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M Introduction

The peculiarities of the machine stitch
formation process require consideration
of a mechanism to control the motion
of the thread, because the thread length
needed for the stitch link formation
process changes over a range constitut-
ing a multiple of its length in this link.
This demonstrates that different barriers
(stationary and mobile) affecting the
thread, including barriers belonging to
the thread take-up system, have a de-
structive character (Figures 2 and 3).

The diversity of thread take-up construc-
tions in sewing machines is principally
determined by the category of a tool in-
serting a thread into the stitch link (nee-
dles, bobbin hooks, interlacers) and the
structure of this link, where stitches of
open and closed interlacements can be
distinguished [1 - 3]. In the latter case,
the needle thread take-up plays a special
role, due to the need for it to interact
with the bobbin hook [2].

The needle thread take-up mechanism
in lockstitch machines has changed
over the years, largely due to the al-
tered efficiency requirements of sewing
machines [2]. The following solutions
may be listed: an operating point trajec-
tory constituting an arc of a circle (cam,
slotted lever), a trajectory with no dead
centre (crank-rocker with the working
point mounted on the connector; this
is the take-up widely used in lockstitch
machines, Figure 2) and multi-barrier
solutions of rotational motion with a
common centre of rotation. The single-
axial disc take-up (Figure 3) belongs to
the latter group, but for some unknown
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Possibilities for Modelling Control
Conditions of the Thread by Disc Take-up
in the Lockstitch Formation Zone

Abstract

We present a course of needle take-up demand in the zone of lockstitch formation by the
needle and the bobbin hook, as well as a course of thread control by the take-up for selected
machines with different types of thread take-ups. The classical (crank-rocker) take-up and
single-axial disc take-up are distinguished. The possibility of shaping the thread control
curve with a disc take-up by changing the number and position of its operating points has
been established. The diverse character of changes to the thread overfeed in the feeding zone
of the machines indicates the need to establish a set of criteria assessing the correctness
of the selection of this overfeed. For determining the thread control curve by disc take-up,

software was used to shape this curve.
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thread controlling by the take-up.

reasons is not used in current sewing
machines. It is of particular interest due
to the relatively small fatigue wear of
thread, as found in preliminary studies
carried out in the Department of Cloth-
ing Technology [5].

Mechanisms of thread take-ups in lock-
stitch sewing machines are characterised
by an absence of regulation points. Ex-
amples of solutions of stitch-forming
mechanisms, such as a differential feed,
in which a stitch can be limited (or in
other words shortened), demonstrate the
important role of regulation points in
adjusting the mechanism to the proper-
ties of textiles used in the thread stitch
formation process. Thus, it appears
advisable to investigate the effects of in-
troduction of regulation points changing
the action of the take-up on the thread
into the take-up structure, thus making
the take-up more modern in comparison
with the solutions currently used.

In the literature, there are no studies
assessing the take-up with respect to
the load of thread in the stitch forma-
tion process and the relation of these
loads to stitch properties [1, 4]. Thus, it
is necessary to develop a set of criteria
to assess the correctness of operation of
the take-up in the group of stitch-form-
ing mechanisms. The results of investi-
gations into the stitch formation zone,
i.e. the space in which a stitch formation
process occurs, as found in the literature
available [1, 6] do not contain any refer-
ence to the thread take-up. First of all,
this refers to lockstich machines, where
the thread take-up plays a complex role
due to the necessary connection with the
bobbin hook and the dynamics of stitch

tightening (drawing an interlacement
into the material). This significantly af-
fects the stitch formation process, and
in particular the accompanying distur-
bances, which can lead to the excessive
breakage of thread and to unfavourable
properties of the stitch.

It results from the above that the in-
troduction of the take-up into a space
called a stitch formation zone shapes
this space, and likewise the phenomena
occurring in this zone and the functional
properties of the thread stitch.

Investigations of the action of the take-up
on the thread should be preceded by an
assessment of the demand of the needle
and the bobbin hook for thread and the
thread feed by the take-up [7].

In this paper, we present a preliminary
assessment of movement of the thread
due to the motion of the needle, bobbin
hook and the take-up.

Demand of the needle
and the bobbin hook

for thread and thread feed
by the take-up

The design of any type of take-up
mechanism is based on the course of the
demand for thread in a stitch formation
cycle (Figure 1), where we can distin-
guish the demand for thread forced by
the needle motion (part of the curve in
Figure 1 which is limited by points 1
and 5) and the bobbin hook motion (part
of the curve limited by points 5 and 6).

