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Abstract—This paper surveys the fabric weavability and machine efficiency in the various weaving
looms such as Projectile, Rapiers, and Air-jet. Used projectile loom was Sulzer-PU, and FAST-R,
THEMA-11E, and Picanol-GTX were used for Rapier looms, as the Air-Jet looms, Picanol PAT and
OMNI types were used. Using these looms, 5 hamess worsted satin fabrics were woven for surveying
the fabric weavability and machine efficiency. Warp yam count of fabric is 1/40Nm, Sirofil, and filling
is 1/30 Nm, worsted. End breaks of warp and filling directions for the various types of looms are
measured and discussed with the mechanism of each loom. Warp and filling yarmn tensions are also
measured and analysed with open width of shedding motion of each weaving machine. And various
warp yam tensions with open width of shedding are measured and analysed according to the warp
yamn in various heald frame. These results dre also discussed with temples such as bar and ring.
Warp yarn tensions at the various positions on the fabric with various looms are measured and

discussed with fabric mechanical properties such as tensile, bending, shear and surface.

Japan, Switzerland, Germany and Belgium and

1. INTRODUCTION

so on. The large companies for production

Industry of textile machinery in Korea is very
fragile, especially so in loom industry for wor-
sted fabric. So, the looms for the worsted fabric
are imported from foreign countries such as

worsted fabric in Korea have sequential pro-
duction line such as spinning, weaving, dyeing
and finishing processes, but some small com-—
panies have only one production line such as
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weaving, dyeing or finishing. So, large fabric lot
in large companies is divided and delivered to
the small companies by small fabric lot.
Therefore, large quantity of fabric are woven by
various looms such as projectile, rapier, air-jet
in various small weaving companies, next they
are finished by small
companies. It is known that these production

various finishing

system makes fabric physical properties such as
hand, fabric thickness and

1-5)
homogeneous’ .

shrinkage non-
It is investigated that these
non-homogeneity of the fabric physical pro-
perties may be onginated from the difference of
loom among various causes even though the
loom setting is same®”.

this paper surveys the fabric
weavability and machine efficiency

Therefore,
in the
various weaving looms such as Projectile,
Rapiers, and Air-jet. Using these looms, 5
harmess worsted satin fabrics were woven for
surveying the fabric weavability and machine
efficiency. Warp yamn count of fabric is 1/40Nm,
Sirofil, and filling is 1/30 Nm, worsted. End
breaks of warp and filling directions for the
various types of looms are measured and
discussed with the mechanism of each loom.
Warp and filling yam tensions are also
measured and analysed with open width of
shedding motion of each weaving machine. And
various warp yarn tensions with open width of
shedding are measured and analysed according
to the warp yarn in various heald frames. These
results are also discussed with temples such as
bar and ring. Warp yarn tensions at the various
positions on the fabric with various looms are
measured and discussed with fabric mechanical
properties such as tensile, bending, shear and

surface.
2. EXPERlMENTAL

2.1 Specimen preparation

Used loom setting is shown in Table 1.
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Looms
shown in Table 2.

characteristics for specimens are

Table 1. Details of weaving design

Warp Weft

Wool 93% [Wool 100%

Fiber composition
PO Nylon 7%

Yarn count (Nm) |1/40 sirofil |1/30

Fabric structure |5 harness satin

G
Density | Y 378 %8
fabric
(per
10cm) Finished |421 283
Remark Warp : 18 x5=90 ends/in

Weft : 68 picks/in
Width : 70.3 66.0 59.0
Length : 97.5m 96.5y 91.0y

Table 2. The characteristics of looms for spec-

imens
PROJECTILE |AIR-JET
PI L | PICANOL
SULZER-PU CANO
-PAT -OMNI
RPM 360 630 700
Reed width {2200 1830
Harness Mechanical |[Electronic dobby
motion dobby
Weft ’ Projectile Nozzle & sub nozzle
nsertion
Let—off Electronic Electronic let-off
motion let-off
Range of {9.1-230 5.8-183
picking
Micro- Let off Pick find let off
Processor |motion motion




s2Agq, Aol 2L JoIAE A7 A A7)EE 3

RAPIER TYPE
THEMA-11|PICANOL-
FAST-R
-E GTX

RPM 520 530 530
R@ 2200 2100 1900
width
Harness .

