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ABSTRACT:

In the present work, the mutual effeet o air pressure al  puzzles
and posil.ion of back nozzle willr rumpocl Lo main noxzle on lnitlal ajr
drag, final air drag and yorn insecition time is  analysed. This
simulate a multi color air jet inserLion system. Factorial design
technique using Box and Hunter method is applimd. The analysis shors
Lhat. the alr pressure and Lhe position of Lhe back nozzle in terms of
iLs digtance I'rom Lhe maio nozzle and Lhe angle  between  the nozmzleos
axes have a signilfican!, elffecl on alr drag and yarn insertion. This
helps in selecting a suitable position of Lhe back nozzle to get o
gmall yarn ingertion Lime at a cousiderabille air pressure.

L—-INTRODUCTION:

The recent years show a remarkable development, in air jel weaving.
The resullb is an air jet weaving machine capable of weuaving o wide
range of [abrics at a high rate of filling inxertion., up Lo 2000 msmin
vas shown in ITHA 87. Spun and continous filamenl yarns are Laserted
by alr Jjel lor a large distance withoul any problems. This is due Lo
Lthe precision design of the air jel Cilling inserlion system and  the
cantrol of supply air pressure. Three Lypes of filling inserlion
syslems were shown ioa JTHA 97 in Farils. Those svstems aro, maio nozzle
and confuser lLype guide wilh sucticon al Lhe other =ide, main noezzle .
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with auxllary nozzles and confuser byvpe guide, and  male nozzle  wlth
auxllary nozzles and protile reed with suclion al, Lhe olheyr side. The
use of maln nozzle and auxilary nozziocs iLncrease  Lhe  yarn velocity
during insertion and thus Lhe loom width is increased up to 420 cm at
a hizh running speed up to 500 p.p.m. In the last few years, the multi
color filling insertion syslem has been intioduced. For a four color
insertion system, it is essential to use four main nozzles Lo insert
four different filling yarns at a certain sequence depending on the
fabric canstruclion. Each filling yarn is fed to the nozzle from a
seperate yarn feed system behind the main nozzles. In Lhis case, four
drum Lype'yarn reed systems are used behind the main nozzles. Normally
they are fixed at. a certain distance and angle behind the main
nozzles. This results in an additional resistance to Lhe yarn movement
during insertion, the malter which has an influence on yarn insertion
time and thus loom speed is reduced. To overcome the reslstlng force,
another sel of nozzles is used. These nozzles are sltuated behind the
main nozzlés, at. a certain distance and angle Lo withdraw tLhe yarn
from the yara leed system and Lo provide it Lo the main nozzles for

ingertion. The posilion of the back nozzle wilh respect fLo Lhe main
nozzle in terms of the distance and angle 1is belived Lo have an
influence on Lhe air drag force on yarn and Lhus, the yarn movement
during insertion will bLe affected.

The purpose of Lhe present work is Lo investigate Lhe influence of Lhe
back nozzle posilion wiLh respect Lo Lhe main nozzle on air drag lorce

on yarn and yarn insertion. This is important Lo adjust GLhe multi
color filling insertion system for belter running conditions.

2=EXPERMENTAL WORK:

2.1, Test set-up
The Lest sebl—up which was built ecarlier by the aulhor [ 1 1 was
used in this work. The back nozzle was (ixed on a support similar Lo
t.hal of Lhe main nozzle. The air supply Lo Lhe back nozzle was
Filtered, reguiated and controled from a line as tLhat for the maln
nozzle. An eleclromagnelic yarn clamp vwas built tLo relese the yarn
when insertion started. Figure ¢ 1 > shows Lhe diagramatic sketch of
"he test set~up which was used in Lhis course of study. The main
zzle and back nozzle are similar in shape and construclion. These
nozzles and Lhe confuser guide were taken from the Elitex air jet

weaving machine.

