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THEORETICAL AND EXPERIMENTAL STUDIES FOR THREAD .
FLOATING IN THE FABRIC
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This paper includes firstly a theoretical study of the combined
effect of dimensionless fabrlc construction factors such as thread
diameter, thread spacing, thread displacenent from fabric
centre,degrea of thread flattening and £flcat ratic on crimp
interchange between varp and weft threads.

The obtalned relations determines accurately the crimp percent
for both warp and weft under any presumed construction,the
mathematical relatlions betwveen varp and veft wvrap angles due to
change of float ratio vere also determined through the
corrospondant change of tha relative thread displacement from
fabric centre based on fabric force analysis.

This previous relatlon paved the vay to correlate mathematically

the relation betveen the float ratlio and crimp percent in both
irp and veft under different thread spacing vhich shoved that the
“nge in thread spaclng has insignificant effect on the relation
wween float ratlo and relative thread displacement.

iThe study included secondly an experimental measurement of varp
ton for simple plain veave. and veft rib wveave voven
ftaneously on the same projectile weaving machine slde by side
~ vas possible to change the weft float and mentain the same
Eeedlng rate.

he results shoved a very good encouraging aqreement betveen
‘mental and theoretical results, the experimental measurement
ncluded the wvarp tension variation within and betwveen heald
),'& during the normal weaving process.
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INTRODUCTION

The flpal crimp values of warp and veft threads 1in the fabrlc
depend on the follovwing three main factors:

1- The characterlstlic of the dimensional construction of fabric
such as thread dlameter, thread spacing, degree of flattening of
threads, degree of thread displacement from fabric axis and fabric
structure. )

li- The mechanical characterlstics of wvarp and weft threads
specially the behaviour of warp and veft threads under the effect
of bending stress.

1i1- AdJjustment of weaving machlne during weaving process such as
warp- and weft-tension, timing of beating-up process and symmetry
of shed.

The final value of crimp percentage together with the
structural parameters affect the dimensional characteristic of
fabric such as fabric thickness, fabric welght, volum density
of fabric and maximum value of cover factor. These dimenstlional
characteristics affect the mechanical and ©physlical properties
of the fabrlc such as fabric strength, fabric extension,alr- and
vater- permiability of fabric and thermal conductivity.

The value of crimp lnterchange for warp and weft threads in the
fabric varles according to fabric position on the weaving machine
beginning from cloth £fell up to cloth beam /l/. The elastic
variation in crimp lInterchange could be changed to a plastic
deformation due to the mechanical stresses during the end uses of
the balanced fabric /2/.

The simple empirical mathematical models /6/ demand more
modifications to determine the effect of the combined parameters
specially by using the electronical computing systems /1/. In this
vork the simple mathematical models wvere improved and modified in
form of dimenslionless relations to determine the effect of these
conbined1“parameters on the values of crimp interchange using the
modern coputing systems.

By measuring the value of warp tension during weaving process it
wvas found that the mean value of warp tension decreases with
increasing the £float ratio /7/, the value of wvarp tension by
veaving a twill fabric 1s lover than the warp tension value by
veaving a simple plain veave fabric. The positioning of warp
threads in the heald shafts affect the value of warp tension, due
to the large displacement of the last heald shaft than the firast
heald shaft (to form a clear shed) the warp threads in the last
heald shatt have a high value of warp tension than the warp
threads in the first heald shaft /8/ and /10/.

Some times to produce fabrics with certien characterlstics !
vweaving proceas must be occured at unsymmetrical shedding ¢
dlsplacement of the lower shed ils higher than the displacement
the upper shed),the value of warp tension was varled accordincg
the difference in the displacement between sheds /9/.

In this work the value of warp tension (static and dynamic’
measured on a projectile weaving machine under the etffect c
folloving parameters:

i- Type of fabric structure, plain wveave and weft rib veave
by side on prijectile weaving machine.

