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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, ete.) [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

Toan =T+ 75 oo = 1o Tugyo =00 Tagye =05 Ty =T, (1)
where T,,,,, 7, — initial and starting ccouples applied to the first mass;

T,, T, — resistance couples applied to the system’s 2™ and 3" masses;

Tosws Ties Tioes Tawo — initial values of Cja, Cay 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 simplity significantly the existing methods of calculating the coetficient 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 maotion
can be written in the form [1] (dissipative forces are not included)

: 2 C, C O
p .+ BT _J_IETH :T'Ij]r; +J_12T3~

s

(2)
] 5 C.I C’ C’1
[ R Y ___1?1'2 =—=T, + —'J’T_.,
J 2 J k] 2
wheree [, i3, — two-mass systems’ proper frequencies:
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p — differentiation symbol;

Jo, Jy . J, — respective system masses” inertial couples.

Through solving the differential equations system (2) in the form T, = 4 sin{ws + ), we obtain
the characteristic equation [1]

4 4 .
fii; —w _?
c e (4)
_J,_l; ﬁj.t - @’
2 ] Csf:'.
or ‘-U4_{[3|2.> +ﬂ§1lm_+ﬁfzﬁia _:_—l_l=u. (5)
2

In accordance with the theorem of positivity and characteristic equiation roots” separation , the
equation roots (3) 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 = I?';% -
Then
w; =P > >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
‘-'3‘12 +m§ =ﬁ'|33 +ﬁ§3!
CIICZJ UJ

2 2 I 2
@y s =[Lps ———
i o Ji

Let we show further that the frequency property expressed through an inequality (6) can be ex-
tended up to inequality

o =P =P e >0, (%)

Reformulating equation (7), we substitute @3 with: now considering that @3 < B3, . according to

(6) we get
fn}|1+|’:"§, :’ﬁlzz +B§J' (9
Trimming 5. at (%), we obtainw, = [, . Then replacing w; with,. at equation (7), taking in-

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

2 ¥ 2 2
B23+{u3{ﬂl2+ﬁ23' {]U}
From (10} we observe that mg < |3:2 . So, |3: exceeds the lesser three-mass system’s frequency

, but is below of the greater @, one. Given that [i], > B3, , 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 verity the accuracy of ®, 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]

1 = Ay cosyd + Ay, COSWLE +a,,,

11
Ty = Ay cOSOT + A 53,0 COSO,T + dyy, (h
Wherﬂ a|:=I1(J2+J3}+JI{.E+I}]; {]2}
Jo+d o+,
a23=J}{ﬁ_TZ}+E{J'+J3]. (13)
Jo+J+ T
According to the initial conditions (1) at 1 =0
Tz = Ayzy + Az a2 : (14)
Tiano = Agay + Az + 5 - (15)
The maximum possible value of the dynamic coefficient according to (11)
a; +|A(II'|I|+|AHE|.2
1= : (16)
I +T,
= iz +|A1_u||| +|A|mz _ (17)
T
WValue amplitudes are expressed in cosine dependences [1]
K, = Aan _ S5 (Bl ~ o) K, = A _ J;_(B.’i—mi} (18)
Aﬂzn C'IZ "4l|3I2 {'IE‘
Let we reformulate equations (14),(15) taking into account (1),
Az + Ayzyz = =iz + Ty, (19)

KAy + KAy, =—ay + Ty

When o, >, (Bl, > B3, ), according to (8), from (18)
K <0, K,>0. (20)
Reformulating the (19) considering the (20)
Agan + Az =@ — T

(21)
_|K||Ag|zn +|K3 Anzr: =—(d +T|J.3m}~
We can solve the algebraic equations system (21)
4 :_(ﬁ'lz —Tia) ‘K2| +(ay —Tas)
o [Ki[+[K: ’ (22)
Apoys = —(az — Taao) _(all - ?:u.u] |K|I
132 — |K||+|K2 =

Analyzing (22}, we conclude that 4., <0. 4., <0, as for systems considered under initially

adopted conditions we have (g, — T2, ) = (@ — Tjayy ) and |K =1

As usually, the @, > m, then
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Apay =0, Ay <03 Aq!.hl =_|K||Aqlz|l =0, ALE_:E =|K3 Aulhl <0. (23)
Given the amplitudes’ signs, we obtain from equations (14), (15):
|"4II2:al +|"1(|:|z =dy; = Tz (24)
|AL.‘3|I|+|AL?.‘H2| =@y — Ty + 2K, 4,5
Substituting with (24) at {16), (17) and developing the K, and 4, :
_ 2a), — Tz
2 —T: T, .
K. — 2ay — Ty + 2K 4,y _ 2K, (Tizp — a2+ (2ay = Taao ) —Tiasi0 ‘
n= = s
T Lip-=1)
2 2
where L =M (26)
P — oy

Resulis 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):
Jo+S+ 0
ST

o, =k iJ}'vz —C,Cy . (27)

