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Abst;act 

In th is work the factorial design techn i que was used to 
invest i gate the influence of some loom parameters on the yarn 
s tops during weaving on ail: jet loom. These pa r ame ters are the 
timi ng o f harnesses crossing, ma c hine speed and position of back 
beam. The statis tical an~lysis showed that the warp end weft stops 
are significantly a ff ected by these parameters. The interaction 
between these parameters had a large influence on the yarn stops. 
The l.Inalysls of yarn stops was done o n Picanol a nd Tsudokoma air 
jet looms fat: compariso n . 

1- I ntrodyctioo 

Generally, the productivity 0 '£ a weaving machine i s highly 
affected by the numb e r of stops due to ..... arp and weft stops. "' ith 
the h igh speed wea ving mac h ines, whE:re the cost of machine is also 
high , the economi cs o f the \.; eu.ving p roce sse depends , to a large 
extent, o n ' the productivity of t he we a ving machj ne . In c ase of LIir 
jet weav ing, the ;-left is inse.rt€:d by means of a n air stream 
through the the warp shed. ThE: ma in air nozzle e j ec t s the ma in air 
s tream requried for insertion and the rclay nozzles help the main 
nozzle i n keeping the weft yarn straight f o c a large distance, 
i.e. loom width . A c lean warp shed b required to !?revent clinging 
of the we ft with the wa rp d uring ins e rt ion . The matter whic h will 
reduce t he weft stops. The ha riness of t he warp 55 expected to 
have a large influence on warp e otang l ment du ring s hp.d format ion . 
In spi t of the fact that a \·lel1 pre pared warp is a n essential 
requirmont . for h i gh speed ai r j e t weav i ng(up to 1200 p.p.m. ). 
There are s ome purame ters on the weaving machi ne which af fects the 
level of t he \~a rp a nd weft t e ns i on a s well as the entanglment of 
wa rp during wea ving. The matte r whi c h may cause a yarn break, and 

. hence the machine s tops. The spe ed o f the weaving machine is 
expected to have a l a r ge influellce on both ,,.:arp and we r t ten sion 
during w-=aving. Ilowever , it has be en :;hown (1J that level of warp 
tension HilS sligh t l y j!\c r'e as ed when the ~peed of a repiar weaving-
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machine increased up to 400 ' p . p . m. Also, the measurement of the 
beat up forc e on a water jet loom (2J showed that va r ing the loom 
speed over the range 298- 391 p . p.m. did not affect the beat up 
fOt"ce. The warp abrasion during \,leaving \,las found to be affected 
by the ma chine s peed [3). The yarn strength reduced rmarkably due 
to abrasion, the matttn \ .. hich affected the number of stope on the 
weaving machine. The warp entanglment in the back s hed was found 
to be the main cause of \.,:arp breaks. It was found ( 4] that the 
majority of ~arp breaks during \,leaving arised from abnormal 
tensiOn d~veloped in small groups of threads, which resulted from 
obs t ractions caused by knots, slubs, neps, . . ets . The increase in 
the vertical distance between heald eyes in adjacent staves 
reduced the abs t ractions at shed cross i ng whic h resulted in a 
reduction in warp breaks (5]. Also, the increase in the level of 
warp tension increased the numbe r of warp breaks. 
The s hed geometry (6) in terms of the position of the back beam 
relative to the fell of t he fabriC, was found to have a large 
influence on the level · of warp tension , en t anglment of warp 
threads. and warp and weft stops during weaving. The unsyrnetrical 
shed reduced the number of \,left and ",'arp stops during weaving on 
air jet loom . 
The measurement of the beat up force (2) s howed that the shed 
t i ming had no effect on beat up force . The matter which disagreed 
with the majority of the puplished results. It was said that 
crossing the harnesses earl i e r resul ted in a high warp tension at 
beat up and this depends on the weft yarn . In earlier work (7] it 
was found that the timing of hat"nesse s crossing had a large 
influence on the warp and weft s tops during weaving on air jet 
l oom. It was also found ( a) that in the case of looms having 
ne ither sley nor heald dwell s, the early harnesses crossing 
resulted in an unobstracted s hed for weft insertion and the 
effective shed size could be made smaller . 

The aim of thl s work. is to use the factorial design techn ique to 
analize some parameters affecting the warp and weft stops during 
weaving on air jet loom. The parameters which considerd are : 

l-weaving machine speed, 
2- positlon of back beam relative to fell of fabric, and 
3-tlming of harnesses crOSsing . 