The curves of the thread feed by the take-
up against the demand of the needle and
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bobbin hook for thread are presented in
Figures 2 and 3. An excess of thread fed
by the take-up in relation to the demand,
shown in the figures, is necessary be-
cause of the length stitch (S) that can be
regulated, a variable thickness of the tex-
tile package (h) subjected to treatment,
and the conditions of passing the thread
through the hook system. A lack of this
excess will lead to thread breakage.

L.cm

The comparison of Figures 2 and 3
confirms the diversified character of
changes in the thread excess in the phase
of feeding by the take-up (part of the
curve f5 (¢) limited by points A and B).
This happens because the stoppage in
the crank-rocker mechanism (Figure 2)
cannot be taken into account while the
needle forms a loop (part of the curve f}
(¢) between points 4 and 5 — Figure 1).
As far as the demand/feed relationship is
concerned, it is stated in the literature that
an excess of thread at the moment when
the bobbin hook drops off the loop (see
6 in Figure 1) should constitute between
10 and 20% of the thread at this moment.
For the machines studied, this excess is
14.4% for the Pfaff machine and 15.6%
for the Juki DLM-52 machine. Thus, the
two amounts of excess are similar, and

-
- O

=
w

. . g -\tra'ectom of the working A
are contained in the assumed range. b point (R) of the take-up
8 1 .
It seems advisable to undertake studies ol Elﬁ“éii%ﬁ'}i'fé';?'
on the shaping of the curve of thread feed ‘ol
by the disc take-up; this can be attained bl
by selecting the number and position of o Lemax-Li-crimax = 11,1 - 9,7= 1,4 cm

working points. This can contribute to
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© 0o N O O A W N =2 O

-
N

#°
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360
4 3 . . \ . , : |
2 ¥ loop -
2 A formation expanding of the loop
!/ 4 by the bobbin hook
|

1
<
! i

s=0 mm
h=0 mm

moving the loop around
the bobbin case

NEEDLE WORKING MOTION
PHASE.

-

4 BOBBIN HOOK WORKING
MOTION PMASE i

1 !
1
1. Upper dead centre of the needle. 1
1 2. Start of needle working motion. e
3. Upper edge of the needle eye in the plane of the stitch plate.

4. Lower dead centre of the needle start of thread loop formation.
5. End of needle thread loop formation, the bobbin hook enters the needle thread loop.
6. Loop drops off the bobbin hook end of the babbin hook working motion

%0
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360
0 . , . . . L n . | )
I I

1

24
4 Lumax=1,9 cm

< LcHimax =8,1 cm
451 %

S

AB - thread feed

Figure 1. Demand for thread caused by the motion of the needle and the bobbin hook (Pfaff
953 machine).

Figure 2. Thread control by a crank-rocker take-up against the thread demand caused by

The possibility of analytically describing
the thread control by the disc take-up
will be used to develop variations in the
take-up differing in the thread control
curve. This will be an important step
towards determining a set of criteria
assessing the correctness of the take-up
operation for different sewing properties
of textiles. Consequently, this may lead
to the introduction of regulation points of
the take-up.

L.cm

B Modelling

1. The topic of the research is the take-
up of needle thread in the lockstitch
machine (rotary, multi-barrier), in
which we can distinguish constant and
moving barriers. The barrier position
(Figure 4) is described successively
by a distance from the centre of the
disc rotation and an angle between a
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the needle and bobbin hook motion (Pfaff 953 machine; s=0 mm, h=0 mm).
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Figure 3. Thread control by the single-axial disc suspender against the demand for thread
caused by the needle and bobbin hook motion (Juki DLM-52 machine; s=0 mm, h=0 mm).
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line of needle acting, and a line going
through the disc and barrier centre.

2. In the group of the constant barrier, a
thread tensioner (A) (Figure 4.1) and
a distributor (B) (Figure 4.2) can be
distinguished, which divide the thread
distance in the take-up acting zone
into branches lying on the right and
left sides of the take-up (Figure 4.3)
and thread guide (C) (Figure 4.2) con-
trolling the thread outside the take-up
acting zone.