. Electronic dobby
motion
Weft
. © . Rapier
msertion
Let-off

.0 Electronic let-off
motion
Ran f

ANBC 0L | 48-282 | 76-198 | 45-340
picking
Micro-proc . . .
Pick find let off motion

essor

2.2 Finishing process

Gray fabrics were processed on the same
finishing processes, each 3 yd of gray fabrics
woven by 6 types of weaving machinery as
shown in Table 2 were connected by over-
locking for processing in the state of same
finishing process. Finishing processes and pro-
duction conditions are shown in Table 3.

2.3 Measurement of weaving tension

Weaving tensions on 6 kinds of weaving
machines were measured using Defat tension
meter. Measured position was between tension
roller and drop wire on the loom.

Various yamn tensions on the each heald
frame from 1% to 5" were measured at the
vicinity of the center of loom.

Yarn tension along full width of each loom
was also measured on the 5" heald frame from
left side to right on the back of the loom. The
weaving efficiency in each loom was measured
by nurnber of end breaks both warp and weft
per 100,000 picks.

Table 3. Finishing process and conditions

Process Condition

Gas singeing 100 m/min, Gas 9 bar
both side singed

Solvent scouring 25 m/min

Scouring 507,

soaping for 20 min
rinsing for 30 min
soaping for 45 min
rinsing for 50 min

Dry 110C

over feeding ratio 5%
Fabric dyeing 100°C
Dry 110TC

over feeding ratio 5%
Shearing 20 m/min,

2 times for surface,

ones for back

Continuous decatizing {15 m/min

19 m/min,
pressure : 30 kg/cm

Kier decatizing

24 Measurement of warp movement

At the upper state of the heald frame, the
distance from the fixed guide of heald frame to
the upper line of frame is the amount of upper
shedding, the lowest state of the heald frame is
the amount of lower shedding.

The warp movement is calculated by the
difference between the amount of upper

shedding and lower shedding.

2.5 Measurement of fabric mechanical property

16 mechanical properties of gray and finished
bending,

compression and surface woven from 6 kinds of

fabrics such as tensile, shear,

looms were measured by KES-FB system.
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Table 4. Loom efficiency and r.p.m. of various looms

[ Pick Loom stop number Stop %
RPM | Eff. | X | Hour |Total| warp | Weft | other | Warp | Weft
" B { 100000 | 341 | 210 | 49 82
Projectile | SULZER-PU 300 (&5 8 Hour 53 | 32 08 13 616 144
Rapier _ 100000 | 304 | 209 | 82 13
FAST-R /2 |81 T Howr 58 | 40 15 03 63.8 270
100,000 | 451 | 284 | 111 | 56
THEMA-11-E 399 | 756 | 8 Hour 31 51 20 10 63.0 246
100000 | 417 | 31.7 | 62 3.8
PICANOL-GTX | 402 {673} 10 Hour 68 | 52 10 06 76.0 149
PICANOL-OMNI | 500 | 670! 10 100000 | 466 | 95 | 358 | 09 21.2 76.8
Air-Jet Hour 9.4 2.0 72 0.2
100,000 | 462 | 222 | 216 | 24
PICANQL-PAT | 520 [ 650 10 Hour YREY a4 05 481 468

Note : % =No. of keeping looms/person

3. RESULTS AND DISCUSSIONS

3.1 Weavability of 6 kinds of looms

Table 4 shows the loom efficiency and r.p.m.
of looms.

Fig. 1 shows the diagram between rpm. and
efficiency of various looms.

As shown in Fig. 1, as rpm. of loom
increased, efficiency of loom decreased.

Weaving efficiency of Picanol, air-jet machine
shows the lowest, the reason why this phe-
nomena is shown seems to be high rpm. and
high keeping machine per one person ie., 10
looms per person. Fig. 2 shows the diagram on
the percentage of end breaks of warp and weft
of the various looms.

| " RPM o Eficercy(%) |

Fig. 1. The diagram between r.p.m and effi-

ciency of various looms.
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Fig. 2. Percentage of the end break of warp

and weft to the various looms.