1i- Positioning of varp threads 1Iin heald shafts, fir=
last heald shaft.

iii- Posit1on1ng of varp threads in heald shaft, left-mlddel-r

il
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THEORETICAL STUDIES

1- Effect of relative thread diameter, relative thread
displacement and degree of flattening on criap lnterchange
betveen varp and veft threads

l1-a) Nomenclature:

2a thickness of flattened thread

at =half varp thickness {(al}) + half weft thickness (a2)
A = a/at relative thickness of flattened thread
2b width of flattened thread

C% crimp percent

e = a/b degree of flattening

h thread displacement from fabric axis

H = h/r relative displacement

K = Ls/at relatlve spacing of flattened thread
2Ls thread spacing

n = Number of threads per float

r radius of thread

rt= rl + r2, total radius of warp and weft thread
= r/rt relative radius of thread

8 = Ls/rt relative thread spacing

= thread tension

8 . half wvrap angle betwveen warp and weft thread
suffix 1 for varp thread

suffix 2 for veft thread

1-b) Bffect of relative thread diameter on crlap lnterchange at
different thread spacing

] !
Fig.l Cross section of half repeat for balanced plain veave

Flg.l shows a veft cross section for a half repeat of balanced
plain weave structure, the balanced structure means that the cross
section of threads in a square fabric is symmetrical arcund fabric
axis, the crimp percent could be calculated as follovs:
consldering the triangles OEP and OBP to calculate the straight-
and round-part of the warp thread axis PBD.

Cl% = ((rt.e1+ Vrfz + (L82)"2 - rt~2) / Ls2 - 1) . 100
vherae,
al =t§f-B1=azctan(rt/Vi2“2 + (L82)~2)-rt~21~ arctan(r2/La2)

and the equation of crimp in dimentionless form is:

Cl% = ((Bl + VR2°2 + 82°2 - 1) 7 82°2) - 1) . 100 ..c..... (1)
vhere, —
@l = arctan (1 / VR22 + 82°2 - 1, - arctan (R2 / 82)
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and analogqous the crimp percent for weft thread is,

C2 % = ((82 +\R1~2 + 81°2 - 1) / S12) = 1) . 100 ....... (2)

vhere,
82 = $,-B, = arctan (1 / YR1~2 + S1-2 - I) - arctan (Rl / §1)

CRIMP INTERCHANGE-RELAT, THREAD DIAMETER
at different relative thread spacing

: Crimp 7 ——————  wentorimp (C2) -_  warp crimp (C1)

. B1=3 ! S2=1
\\sx-xj \ | P
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Fig.2 Crimp percent versus relatilve thread diameter

Fig.2 shows the behaviour of varp and wveft crimp as a function
from relative thread dlameter at a different thread spacing, the
value of thread crimp increases wvwilth increasing 1its relative
thread diameter. At a conatant relative thread dlameter the value
of thread crimp increases with decreasing thread spaclng, the wvarp
and wveft crimp have the same value at a relative thread dlameter
equal to 50 % (rl=r2=rt/2).

1-c) Effect of relative displacement on crimp interchange at
different values for relative thread diameter and relatlive

thread spacing

In the latter model 1t was assumed that the cross sectlion of
thread diameters are tangential to fabric axis, in many cases the
tangential to thread cross section is displaced from fabric axis
due to the following factors:

- The characteristics of warp and weft threads (such as bending
rigidity} are different.

- The type of fabric structure affects the wrapping angle betwveen
varp and wveft thread.

- The wvariatlon in the values of warp and wveft tenslon during
veaving process.

In this model It was assumed that the tangential for thread
cross sections was displaced a distance from fabric axis

v
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Flg.3-A Weft cross section Flg.3-B Warp crosg sectlon

Fig.3-A represents a wveft cross section with a tangentlal
displacement (h) for thread cross sectlions £from f£fabric axis,
Fig.3-B shows the warp cross section at the same displacement.

The value of warp crimp could be calculated from Fig.3-A as
follows:

Cl % = ((length of centerline PBD - Ls2) / Ls2) . 100

Cl % = ((zt.el + V(h + 1r2)~2 + (Ls2)~2 - rt~2) / Ls2 - 1).100

vhere,

8l = $,~ B, = arctan (zrt / V(h + £2)°2 + (L82)"2 -~ rt~2)
- arctan ((h + r2) / La2)

and the equatlon of wvarp crimp in dimensionless form is,

Cl s = ((81 + Y(R2+ H1.(1-R2))~2 + 82-2 -1} 7 82 - 1).100 ...(3)

where
el = & - B, = arctan (1 /V(R2 + HL . (1-R2))-2 + 82°2 = D)
- arctan ((R2 + H1 . (1 - R2)) / 82)

and analogous from Fig.3-B the crimp percenf for weft thread could
be calculated as folloves:

€2 % = ((rt.e2 + Y(rl-h)"2 + (Ls1)~2 - rt~2) / Lsl - 1).100
where,

82 =$,-B,= arctan (rt /V(zl-h)"2 + (Ls1)"2 - rt~2)
- arctan ((rl-h)/Lsl)

and the equation of weft crimp in dimensionless form is,

€2 % = ((82 + V(R1- H2.(1-R1)})~2 + 81-2 -11/ S1 - 1).100 ....{4)
where,

82 =§1-32= arctan (1 /\/(Rl - H2 . (1 -R1))"2 + 81"2 - J:')
- arctan ((R1 - H2 . (1-- R1)) / 81)

