T};,)0) > (ay; — T(53)) and |K2| >1.

As usually, the ®, > ®, then
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Ay <0, Ayyy, <05 A(23)1 = _|K1|A(12)1 >0; A(23)2 :|K2|A(12)2 <0. (23)
Given the amplitudes’ signs, we obtain from equations (14), (15):

|A(12)1| + |A(12)2| =dap— T(lz)o,

(24)
|A(23)1| + |A(23)2| =ay; — Tia3y0 + 2K, 412,
Substituting with (24) at (16), (17) and developing the K, and 4,,,,, :
K. = 2a,, _T(lz)o
12 ],2 +].; B (25)
Koo — 2ay; —Tia3y0 + 2K, 412y, _ 2K, (Thay — aip) +(2a3 — Tigsyo ) = Tinzyo
»n= = s
T I(n-1)
2 2
where p= [3122 mi . (26)
12 — 0

Results obtained. The equations (25) allows to obtain the dynamic system coefficients without
finding amplitude of mass vibration, thus significantly reducing the calculations.
The frequency of system’s masses vibrations shall be found using the characteristic equation (5):
J+J,+J;
J\J2J;

(’312,2 =1t \/7\'2 -C,Cy s (27)

C12(‘]1 +']2) + C23(J2 +J3) .
2J,J, 2J,J,

Using the results obtained, we can find the dynamic coefficients emerging at round-knitting ma-

chine KO-2 during start-up when drive connections prestressed. Here the initial data are such (re-

search results as by [4]): T,,=24,31 Nm; 7,=4,4 Nm; T7;=17,7 Nm; T, =7,=17,7 Nm;

J, =0,023 kgm?; J, =0,041 kgm?; J, =0,021 kgm?; C,, =1940 Nm/rad; C,; = 3062 Nm/rad.
Substituting the initial data with equations (12), (13), we find: a,, =23,6 Nm; a,; =18,24 Nm.
The frequency of system masses’ variation, according to (27), (28)

o =250283.,5¢%; o, =500,3¢™;

(28)

where A =

o, =101873,8¢% w, =319,2¢™.
Applying the initial data and results obtained from (3), (18), (26)
B, =131664,9; K, =0,63; un=-0,25.

Replacing the data at equation (25) with results obtained, we find the dynamic coefficients of
round-knitting machine KO-2 drive (dynamic overload of the drive elastic connections): K, =1,13;
Ky =11.

The obtained results are consistent with the issues of calculations using the known methods of
mechanical systems’ dynamic analysis [1...4]. However, in contrast to the known methods the pro-
posed one, in our opinion, is more effective.

Conclusions. Analyzing the research results, we conclude that the proposed method can more effi-
ciently solve the problem of dynamic analysis of any mechanical system which dynamics model can be
represented as three-mass in-line system with first leading mass when prestressed elastic connections.

The obtained equations allow to find the dynamic overload coefficients for elastic connections of
mechanical systems drive (including knitting operated and automatic machines) without preliminary
calculating the amplitude of the system mass vibration, that significantly reduces the calculations.
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AHOTAIISA / AHHOTALIUSL / ABSTRACT

B.B. Yaban, b.®. ITina. llyck B’A3aJbHAX MALINH 3 MONEePeTHbO HANPYKEeHUMH B’SI35IMH NPUBOA. Po3risgaeTscs
yIOCKOHAJICHHS. METOJy AMHAMIYHOTO PO3paxyHKy KOe]illieHTiB JUHAMIYHOCTI MEXaHIYHHMX CHCTeM, JAMHAMiYHA MOJEIb
SIKAX MOXKe OyTH IpeACTaBiIeHa TPUMACOBOIO PSAHOI0 CHCTEMOIO 3 IIEPLIOI0 BEAYUYOI0 MACOI0 IIPH MONEPEIHBO HANPYKEHUX
MIPY>KHUX B’s13sX TpuBoja. [Ipm mpoBeneHHi OCIiKeHb BHUKOPHCTOBYBAIHCS CY4acHI METOIM TEOPETUYHHX JOCIIKEHb,
o 0a3yroThCsl Ha TEOpil TUHAMIKA MEXaHIYHHX CHCTEM Ta Teopil MPY)KHOCTI. 3ampornoHOBaHO OLTBII JOCKOHAIUA METO[
3HAXO/KCHHS KOC(Iili€HTIB AuHAMIYHOCTI. OJIep>KaHO PiBHSIHHS, SKi TO3BOJISAIOTH 3HAXOAUTH KOC(II[IEHTH AMHAMIYHHX Tie-
peBaHTakeHb NPYXKHUX B’s3¢H IPUBOa MEXaHIYHUX CUCTeM 0e3 3HaXODKEHHS aMILIITY { KOJIUBaHb Mac CHCTEMH, II[0 CYTTeE-
BO CKOPOYY€ PO3paxyHKH.