C(J, +J:)+ Cy(J, +J3)
24, 2.0,

Using the resulis obtained, we can find the dynamic coefTicients emerging ai round-knitting ma-

chine K(O-2 during start-up when drive connections prestressed, Here the initial data are such (re-

search results as by [4]): T, =24,31 Nm: 75 =44 Nm; T, =177 Nm; 7,,=7,=17.7 Nm;

J,=0,023 kgm®; J, =0,041 kgm?; J, =0,021 kgm?; €, =1940 Nm/rad; ., =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¢7; o, =500,3¢";

where & = (28)

o, =101873 8¢ w, =319,2¢".
Applying the initial data and results obtained from (3), (18). (26)
Br.=131664 .9; K, =0,63; p=-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;
K, =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 dvnamic 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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AHOTALISA f AHHOTALHA f ABSTRACT

B8, Haivaw, B, Ting, TTIVek B A30sny MAmmH 3 nonepelibso HANPYREHnMH B R3aMu npusoaa. Poarnsnacreca
YIOCKOHANSHHA METOIY JIHHAMIMHOTO PO3IPaxyHEY KoeilicHTIE OHHAMIYHOCTI MEXaHIYHHX CHCTEM, IHHAMIYHA MOIETE
AKHX MOie GYTH NPeIcTARIEH TPHMACOBOK PAIHOK CHETEMOI 3 MEPIIOH: BEIYHOK MACOK TIPH NONEPeIHEO HATPyY#eHnx
NPREEE B A3EX npueona, [pn npopeqensl 10cnimeHs BHEOPHCTORYBATHCS CYMACHT METOIH TCOPSTHYHHE JOCNLTHEHE,
W0 DAFVIOTECA HA Teopil AHHAMIKH MEXAHIMHHX CHCTEM T4 Teopll NpykHOoCT, 3anponoHoBaHe GUNLM I0CKOHATHN MeTon
FHANOTHEHHA KOeILiCHTIE JHHAMIMHOCTL. (MEPHAHD PIBHAHHA, HEKI Q0IBOMHKTE IHAKOIHTH KoeilieHTH HHAMIYHHX Nne-
PERAHTARKEHE TTPYARHUX B 93¢H NPHBOLE MEXAHIMHEX cHeTeM 003 HANMDReHEA AMIIITYI KOTNEIHE MAgC CHOTEMM, [0 ¢V TTE-
B0 CKOPOMYE PO3PAXYHEH.

Fonrosoer crosa? B AITEHE MAHHA, TYCK B A3A0EHOT MAITHEN, THHAMIMHL HABAHTAKEHHA, KOSPILIEHT THHAMIMHOCTL.

BB, Yaitan, b.& [Mna, TIyek BR3aI6HEX MAINHH © NPEABAPHTENBHD HANPHHREHHLIME CBEIAMN npueoga, Pac-
CMATPHEASTCA YCOBEPIICHCTROBAHHE METONA AHHAMHYECKOTD PAacueTa KoMppHIHEHTOR THHAMHYHOCTH MEXAHHYECKHR CHC-
TeM, THHAMHYECKAA MOJETE KOTOPRIX MOKET DRITh NPEICTARNEHA TPeXMaccoroil paIHoil cnetemoil ¢ nepeoil peayme Mac-
COi MPH NPEIRAPHTEIRHOM HATPARCHHN YIPYTHX CEA3CH npukona, [TpH nposeacHiH HCCNeIoRIRNA HCNOIBI0BANNCH CO-
BpeMEHHBLE METOIL TEOPETHYECKHX HOCTENOBAHHI, KOTOPEE OCHOBRIBARTCA HA TROPHH IHHAMHEN MEXAHHUSCKHX CHCTEM H
Teopun ynpyroctd. Tlpeanoses Gonee COBEPIIEHHER METON HAXOHAZHHE KONPHIHEHTOR AHHaMuenocTd. TTonyuere
YPARHEHHS, TOIROMTIING HAXOIHTE KOHIPHINEHTE THAAMISCCEE MEPErPyI0K YIPYTHE CRRICH NPHEDIA MEXAHIMECKNX
CHETEM 023 HAXOHIEHHA AMILTHTY ] KONeBaimil Mace CHCTEMEI, YT0 CYIIECTRENHD CORPALLIGET PACUETEL.

Formmennne orowa: BH3LTLHAR BT HA, JI}'CR BAELLHO MALIHHB, IHHAMHYECKHE Hﬂl]ﬂ}'f{}:“. KU?IIK')HI.IHEH'I' JHHAMHEYHOCTH.

.V, Chaban, B.F. Pipa, Starting of knitting machine with the preliminary tense transmissions of oceasion, The
article is sanctified to improve method of dyvnamic caleulation of dynamic coefficients of the mechanical systems, the dynam-
ical model of which can be presented by the three-mass row system with the first leading mass at preliminary tension of resil-
ient connections of drive, The study used modern methods of theoretical studies, which are based on the theory of the dynam-
ics of mechanical systems and the theory of elasticity. More perfect method of the dynamical coefficients finding is suggesi-
ed. Obtained equations allow finding the coelficients of dynamic overloads of resilient connections of the mechanical sys-
tems drive without finding amplitudes of vibrations of the system masses that significantly reduces caleulations,

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