Figs.4 and 5 show the relation between crimp percent and
relative thread displacement ,the crimp percent of the displacing
thread (warp thread) decreases with Iincreasing the relative
displacement (Hl1) but the crimp value of the dlsplaced thread
(weft thread) increases wlth increasing the relative displacement
(H2). =~ ’ . - . )
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CRIMP INTERCHANGE - THREAD DISPLACEMENT
at, different relative thread diameter

Crimp % R = 0.5

20 40 a0 80 100
Relative thread displacement Z (Hl & H2)

Fig.4 Crimp % versué relative displécenent

CRIMP INTERCHANGE-THREAD DISPLACEMENT
at different relative thread spacing

25

dh'p.l... cod thread (C2)
displacing threed )

20 40 143 a0 100
Relative thread displacement % (Hl & H2)

Fig.5 Crimp % versus relative displacement
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1-d) Effect of relatlve thread dlsplacement on crimp interchange
at different values of flattened thread

In the latter two theoretical models it was assumed that the
cross sectlions of the threads are circular, but due to the
compressilblility of the fibres in thread cross section the inter-
change force between warp and vweft threads Iin the fabric act to
deform the thread cross section to a flattened shape.

It was assumed in this theoretical model that the thread cross
sectlon has a race trac shape. Fig.6~A shows a half repeat of
flattened weft sectlion for a slmple plaln wveave structure with a
displacement h from fabric axis and Fig.6-B shows the warp section
for the same repeat.

From Fig.6-A the value of wvarp crimp could be calculated as
follows:

Cl % = ({(length of centerline PBDM ~ Ls2) / Ls2) . 100

by using the triangles OEP and OBP to calculate the stralght part
PP then,

Cl % = ((b2—a2+at.91+Vla2+h)‘2+(L52—b2+a2)‘2-(at)“iﬁ / Ls2 -1).100
where
o1 aTps2 -B1-$1 = T2/2 - arctan ((a2 + h) / (Ls82 - b2 + a2})

-~ arctan(¥(a2+h)*2 + (Ls2-b2+aZ) 2 - at 2 / at}

and the equatlon of crimp in dimenslonless form is,

Cls =((52/e-52+91+V(AZ+H1(1-A2))‘2+(K2-A2/e+k2)‘2—f) / K2 -1).100
tesnvrcsacnsnsslD)
and
®l =TT /2 - arctan {(A2 + H1(1-A2} / (K2 - A2/e + A2))
- arctan (A2 + H1(1-2A2))"2 + (K<Z ~ A2/e + AZ2) 2 ~ 1b

and analogous the crlmp percent for weft thread ls,

C2% =((Al/e-Al+82+ Y(A1-H2(1-A1))~2+(K1-Al/e+Al)~2-1) / K1 -1).100
e cees.l6)
and
82 = T0/2 - arctan ((Al - H2(1-al) / (K1 - Al/e + Al)}
- arctan MAl - H2(1-a1))~2 + (K1 -~ Al/e + A1)~2 - 1)
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CRIMP INTERCHANGE - THREAD DISPLACEMENT
different degree of flattaning

Crimp % La=2b & al=a2
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Fig.7 Warp and veft crimp versus relative diasplacement

Considering for example the thread spacing 2Ls=4b and thread
hight=at/2 then Pig.7 shovs the relation between crimp percent and
relative thread displacement at different degrees of flatteningqg,
the crimp percent for the displacing thread (warp thread)
decreases vith increasing the relative displaceamaent (Hl)and for
the displaced thread (weft thread) the crimp percent increases
with increasing the relative displacement (H2). The level of warp
and wveft crimp decreases with increasing the degree of flattening
(l1-e). In general the threads with a flattened cross sections have
a lov wvalue of crimp than the threads with clrcular cross
sections.

1-e) Effect of thread float on the lnterchange force between warp
and weft threads

The interchange force between warp and weft thread affected by
the float of the threads in the fabric, Flg. 8-A shows the thread
interlacing for a simple plain wveave structure and its varp cross
section, Fig. 8-B shows the thread interlacing in a weft rib
structure and its warp cross-section.