As shown in Fig. 2, the percentage of weft
yarn break for the Air-Jet is higher than that of
rapier and projectile looms, on the other hand,
for the rapier loom, warp break is higher than
that of other looms. For the air-jet loom, weft
insertion makes weft yam break, and for the
rapier, rapier itself makes warp yarn break.

3.2 End break and tension of weft yarns

Table 5 shows weft yarn tension of various

looms.
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Table 5. Weft yarn tension of various looms

Weft RPM | Break
Tension of weft
(gh) (No.)
Max. | Min.

SULZER-PU 43 0 300 49
FAST-R 34 0 382 8.2
THEMA-11-E &34 0 399 | 111
PICANOL |GTX 99 0 402 6.2
OMNI | — — | 500 | 358

PAT — — | 520 | 216

SULZER FAST THEMA PGTX

Loosrs
RPM @ Wt ension(g)

" mNumberofweRbmak

Fig. 3. Diagram of weft yarn tension, r.p.m.
and no. of weft yarn break.

Fig. 3 shows the diagram of weft yarn
tension, r.pm. and number of weft yarn break
of various looms as shown in Table 5.

For air-jet weaving loom, weft yarn tension
could not measure because of high frequency of
nozzle movement as weft yam is inserted. As
shown in Fig.3, good correlation between r.p.m.
of loom and weft yarn tension is shown and
this is correlated with number of weft yarn
break except the Picanol-GTX loom. For the
Picanol-GTX loom, even though weft yam
tension is high, 99 gf, number of weft yamn
break is low, as the case of Sulzer projectile
loom. This is an advantage of Picanol-GTX
loom.

As shown in Table 5 number of weft break

of Picanol-OMNI of air-jet loom shows 358,
this is higher than that of Picanol-PAT. Fig. 4
shows the graph of weft tension of various
rapiers and projectile looms.

As shown in Fig. 4, in Sulzer loom, an
instant tension increased and quickly decreased
during flying the projectile, only one mountain
peak is shown, on the other hand, in case of
rapier looms, yarn tension increased quickly as
gripper keeps the weft yarmn and as 1st and 2nd
rapier meet, instant yarn tension decreased
quickly to the zero yam tension and then the
yam tension increased again as the 2nd rapier
keeps the weft yarn, and as the 2nd rapier
drops the weft yarn, yarn tension decreased to
zero value, so two mountain peaks are shown
and repeated.

100

N

PROJECTILE(SULZER)
100 100

mo

=
-

o ]

A )

RAPIER{THEMA)

s

ot NUNR AR i o
RAPIER(FAST)

Fig. 4. The graph of weft tension of various

rapiers and projectile loom.

3.3 Relationship between the amount of shed

and warp yarn tension

Table 6 shows the amount of shed and warp
yarn tension.

Fig. 5 shows the relationship between warp
tension and the amount of shed of various
looms.

J. of the Korean Soc. of Dyers and Finishers, Vol. 12, No. 1(2000. 2) / §
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increased also as shown in Fig. 5. Even though
the amounts of shed of Picanol-GTX and
Picanol-OMNI used bar temple are larger than

that of rapier loom used bar temple, warp
tension is lower by about 30%.
On the other hand, correlation between warp

Shed amount (mm) .
Warp tension(g) .

yvarn tension and warp break could not find as
shown in Table 6.

Fig. 6 shows the graph of warp yarn tension of

various looms Fig. 6 is the result of warp tension

" SULPU ";}AS‘TH;:R, FOTX o PoMNT! on the yamn at 15cm from left side of loom.
___________ T Fig. 7 shows the number of warp break, the
Fig. 5. Relationship between warp tension and amount of average shed and warp tension
amount of shed of various looms. shown in Table 6.