In the set of moving barriers placed on
the rotating disc, barriers located on
the right and left sides (right — P & left
—1L), as well as barriers acting on both
branches — W, W, and W3.

3. The changes in thread length in the
take-up acting zone are due to the
barriers of type P, L and W rotation
movement.

4. Conditions of thread control by take-
up (replacement 1, speed v and ac-
celeration a) depend on the moving
and constant barrier position of the
take-up.

Then the analytical description of non-
stretchable thread length changes, for

4.2

take-up disc

Ine of needle
\ operation

Figure 4. Characteristics of the thread length in the multi-barrier disc take-up acting zone

at the moment of stitch tightening.

In Figures 2 to 5, the following was taken
into consideration:

Differentiating Equation (1) in relation to
time, we obtained the speed of changing

.example, t.he phase (?f the St.itCh tighten- A (ra, ota) L (1L, op) the thread length in the take-up acting
ing formation af:cordlng toFigure4.2can B (rg, o) ap=Cy zone, presented by Equations (6 - 10).
take the following form: C (rc, ac) ag=0C;
P (rp, (XP) Ooc = C3 Di I . . .
ifferentiating Equation (6) in relation
() =1 =1 +1 + = = +
((P) AC((P) AP((P) PB((P) (1) BP/O C4 at BP((P) BP/O P to time, we obtained the acceleration,
+lgL(e) +lrc(e) PLio=Cs PL@)=Prot+o .
Bwi/o=Ce Bwi1(®) = Pwio+ © presented by Equations (11 - 15).
1(p) - max for knot interlacing of thread By =C7 Bw2(0) = Bwop + © . . .
of stitch in the position H,, (Figure By = Cg Bw3(®) = Bwio + @ Figure 4, and the analytical relation-
4.1) and: ships corresponding to it do not consider
where the particular lengths are presented AP — I5p PB - Ipg removing the thread from the thread
by Equations (2 - 5). BL-1gp LC—-I¢ tensioner.

1 il
L ((p):[rAz-i— rP2 =21, 1, -cos(C4—C1 + (p)]? 2) | ((p)=[rL2 + rB2 =21, 1, -cos(C2 -C; —(p)]? (4)
Lpg ((P): [rP2 + r132 - 21 1y COS(CZ_ C,- (P)]i (3) lic ((P):[rLZ + rc2 =21 1. -COS(C5 -C, ‘HP)]5 (%)
V(@) = V(@) = V(@) + Vi(@) + Ve (9) + vic(@)  (6)
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[rpz ‘H‘B2 _er Iy 'COS(CZ _C4 —(P)]%

Equations 2, 3,4, 5, 6, 7, 8, 9, and 10.
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Figure 5. Changes to the conditions of thread control by the disc take-up: 5.1 In the zone of feeding by the thread needle and bobbin caused
by the changes of a distance of working point of take-up W; from the rotation centre of the take-up disc (ry), 5.2 In the zone of thread
delivering from the bobbin system, stitch formation and feeding by the needle thread caused by the changes of the distance of working point
of take-up P from the rotation centre of the take-up disc (rp).
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Equations 11,12,13,14, and 15.

Analogous relationships can be derived
for the whole interval of the angle posi-
tion of the take-up disc. The number of
branches into which the thread distance
is divided in the take-up working zone
depends on the number of active barriers
of the take-up disc.

Displacement of the thread end in the
take-up acting zone (point K in Figure 4.2)
can be determined in the following way:

$ = linax — 1(9) (16)
where:
Imax — the maximum thread length in the
take-up acting zone,
I(¢) —the moment length of thread in the
take-up acting zone (Equation 1).

The speed and acceleration of point K
can be determined in an analogous way.

In order to assess the influence of the
constant (A, B, C) and moving (L, P, Wy,
W), W3) barrier positions (Figure 4) on
the conditions of thread control, a special
Take-up disc 1.0 system was elaborated
in the Delphi 7.0 environment. This sys-
tem uses components of the VCL Bor-
landa standard library. The application is
designed as MDI, which enables simulta-
neous following the many configurations
determined by the position of constant
and moving barriers belonging to the
thread take-up system.
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(15)
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The Take-up disc 1.0 system enables the
calculation of thread lengths for a given
configuration of take-up and for any
given angle position of the main machine
crankshaft (¢). Figure 5.a illustrates the
example of thread length changes for se-
lected positions of take-up barrier P, act-
ing on the thread on the right side of the
take-up disc (see: Figure 4.3), whereas
Figure 5.b shows selected positions of
barrier W acting on the thread on both
sides of the disc.