The lnterchange force between warp and weft threads could be
calculated as follaws:
for plain weave is,

2.71(pl.).sia 81(pl.) = 2.T2{pl.).aln 82(pl.)
Pl(pl.) = TZlpl.).sin 82(pl.) / sin €1l(pl.) .....-....{7)

and for wveft rib is,
(No.of ends).2.Tl(rib).sin 8l(xrlb) = 2.T2(rib).sin 2.82(rib)

?1(ribj = T¥lrib).sln 2.82(rib) / sin 81(rib) ........(8)
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from egs. 7 and 8 consldering the following conditions:
- weft rib and plain veave vas voven side by side with the same
veft thread
-~ warp threads has the same float in plain veave and weft rib
- thread spacing for both fabric structure is the same
then, '
Tl(rib)/Tl(pl.)= sin 2.82(zib) / n . 8in 82Z(pl.)

Fig.9 showva the relation between thread float and the reduction
in thread tension, the ratio of Tl(rib) / Tl(pl.) decreases with
increasing the weft float.

H= K o

T2\ [ T2\ i

Fig.8~-A Threads interlacing and Fig.8-B Thread interlacing and
varp sectlion for plain weave varp section for weft rib

RELATION BETWEEN THREAD FLOAT AND
THREAD TENSION

. Ratio (T! rib/T! pl.)

0.8
08
0.4~
0.2~
0 —_— ; . .
1 2 3 4 5 g

Thread float {n)

Pig.? Float of wveft thread versus ratio of warp tension
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EXPERIMENTAL STUDIES

1-

Specification of weaving machine and material used

Type of weaving machine ...............8ulzer PU Projectile
Weaving machine speed .................330 picks/min

Maximum reed BPACE ..cuivevscencsinseaasas? N

Warp width in reed .................,.1.8 m

Ends/CH ...eceesacrscecsccsasaseanersqsa2b, 2xlbtex, cotton
PICkS/CM  seevcarssrevsncroerencssraseal2, 95 tex, cotton
Number of heald shafts ................16

Fabric structure ......................plain weave and veft rib

instrumentation of wvarp tension measurements

The RES measuring head of tension measurement was used by
intiating resistant strain gauges electronically connected to
a measuring circut of 31 KHZI, the signal is then fed to an
aplifier of 500 KHZ and finally demonstrated by a cathod ray
oscilliscope vith a recording facilities the signal could be
later plotted graphically vith the suitable speed using a chart
recorder.

Exper imental procedure

Twenty seven single varp threads distributed across warp sheet
wvidth (seventeen wvarp threads across plain weave width and
tweleve warp threads across weft rib width) marked provided
that they pass through the last heald shaft and the last
dropper bar, also ten successive warp threads were choosen in
the left hand slde (plain weave), middle (plain weave) and the
right hand side (weft rib) of the first and last heald shaft at
a distance 2 cm from selvedge.

The measuring head of the RES were introduced through the
specified warp threads in the region between the oscillating
back rail and the last dropper bar to record their tensions
consegquantly.

The recorded tension cycles were obtained by running the
veaving machine first until stable weaving condition was
reached then twenty successive signals will be recorded and
stored, these twenty signal will then be transfered into chart
recorded at appropriate speed, the weaving machine then brought
to stop with the heald shaft level and the static warp temsion
then could be recorded at the end of the twenty cycles.

Evaluation of experimental results

Fig.10 shows a typical recorded signals of wvarp tension, the
average value of ten readings for each of the four described
parameters could be then obtained per warp thread, the same
procedure could be then repeated for the twenty-seven marked
varp thread te form the distribution across warp sheet width.
The same procedure could be repeated for every ten successive
warp threads and the average value per ten wvarp threads was
calculated.
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(1) Warp tension at
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(2) Maximum wvarp
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beating up by s i
upper shed . -
(4) Maximum varp ?
tension at )
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tension at aoll
closed shed i

0

Fig.1l0 Typical tension signal for varp threads in the last shaft
DISCUSSION AND CONCLUSION

~ It could be theoretically relating betwveen crimp interchange
{between warp and veft threads) and fabric characteristic such as
thread diameter, thread spacing, shape of thread cross-section and
type of fabrlec structure.

- As shown in Flg.2 1t wvas found theoretically that the threads
vith large diameters have a high value of crimp percent but
actually these threads have a high resistance to bending in the
fabric, therefor the threads with large diameters act to displace
the threads with small diameters against fabric axis as shovn in
FPig.3-2 and 3-RH.

- Pigs. 4 and 5 showv the effect of the value of relative
displacement on the variation in crimp percent, the value of crimp
for displacing thread equal to zero vwhen its centre line
becoma

stralght and has the displaced thread in this case its maximum
value.