For the Sulzer and rapier looms, the ranges
As shown in Table 6, warp tension of loom of the shed amount of Sulzer and FAST looms

used bar temple is lower than that of ring are low and the number of warp break is 21
temple by from 30 % to 50%. And as the ends, on the other hand, the range of the shed
amounts of shed increased, warp yam tension amount of P-GTX is very high and the number

Table 6. The amount of shed and warp yarn tension

.| Warp .
1 2 3 4 5 6 | AVG. | Ratio Ratio
Break
Shed
77 84 91 98 102 904 | 1044
P-GTX amount 317 | 1517
Bar Tension | 31 31 32 K% 37 33.0 | 100.0
Shed
Temple 73 | 8 | 93 | 102 | 118 936 | 1081
P-OMNI | amount 99 | 474
Tension| 36 36 39 40 43 380 | 1152
Shed
& 86 86 0 3 890 | 1028
SUL-PU | amount 210 | 1005
Tension | 66 65 58 59 56 60.8 | 1842
Shed
81 83 86 0 93 86.6 (100.0
FAST-R | amount 209 | 100.0
Ring - | Tension{ 43 45 50 %6 58 504 | 1527
Shed
Temple 76 | 79 | 8 | - | 100 | 105 | 896 | 1035
THEMA-E | amount 284 | 1359
Tension | 47 50 54 - 51 53 | 51.0 | 145
Shed
87 92 104 111 117 1022 | 1180
P-PAT | Amount 222 1 106.2
Tension | 40 45 54 50 56 490 | 1485

6 / BRFEMTREEE F128 H138(2000. 2)



zaAgd, dujo] 21 dqAE H719 MY H71Ee 7

of warp break is also large, 31.7 ends, this
phenomena is also the same for THEMA loom.

Therefore, it seems to be well correlated
between the range of shed amount and warp
break ie., the wider the range of shed amount,
the larger the warp break.

On the other hand, as shown in Fig. 7, it
seems that warp break is not correlated with
warp yam tension.

100 50

i‘ ‘i i

M '
j ‘ i
1A
I Vot mmmnn ] et et l;vl/u \',.,
0 0

PROJECTILE(SULZER) RAPIER(PICANOL)

100 100 S0

7 -
i "‘i I‘L tminitin, {7 pomasra e,
Y Vo h
o

RAPIER(THEMA)

NV P

-?JMJ vy

AIR-JET(PICANOL)

D
RAPIER(FAST)

Fig. 6. The graph of warp yarn tension of
various looms.
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Fig. 7. The graph of number of warp break,
amount of average shed and warp ten-
sion.

3.4 Warp tension variation along fabric width

Fig. 8 shows warp tension variation along
fabric width of various looms.

Warp tension variation of Picanol-GTX used

bar temple was not shown in Fig. 8,

On the other hand, for the Sulzer, FAST and
THEMA looms used ring temples, the warp
tension of the fabric center area is higher than
those of left and right sides of fabric. For the
surveying detail warp yarn tension, warp yarn
tension was measured on the 7 th heald frame.

Fig. 9 shows detail warp yarn tension along
fabric width.

80

N . ]
«PGTX -a-SULZER - FAST -+ THEMA
00 - -

Lt i5 60 90 60 15 R1
Position of measurement

Fig. 8. Warp tension variation along fabric
width of various looms.
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Fig. 9. Detail warp yarn tension along fabric
width.

As shown in Fig9, it is shown that warp
yamn tension variation between left and right
sides of fabric is very high, and the tension of
right side of fabric is lower than that of left
side of fabric.

Warp yarn tension variation between right
and left sides of fabric makes color difference

J. of the Korean Soc. of Dyers and Finishers, Vol. 12, No. 1(2000. 2) / 7
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between right and left of fabric, this phenomena
deteriorates garment quality in clothing factory.

According to the result of Fig. 9, it seems
that color difference between right and left sides
of fabric can be diminished by reducing warp
yam tension variation between right and left
sides of fabric using bar temple.

These tension variations may be originated
from warping tension variation for sectional
warping.

For confirming warping tension varation for
sectional warping, warping tension was mea-
sured on the each band on the sectional
warping machine, UK 305S.

Table 7
sectional warping machine.

shows warping tension on the

Table 7. Warping tension on the sectional warping

machine
Measured Tension (gr)
Band No. . -
point Max. Min. | Avg.
1 - 61 0 18
4 25m 43 2 16
130m 50 2 17
6 25~400m | 49 0 13
400~680m| 53 0 16
1 50m 45 1 18
12 50m 43 1 18
13 50m 39 4 17
14 50m 36 3 17
15 Cone change
As shown in Table 7, warping tension

variation was from 0 gr to 60 gr, as can see in
6th band, warping tension is increased with
increase of yarn layer on the warp drum and
vam speed. Warping tension difference between
1st band and last band was very large, warping
tension was decreased with increase of band
from 1st to last band.