B Summary

Summing up, it should be pointed out
that when describing the task which
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the thread take-up should perform in
the sewing machine, distinguishing the
thread demand by the needle, bobbin and
transporter, as well as the thread overfeed
in the process of stitch formation (which
is done by the take-up in the feeding by
the thread phase), is very important. The
graphs obtained experimentally and pre-
sented in Figure 2 and 3 prove this.

Of special interest is the disc take-up, the
construction of which creates possibili-
ties for shaping the thread control curve.
This applies to the thread feeding as well
as thread selecting, as is presented in
Figure 5.

We can predict the creation of take-up
configuration with different numbers and
positions of moving and constant barri-
ers, followed by an assessment of the
acting conditions of these barriers on the
thread in the real sewing process. This
may lead to introduction of regulation
points which depend on thread and fabric
properties, for example due to stitch for-
mation conditions.
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INSTYTUT WEOKIEN CHEMICZNYCH
INSTITUTE OF CHEMICAL FIBRES
LODZ, POLAND Established in 1952

The Institute of Chemical Fibres specialises in scientific and technological
research in natural and synthetic polymers and man-made fibres, including among
others the following:
modification and utilization of natural and synthetic polymers, e.g. cellulose,
lignin, chitin, chitosan, starch, alginates, keratin, polyamides, polyester, polypro-
pylene, etc.;
classical, modified, and new generation man-made fibres manufactured from
natural and synthetic polymers, such as cellulose, cellulose carbamate, chitosan,
polyamide, polyacrylonitrile, polyester, and polypropylene, especially alternative
technologies of cellulose fibres, such as cellulose fibres made from direct soluble
cellulose;
special fibres and fibrous materials from different polymers, fibres and fibrous
materials for medicine, food industry, agriculture, and technics;
biotechnology methods for synthesis and processing of polymers and fibres;
biodegradable polymers and fibres, and their applications in medicine, technics,
and agriculture;
new generation of biomaterials;
utilization of polymeric wastes and by-products;
use of special polymeric materials for environmental protection.

The Institute of Chemical Fibres offers:
new technologies based on own research, as well as in cooperation with other
Polish and foreign research centres and companies;
improvements for existing technologies;
technologies and techniques in laboratory scale and up-scaling to commercial
units.

The Institute of Chemical Fibres provides services in:
metrological analyses (in the Accredited Analytical Laboratory);
microbiological analyses (in the Accredited Analytical Laboratory);
physical-chemical and biochemical analyses for biopolymers, synthetic
polymers, and enzymes (according to GLP system);
biodegradation tests for polymers, fibres, and textiles;
scientific, technical, standardization, and patent information;

The Institute of Chemical Fibres also offers production and delivery of specialty
products, for example special polymeric materials for medicine, pharmacy, and
agriculture.

The Institute of Chemical Fibres maintains wide contacts and cooperates with
research centres, universities, and industry in Poland and in many other countries
like Austria, Finland, France, Germany, India, Japan, the Nederland, Norway, and
the USA.

The Institute of Chemical Fibres participates in international research pro-
grammes. In recent years, the Institute participated in the EUREKA, INCO COPER-
NICUS and MARIA SKLODOWSKA-CURIE European Scientific Programmes, in
the NATO SfP (Science for Peace), COST 628, and COST 847 programmes, and at
present the Institute participates in EC projects on the basis of the 5" and 6" Frame
Programmes.

During the 48" World Exhibition of Invention, Research and Industrial Innovation
(WEIRII), Brussels Eureka'99 the Institute of Chemical Fibres was awarded the
"Croix de Chevalier" of the Kingdom of Belgium for the entire significant inventive
activity presented at the Brussels World Exhibitions during 1992-1998; whereas
during the 50" WEIRII, Brussels Eureka'2001, the late Professor Henryk Struszczyk,
the Managing Director of the Institute over the years 2002-2005 was also awarded
the 'Croix de Chevalier' for his entire outstanding inventive activity. Over the years
1992-2004 the Institute was awarded 5 gold and 6 silver medals, mainly in the fields
of biotechnology, medical textile products, and environmental-friendly manufac-
turing technologies
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