This will lead to a better unde rstanding to the inf luence of each 
parame ter on the warp and weft stops, and also the interaction 
between these parameters 1s domenstrated . 
The' work. in th is s tudy was carried out on two air jet -looms , 
Picanol ' and Tsudakoma, weav i ng the same fabric in an industrial 
run ning conditions. This is to compare between these machines in 
terms of th warp and weft stops . 

2-Speclficti ons of weaving machi nes 

The two air jet weaving machines which were considered in this 
s tudy are ; Plcanol PlI.T a.nd Tsudakoma TS-ZA . The two machines were 
running at Hisr spinning and we a ving Co., Mehalla Kubra in the 
industrial running conditions, a s s howen in Table(l). 



Hansoura Eng1.ne~ring Journal (M EJ) Vo1.16, 1'10.2, Dec .1991 T. 73 

Table {l} weaving mac hines and fabric specifications 

Picanol PAT Tsudakoma TS-ZA 

Loom Speed, p.p.m 640 - 644 617 - 620 

Reed width, em 171 171 

Shedding 4 Sh&ft-Cam 4 Shaft-Cam 

wef t Insertion: 'main no z zle, relay main nozzle and 
nozzles and fixed nozzle relay nozzles 

Fabric - . plain Cotton plain Cotton 
40 x 40 15 x 15 40 x 40 15 x 15 

110 x 72 44 x 29 110 x 72 44 x 29 
162 em 162 em 

Slay Mechanism 5 - link 4 - link 

Supply Air 

press ure , bar: 

main no z zle 2.5 5.2 

relay nozzles ).0 6.0 

Table (2) Independe nt parameters and Selected l e vels 

Independent Parame ters level - 1 0 - 2 
. 

PAT TS PAT TS PAT TS 

X,) timing of c ros sing )00 270 320 2 8 0 )40 290 
deg. 

X2) machine Speed, 620 590 640 620 660 650 
p.p.m 

X:3) back beam posit i on 9.5 7 5 10 80 10.5 .5 
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3-Experminta l design 

The experimental plan wa s ma de according t o the f actorial des ign 
t echnique to investigate the e f f ect o f machine speed, position of 
back beam and harnesses crossing angle on the · number of weft and 
warp stops. This techni que of e xperimental design is useful to 
investigate the "inte raction betwee n the diffe ren t paramete r s. For 
each independen t parameter, three le vel s we re selected. The 
independent pa r a meters and the l evels are shown 1n Table(2) fo r 
both weaving machines. 

4-Statistical a nalys is 

Table( 3) shows the factdrial desigl\ ~ experiments and res ults 
obtained for weft and warp stops per 1 0 picks(cmpx}. The average 
number of war p and weft stops per cmpx were recorded after a 
running time of 4-5 hrs. for each experiment. This was important 
to run the whole e x perime n tal plan using a s ing l e warp beam per 
machine to avoide the vl!Iriation which ma y occure between warp 
beams. 
11. sta t i stica l compu ter p rogram was used to d etermine the 
parame t e rs a nd the intera c tions between parameters t hat a ffects 
the we ft a nd warp s tops. The multiple l i nea r r e g ression was used 
to caculate the empe r ica l re l at i onships between the independent 
parameters and the warp and wef t stops pe r cmpx. 

The va l ues given in Table (4) a r e the estimates o f the coefficients 
(hi) of the parameters fot r elat i o nships such as: 

E(Y) =botbl Xl +b2X2+b3XJ+b4X 1XZ+bSXlX3+b6X 2X3+b7X 12tbaXZ Ztb9XJ
Z 

Where E(Y) is the expected value of the outPl,lt variable (weft 
stops or ~Ja rp stops p ~ r cmpx) using the expe rimental resul t s . The 
Xl ,X Z and X3 value s are the coded values o f the input 
pa rame ters. 

5-DisCllssioo of r e sults 

The effect of . t he t imi ng of harnesses cross i ng , machine 
position of ba ck bea m o n the warp and we ft stops 
picks ( c mpx) are shown in Fig u res (l to 6) . 