This phenomena is related with ballooning

8 / BERREMTEE F12& F197(2000. 2)
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tension from cone i.e. unwinding tension from
full cone at 1st band is larger than that from
thin cone at the last band.

This is future topic for reducing warping
tension variation among bands and weaving
tension variation between right and left sides of
fabric.

3.5 The

fabrics woven by various looms

mechanical properties of finished

3.5.1 Fabric extensibility

For surveying the effects of the looms and
finishing process to the fabric extensibility,
tensile properties of gray and finished fabric were
measured using KES-FB1 system. For five kinds
of looms, gray fabrics of left, center and right
sides on the fabric were used as a specimens and
gray fabric was processed on the finishing
process. The processing method in the finishing
was adopted by two ways. One way was
continuous processing with five kinds of gray
fabrics by sewing, the other way was discrete
processing with five kinds of grayfabrics.

EM(%)
;j T
i s

r

p-

P
I RPL
RP-C
RP-R
REL

F-

F

-

T B NGay —
' EM-2AGry}

- R el itsetondl

Note : A-P-L : Air jet Picanol (OMNI) Left
R-P-C : Rapier Picanol (GTX) Center
R-T-R : Rapier Thema (11E) Right
R-F-L : Rapier Fast (11E) Left

P-S-C : Projectile Sulzer (PU) Center

Fig. 10. Fabric extensibility with various looms.
(EM-1 : Warp, EM-2 : Weft)
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Fig. 11. Bending property of gray and finished
fabrics woven by various looms.

Fig.10 shows fabric extensibility with various
looms.

As shown in Fig.10, for the warp extensi-
bility of gray fabric, projectile(Sulzer) and
rapier(THEMA) show high values, then these
looms show high warp yarn tension and low
shed amount for weaving as shown in Fig. 7.
This means that the higher warp yarn tension
and the lower shed amount, the more extensible
of gray fabric. And the variation of extensibility
on the right, center and left sides of gray fabric
woven by Sulzer and THEMA weaving looms
is also larger than those of other looms.

But, it is shown that these vanations of gray
fabric among various looms are less than those
due to finishing process. As shown in Fig.10,
the warp extensibility of finished fabric for the
continuous( ——) and discrete( ——) finishing
shows quite difference compared to gray fabric.
And comparing between continuous and discrete
finishing, the variation of warp extensibility
among various looms by continuous finishing
(——) is smaller than that of discrete finishing
(—=—).

Especially, the variation on the right, center
and left sides of fabric of warp extensibility of
finished fabric( ——)woven by air-jet{Picanol
A-P-LCR) and rapier(Picanol-GTX R-P-L_C,
R) looms is larger than that of other looms.

And comparing with weft extensibility of
finished fabric between continuous and discrete
finishing processes, continuous finishing is more
even than that of discrete finishing. Among five
looms, the variation of fabric extensibility of
air-jet(Picanol-OMNI, A-P-L,CR) and projectile
(Sulzer, P-S-L,CR) looms is the smallest both
warp and weft directions, gray and finished
fabrics, continuous and discrete finishing, re-
spectively.
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Fig. 12. Shear rigidities of gray and finished

fabrics with various looms.
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Fig. 13. Coefficient of friction of gray and fin-
ished fabrics.

3.5.2 Fabric bending property

Fig.11 shows bending property of gray and
finished fabrics woven by various looms.
First, at the state of gray fabric, warp bending

J. of the Korean Soc. of Dyers and Finishers, Vol. 12, No. 1(2000. 2) / 9
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rigidity of gray fabric woven by Picanol looms
(air-jet and rapier), which were shown low warp
yam tension as shown in Fig.7, shows low values
compared with other rapier looms(THEMA,
FAST) and projectile(Sulzer).
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Fig. 14. The fabric thickness according to the

various looms.