Z. 2, Hethod of measurements
The electronic Rothchild Lension meLer modle 1192R with a
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measurlng head €100 CN) was used Lo measure bthe drag lorce on yarh.
The signal from Lhe tensiometer was fed Lhrough the Rothechild
Jdnterface unit (R-2020> to a digital wmemury ociliscope moadle
(MS-16%0B>. A yarn length of 143 cm (Ne.GQ-2) was accumulated behind
the back nozzle. The air was opend Lo Lhe " two nozzles by the
microsvitches which operated the solenold valves. Then, Lhe clamp was
opend to relese Lhe yarn Tor insertion through Lhe confuser guide. The
recorded signal in the digital ociliscope was analyzed Lo get Lhe
initial air drag, Tinal air drag and yarninserction time. Figure ( 2 3
shows the signal ofa yarn insertion pleotled on Lhe paper ol the chart
recorder.

3- EXPERMENTAL DESIGHN:

The factorial design is used Lo invesLigate the effeclt of the back
nozzle position with respecl. Lo Lhe main nozzle and  alr pressure at

the nozzles on initial drag, final drag and insertlon time. The
position of Lhe back nozzle is taken in tLerms of the distance between
the Lwo nozzles and Lhe angle befween Lhe axes of Lhe nozzles, as
shown ln Figure ¢ 1 2. This technique of experimental design is useful
Lo investigate Lhe interaction between different variables [ 3 - 11 1.
According Lo DBox and llunter [ 2 1, the variables are selected at five
levels; -2, -1, 0, 1 and 2 . The response Y is given by a second order
=turcaial, cdlae,
K k K
Y = b0 + :E:r bi X, + ZE:: :; bij X X
i=1 =1 1=l
wvhere X = i th variable,
kK = number of variables, and
bo,bi& bij= regression coeflicients associated with Lhe variable.
In order to determin the regression coeflicients, the response Y has

Lo be found by using different. experimental combinations of Lhe
variables under considralion . For Lhe case of Lhice variables, Lhe
experimental plan is given in Table ¢ 1 ), and the actual levels of

Lhe variables are given in Table ( 2 ).

4-EXPERIMENTAL ANALYSIS:

As shown in the experimental plan in Table ¢ 1 3, the results
ablained for initial drag. linal drag and inserbtion time are shown in
Table € 3 ). These rsulls were fed (o AT cemputer, and regression

coefllcients were determined. The response-surface equations for
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luilial drag, loal drag and insertlon time are glven b Table €40 3.

Alsc, Lhe correlation coefficlients Letween Lhe experimental and
calculated values oblalued [rom GLhe respanse—surface  equation  are
shown with the F-test wvalue in Table (¢ 4 . Boilh correlalion
cogfliclients and F values are highly significant al Lhe 9%

significance level.

G-RESULTS AND DISCUSSIONS:

The contour lines at gifferent levels ( -2, D, 2 3 of Y’s and the
response surface in three dimension sere calculated and drawn by a
camputer programm.. IL was essential to find the contour lines for ecach
dependent. variable Lo clearilCv Ll efCecl of Lhe independenl. variables
Y
representaion of Lhe response-surface equation 1s very importaat to
undersiand Lhe whole phenomenan.

No @l X3 ab  diftcrenl  levels. The Lhree dimensional

5.1. Initial air drag:

Figures € 3, 4 & 5 > show the ellecl of air pressure and distance
belween nozzles on initial drag for different position angles. The
contours clearly show Lthat the initlal air drag increases as the air
pressure is increased. This is due Lo Lhe facht that Lhe air velocily
at Lhe nozzles increases as Lhe air pressure is increased.  Also, the
initial air drag icreases as the distance: belween nozzles is
iucreased. This is because the yarn tengbh in the aic  sblrecam ol the
back nozzle is increased. The effect of ponsilion angle of Lhe Dback
nozzle is hardly Lo be seen from figures ¢ 3, 4 & 5 3. This is because
the air pressure las a large influence on Lhe inilial air drag compard
t.o Lhe position angle. Figure ( & Y shows Lue elffecl of position angle
and distance betwecen nozzles on iuilial ajir drag al air pressure of 60
psi. € 0 level 2. Thi® value of alv pregsure was selecled because it
represents the normal supply air pressure abt most of air jet weaving
machines. The conlour lines are ellipses in shape wilh a Lrue maximum.
AL all distances between nozzles, nearly up Lo 10 caw, Lhe posilion
angle has a small influence vn bthe initial air drag. This Llafluence
decreases as bthe distance between nozzles is lincreased wuntill the
maximum is reached. This i=s attributed to the fact thabt Lhe yarn
length in Lhe air stream of Lhe back uwozzle is alwayes constant C(at
certain distance betweecn nozzles) for different values of the position
angle. However, the length of the coninal part of Lhe back jel playes
an important role in Lhis respect. Figure ¢ 7 > shows the response
surface equation in Lhree dimension graph. This shows the variation in
the Initial air drag at different positions of' Lhe boack nozzle.
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5.2.Final air drag:

Flgures ¢ 8, ¢ & 10 > show Lhe effect of alr pressure and dislance
between nozzles on final air drag for different position angles. The
contour lines clearly show that the f'inal air drag Iincreases as Lhe
air pressure ls increased due to Lhe increase in alr velocity. The
final air drag increases as the distance between nozzles is increased
up to an air pressure of 60 psi. AL Lhis value of pressure, a distance
between nozzles up Lo 25 cm has no influence on the final air drag. AL
higher values of alr pressure Lhe effect of distance between nozzles
is relatively high. This is attribuled to Lhe change in air velocity
distribution along Lhe axis of Lbe nozzles when different alr
pressures are supplied at the nozzles. Also ULhe interaction belween
the length of air jel in fronl of back nozzle and the distance belween
nozzles influences Lhe Tinal air drag, Flgure ¢ 11 > shows the elfect
of the posilion angle and the dislance belween nozzles on the ({lnal
air drag at 60 psi air pressure ( 0 level 2. The conbLours confirms Lo
saddle shape {(minimax), in which iLhe conlour 1lines Increase In one
direction and decrease in the other direction. It is <¢lear [{rom the
conlour lines that the Cinal air drag increases as Lhe position angle
ig increased at distance betwegen nozzles up Lo 12.5 c¢m. Beyond this
distance Lhe final air Jdrag decreases as Lhe position angle is
increased. This is attributed to the distribulion of the air velocily
along Lhe axis of the back nozzle and the [Crictional resistance Il.o
yarn movement which results from inclination of yarn Lhrough the main
nozzle. Figure ( 12 > shows Lhe variation of final air drag with the
position angle and distance belween nozzles.

5.3. Inserlion Lime:

Figures ¢ 13, 14 & 15 > show Lhe effect of alir pressure and
distance between nozzles on insertion (ime for different position
angles. The cobour lines are ellipses with a center outside the
experimential Cield. The conlour lincs show Lhat Lhe inserlion time
decreases as the air pressure is increased. This is due to the
increase in air velocity when the supply alr pressure at the nozzles
is reised. The distance between nozzles has a small influence on the
time at O position angle ¢ -2 level V. Distance between nozzles beyond
25 cimn is expected Lo have a substantial influence on increasing
lnsertion Lime. AL position angles 15, 30 ¢ 0O & 2 levels >, the
corilour lines show that Lhe rate of reduction in insertion time is low
compared to that at povition angle 0. This 1is attributed to the
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Frictional forces which result from yarn inclination Lhrough the mzin
nozzle. These forces resisL the yarn movement durlng insertion and
Lhus, insertion time is increased.

Flgure ¢ 16 7 shows Lhe eflect of pusilion angle awd Lhe dlslLance
between nozzles on insertieon time at 60 psi air pressure. The coulour
lines confirm to a saddle shape ¢ minimax ). The contours show that
the insertion time decreases as Lhe distance between nozzles Iis
increased at position angle near Lo zero. This is due to Lhe increase
in air drag. At a distance between nozzles more than 20 cm, the
increase in position angle beyond 5 degrees results in an lncrease in
insertion time. This results from the large inclination of yarn
Lthrough the main nozzle. Figure C 17 > shows Lhe variation of the
insertion time wilh position angle and distance belween nozzles.