Kmiouosi cnosa: B’si3abHa MaIllMHa, MMyCK B’A3aJIbHOI MAIIIMHH, TUHAMIUHI HABAaHTQKEHHS, KOS(DII[IEHT TUHAMIYHOCTI.

B.B. Yaban, 5.®. [Tuna. Ilyck BS3aJILHBIX MALINH ¢ NPeABAPHUTEIbHO HANPSKEHHBIMH CBSI3SIMHU NpuBoaa. Pac-
CMaTPHBAETCS YCOBEPIICHCTBOBAHME METO/Ia JIMHAMHYECKOro pacyeTa Ko3(p(HUIHEHTOB AMHAMUYHOCTH MEXaHUYECKHX CUC-
TeM, IMHAMHUYECKasi MOJIENIb KOTOPBIX MOXKET OBITH IPEJICTaBICHA TPEXMACCOBOW PSAHOM CHCTEMOH ¢ IIepBOi BexyIeil Mac-
COl IpU IpeiBapUTEIbHOM HANPSDKEHUM YIPYIHX cBs3ed mpusona. IIpu nmpoBeneHHMU HccleJOBaHUS UCIONb30BAUCh CO-
BPEMEHHbIE METO/Ibl TEOPETHUECKUX HCCIEI0BAHUH, KOTOPbIE OCHOBBIBAIOTCS HA TEOPUH AMHAMHKH MEXaHHUYECKUX CUCTEM U
Teopu ynpyrocti. [IpemnoxeH Goiee COBEpLICHHBIH METOJ HaxXOXIEHHS Kod()(GUUIMEHTOB AuHaMU4YHOCTH. [TomyuyeHs
YPaBHEHUS, TTO3BOJISIONINE HAXOAUTh KOY(P(UIMEHTH! TMHAMUYECKHX IePerpy30K YIPYTHX CBs3eil IMPHBOJa MEXaHHIECKUX
cucteM 0e3 HaXOXKJEHHUs aMILTUTY ] KoJIeOaHUH Macc CHCTEMBI, YTO CYLIECTBEHHO COKPAIAET PacyeThl.

Knouesvie cnosa: Bsi3alibHast MalllMHa, ITyCK BS3aJIbHON MAIlMHEL, JMHAMUYECKHE HArpY3KHU, KOA(QOHUIMEHT TMHAMIYHOCTH.

V.V. Chaban, B.F. Pipa. Starting-up of knitting machines with prestressed drive connections. The article is sancti-
fied to improve method of dynamic calculation of dynamic coefficients of the mechanical systems, the dynamical model of
which can be presented by the three-mass row system with the first leading mass at preliminary tension of resilient connec-
tions of drive. The study used modern methods of theoretical studies, which are based on the theory of the dynamics of me-
chanical systems and the theory of elasticity. More perfect method of the dynamical coefficients finding is suggested. Ob-
tained equations allow finding the coefficients of dynamic overloads of resilient connections of the mechanical systems drive
without finding amplitudes of vibrations of the system masses that significantly reduces calculations.

Keywords: knitting machine, starting of knitting machine, dynamical loads, dynamical coefficient.
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