After gray fabrics were finished, the effects
of high tension for weaving remained for the
case of continuous finishing, i.e., the variation of
bending rigidity among right, center and left
sides on the fabrics woven by Rapier looms
(Picanol and THEMA) was not shown on the
finished fabrics, which showed lower warp
tension variation for weaving as shown in Fig.8.

For the rapier(FAST) and projectile(Sulzer)
looms, the bending rigidities on the center of
the finished fabrics shows the highest values
comparing to the right and left sides on the
fabrics, which is originated from high tension
for weaving. And it is shown that there was no
variation of the bending rigidity on the finished
fabric between continuous and discrete finishing
method for the fabrics subjected under low
warp yam tension during weaving, on the other
hand, for the fabrics subjected under the high
warp yamn tension during weaving, the variation
was high as shown in Fig. 11.

3.53 Fabric shear property
Fig. 12 shows shear rigidities of gray and

10 / SERR-EM TR F124% $155(2000. 2)
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finished fabrics with various looms.

Shear modulus of gray fabrics as the same of
bending rigidity shows the variation according
to the weaving looms as shown in Fig. 12, ie,
High weaving tension makes shear modulus of
gray fabric high, ie., shear modulus of gray
fabric(—e— )woven by Picanol(air-jet and
rapier), which shows low warp tension during
weaving, is lower than those of gray fabric
woven by other rapier looms(Thema, FAST)and
projectile Sulzer) as shown in Fig. 12. But these
variation disappears after finishing, then shear
modulus of finished fabric between continuous
(——) and discrete( — finishing shows large
difference. These phenomena demonstrate the
importance of finishing process to the fabric
shear property, which can be compared to the
importance of weaving process to the fabric
bending property.

3.5.4 Fabric surface property

Fig. 13 shows coefficient of friction of gray
and finished fabrics with various looms.

As shown in Fig. 13, the varation of the
friction (MIU) of gray fabrics
{ —e—)according to the various looms is less
than that between right and left sides on the
fabric, and the variation of the MIU of finished
fabrics by continuous method(—+—) according

coefficient of

to the various looms is also less than that
between right and left sides on the fabrics. But
the variation of finished fabric by discrete
finishing method(——) is increased with various
looms and right, center and left sides on the
fabric.
These
importance of finishing process to the fabric

phenomena also demonstrate the

surface property.
3.5.5 Fabric thickness

Fig. 14 shows the fabric thickness according
to the various looms.
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As shown in Fig. 14, the vanation of the
fabric thickness after continuous finishing(——)
does not show anymore among various looms
and right, center and left sides on the same
fabric.

But for the discrete finishing(—=—), these
variation is shown among looms and according
to the position on the fabric.

This shows that finishing process is more
important than weaving tension for the control
of even fabric thickness.

3. CONCLUSION

Linear relationship between warp yarn ten-
sion and shed amount of loom was shown, then
there was no relation between warp yam
tension and warp yam break. Warp yam tension
variation between edge sides of fabric and
center of fabric is about 20 gf, the highest at
center part and the lowest at the right side as
viewed in front of loom.

These shed amount and warp yarn tension
affect extensibility and bending rigidity of fin-
ished fabrics, i.e., the higher warp yarn tension
and the lower shed amount, the more extensible
gray fabric.

The warp extensibility of finished fabric for
the continuous and discrete finishing shows big
difference, the variation of warp extensibility
among various looms by continuous finishing is
smaller than that of discrete finishing.

Warp bending rigidity of gray fabric woven
under low warp yamn tension shows low values,
after finished, the effects of high warp yamn
tension for weaving remained for the case of
continuous finishing, The bending rigidity on
the center of the finished fabrics shows the

highest values comparing to the right and left
sides on the fabrics, which is originated from
high tension for weaving.

Shear modulus of gray fabrics shows the
variation according to the weaving looms, ie.,
high weaving tension makes shear modulus of
gray fabric high. But, these variation of shear
modulus of gray fabric disappears after fini-
shing, this demonstrates the importance of
finishing process to the fabric shear property.
Fabric surface property is almost same as the
fabric shear property.

And finishing process is more important than
weaving tension for the control of even fabric
thickness.
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