- Practically the cross section of threads in the fabric wvas
flattened, the crimp percent for threads with circular cross-
section is higher than for threads with flattened cross-—
section (wvhen both threads under the same conditions). PFig.7
shows the effect of relative diaplacement, the behaviour of crimp
percent for warp and weft threads is the same as mentioned latter
in the case of circular thread cross section. The level of crimp
percent decreases vith increasing the degree of flattening (1l-e).
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- By analysing the interchange forces between warp and weft
threads in the fabric, it was found that the tension in warp
threads decreases with increasing the float of weft thread, ( see
Fig. 9). The crimp value affected by the interchange force between
warp and weft threads, the value of crimp Iincreases with
increasing the interchange force.

- By measuring the warp tension during weaving process ( Flg.l1l0)
shows a typlical signal £for the variation in warp tension due to
shedding. The warp tension by forming the lower shed is higher
than the tension by forming the upper shed, this is due to the
unsymmetry of the shed (upper shed has a smaller displacement than
the lower shed)

- The warp tension due to beating up process at the lower shed has
a smaller value than the maximum tension due to lower shedding but
the warp tension due to beating up process at the upper shed has a
higher wvalue than the maximum tension due to forming the upper

. shedding.

- Fig.11 shows the distribution of one static and four dynamic
varp tensions in twenty seven warp threads across the warp sheet,
the level of static and all dynamic warp tenslion In the weft rib
section is lower than the level in plain wveave section, this is
due to the varlation in crimp percent between weft rib weave and
plain weave which the plain weave has a higher value of crimp than
the weft rib wveave. :

- The maximum value of dynamic warp tension is due to forming the
lower shedding and the minimum value at the upper shedding. The
behaviour of four dynamic tensions is a function from static
varp tension, the value of dynamic tension increases with
increasing the value of static tension.

- The results showed a good agreement between theoretical and
experimental values of wvarp tension , from the theoretical
calculation it was found that at weft float n = 2,

varp thread tension for weft rib weave
= 0.5

warp thread tenslon for plain weave
and from the measurements (between temples) it was found that,

mean value of the max. dynamic warp tension in weft rib
= 0.52

mean value of the max. dynamic warp tension in pl.weave

- FPig. 12 and 13 show the values of the calculated warp tension
(calculated from ten successive warp threads) due to lowver and
upper shedding in the f£first and last heald shaft, the level of
wvarp tension 1n the last heald shaft is higher than the values in
the first heald shaft. The value of warp tension in weft rib weave
section has a small value in both first and last heald shaft
especially by forming the lower shed.

- Figs. 14 and 15 show the values of wvarp tension durlng beating
up in the lower and upper shed, the difference In the tension due
to beating up between first and last heald shaft is small. In weft
rib weave section the warp tension due to beating up is smaller
than the tension iIn plain weave section.
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Warp tension-projectile weaving machine
yarns from last heald shaft
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Fig.ll Statlc and dynamic warp tension acroas warp sheet
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WARP TENSION AT BEATING-UP (LOWER SHED)
first and last heald shaft

Warp tension {cN)

P i
middle (plain weave) right (weft rib)
Position of warp yarns in heald shaft

B firwt hoald shatt =] last henld shaft

Fig.14 Mean value of tenaion at beating up (lower shed)

WARP TENSION AT BEATING-UP (UPPER SHED)
firet and last heald shaft

160 Warp teusion (cN}

120

ll:ﬂ- {pixin weave) m.in (p woave) right (weft rib)
Poxition of warp yarns in heaid shaft

EE] first hoald shatt == last heald shaft

Fig.15 Mean value of tenslon at beating up {(upper shed)
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WARP TENSION DUE TO LOWER SHEDDING
first and last heald shaft

loo‘hq)hndun(dﬂ

Ieft (plain weave) middle (plain weave) right (weft rib)
Position of warp yarns in heeld shaft

55 first heaid shaft (3 last heald shaft

Fitg.12 Mean value of tenston for ten varp threads at lover shed

WARP TENSION DUE TO UPFPER SHEDDING
first and last heald shaft

100 Warp tension {oN)

. Position of warp yarns in heald shaft

Fig.13 Mean value of tenston for ten varp threads at upper shed
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- To obtain on a homogenous distribution of crimp values across
fabric width the following parameters must be considered:

a) the variation in thread float due to the different produced
fabric structurae must be within a certain limits.

b) the variation in the value of warp tension due to effect of the
used temple should be small.

¢) continuity in the feeding of warp threads from warp beam during
weaving process

d) high guality of wvarping process for warp beam
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