6—CONCLUSIONS:

The previous work showed Lhe applicalion of Lhe factorial design
Ltechnique using Box and Hunter method to get Lhe most suitable running

condition usling Lwo nozzles air Jet (illing insertlon sysbtem. This
mulual effect of air pressure, distance betwecn nozzles and posliion
angle is analysed. From the experimental results and analysis, it is

clear that a distance between nozzles up Lo 7.5 em and position angle
up Lo 30 degrees rpresent. the most suitable back nozzle position on a

nulti colour air jet insertion system similar to that used in this
tork.

T-REFERENCES:

1- Salama, M. , Mapsoura Eng. J., Vol.il , No.l1 , June,1986.
2— G.E.P.Box and J.S.HUNTER , Ann. Hath. Stat., 1957, 28,
3- A.Barella, J.M.Tura, J.P.Vige, and WI.0.Esperon. J.T.I.,1976,67,253.
i— A.Barella, ].M.Tura, J.P.Vigo, and !.0.Esperon. J.T.I.,1976,67,325.
53— A.Barella, J.M.Tura, and J.P.Vigo. J.T.I1.,1976,67,421.
6— A.Barella and J.P.Vigo. J.T.1., 1977,68,143.
7— A.Barella and J.P.Vige. J.T.I., iP77,68,263.
8- A.Barella and J.P.Vigo. J.T.I., 1977,68,407.
©— A.Barella and J.P.Vige. J.T.XI., 1977,68,417.
10- A.Barella and J.P.Vigo. J.T.1.,1978,69,336.
1- A.Barella and J.P.Vigo. J.T.I.,1978,69,342.

—



Mansoura Engincering Journal (MEJ} Vol. 13, No. 2. Dec. 1988 7. 69

Table t: Experimental plan for Lhrece variables

No. Level of variables
Xl Xz Xq

1 -1 bt -1
2 +i -1 =1
3 -1 +1 -1
4 +i +1 -1
] =i -1 +1
6 + -1 +1
T -1 +1 +1
a +1 +1 +1
o =2 0 ]
10 +2 0 D
11 a -2 Q
1.2 0 +2 0
i3 a 0 -2
14 0 0 +2
i5 Q {) i}

Table 2 : Actlual levels corrosponding Lo coded levels

Level -2 -1 0 +1 +2
Yariable
xin Supply air pressure,
psi 40 530 60 70 80
X,= Angle between axes
of nozzles, degrees D 7.5 i5 22.5 30

Xg= Distance between
nozzles, cm £3) 10 15 20 25
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Table 3 : Experimental resulls
No. Initial drag Final drag Inserlion time
x 1440 CH x 140 CH x 10 MS
1 115.3 230.8 19.16
2 205.2 367.8 15. 06
3 112. 9 227.5 18.39
4 203.6 364.2 14. 60
5 131.4 234.8 19.18
G 218.9 ee.2 14.7
7 +118.8 220.1 19.956
38 233.3 302.8 14.52
o) 070.3 146.2 23.81
10 27T9. 2 447 .7 id.d
11 168.9 206.6 15.72
12 17,2 301.4 15.868
13 145. 0 303.7 16.2
{4 179.4 304.0 146.58
15 1v¥3.7 2946.3 16.10
Table 4 Response surface cqualions
Correlation F~tes
cocfficient
1. Initlial air 171.3+50.03X1+0.03K2+8.3X3 D.998 120.7
- . 2 2 -
drag +0.56}xl 0.74X,%-2.5X4 +3.48klk2
+2.68X1X3+D.73X2X3
2. Final air 302.BG+?5.86X1—1‘15X2+3.58X3 0.008 132.1
_ . 2 . 2 C 2 v v
drag ?.91*1 0.32k2 +0.82k3 +lklh2
+:.93k1K3—L.:9k2X3
3. Insertion 16.19~2.28X1—D.02X2+0.12X3+ 0.998 135. 4
. oy 2 .2 .2 .
t.ime +0.f¢Xl 0‘09h2 +0.0<5n\3 O.GTXLXZ

-O.2;X1X3+O.22N2X3
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