5 . l.Harp stops per 105 picks ( cmpx) 

speed 
per 

ang 
10 

The c o n tour lines of warp s t o ps on TS air j e t l oom show tha t the 
warp stops is affected by the ma chine s p eed, position o f back beam 
and t iming of ha rnesses c r ossing, as shown in Figure(l) . 
Genera.lly, the increase in machine s peed increased the number of 
warp stops and this ~Ia s l a r g e ly influenc ed by t he timing of 
harnesses crossing . Tbe ear i ly harnesses c rossing red uced the 
number o f warp s tops . Also, the contou r lines show tha t the warp 
s t op s i ncrea sed a s the position of t he back beam was. r ai sed up to 
position eo. Then , d ecreased when the beam was rasied to position 
8 5 . This ha ppened at low an d high machine speed a nd wa s not 
a ffe c ted by t he timing o f harne sses crossing. Th i s i s attributed 
to the difference bet \-./ee n t the warp tension in top and bot t o m shed 
whic h r esulted f r om the position of the back beam relative to the 
fell o f the f abric{ 6]. 
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Tabl e (3) Factorial design of exper iments and results 

Exp. Xl X2 Xl PAT TS 
No. 

...... arp s~ops weft s tops ...... arp stops ......e ft stops 
per. cmpx per cmpx per crnpx per crop x 

1 0 + - 11 2. 5 l.l 15.6 
2 0 - + 8.3 2.3 2.6 13 .8 
3 0 + + • 7 2.6 8 .6 , 0 - - 7 3 0 . 8 5.2 
5 + 0 + 6 12 1.3 9.1 
6 - 0 - 6 6 1. 56 18.2 
7 - 0 + , 5 1. 56 6.5 
8 + 0 - 4 13 3.4 12 
9 + + 0 9 7 7.8 22 

10 - - 0 5 4 2.6 7 . 8 
11 - + 0 6 6 2.6 17 
12 + - 0 5 10 3.' 3.9 
13 0 0 0 5 

I 
7 5.4 8 

Table (4) Emprical relationship from e xperimental results 

Est im a t e s of Coeff i cients 
Coefficient 

PAT TS 

warp stOp'9 weft sto ps warp stops weft stop s 

bO 5 7 5.4 • 
bl .37 5 2.625 1. 0 1 - . 3125 

b 2 1. 21 25 .4 .55 4. 06 25 

b3 -. 08 75 .2 25 .125 -1. 625 

b , .75 -1 .25 .97 5 2.225 

b5 1 0 -.525 2. 2 

b6 - .825 1.3 -.125 - 3.9 

b7 - 1. 2875 2.525 -. 522 5 2.6625 

be 2 .5315 -2.7 75 - .652 5 2.0 12 5 

b9 1.2875 -0.525 - 2.9225 . 7 875 

Correlation 
Coefficient .99 - .91 .86 



- \.0 0.0 1.0 
~ I I ! i 1.0 

~ • jw , 
• ~1lO 

.! , ... 
~ 

\\) ) 
• 

O~ 

",1\\'. (III -1.0 

" w " 
Back Bu.n:a. POpt!OD 

(b) 

-1.0 0.0 1.0 
650 , . . ,1.0 

i 
ci- Cl 

'" , 
<> " 

t 410 
_ .J). 
~// 

'" ~\:~//J 
• 
o , 
~ 60) 
• > 

" ~ " 
Suk 8c.u:n Po.o;,lo .. 

(a) 

0.0 

-1.0 

"F igure (I ) contour lines of ~arp stops per 105 

l oom at crossing a) 270" b) 280 0 

_ 1.0 0.0 1,0 - 1-0 0.0 1.0 
6~ V ~ _______ ! ,.0 6~ 1.0 

7 1------........ ~ 
""6~ !! , 
• ti H O 

• o 

~ 1:0 
• > 

• ,-------- ' .-----• 

n ,----
• 

no I ---------,---- ./ 1 
" .M 10.) 

B.a.c)'; e.t.m Po.IUoD 

(b) 

Figure ( 2) 

. , 
1 650 6~ 

00 ~.~ .~~< 
~6» ) ) 
~ ~ ~ 

,., 

- 1.0 ~10 / -1 .0 .. , 10.0 . " 
S.d, ...... ",..IUoo. 

(a) 

contour l ines Of warp stops per 10 5 

l oom at cros sing a1 300 0 b) 320 0 

-1.0 0 .0 1.0 
6!1O 11 ] \ \ 1.0 

~ , 
~ 6JS 
-" , 
'* no 
• o 
-!i ,~ 
• > 

/""\ 

r ( -I M 

" " " 
""0 I \ \ I 11-,.0 

~ .. 
Back So-= PosiUoa 

pick s on TS 

c) 290" 

(e) 
" 

- 1.0 0 .0 1.0 

• 
.. <>~ ~ .. o 

'b _~--

i. .50 • , 
• ti HO 

• • 
~ 0»-, J­
> 

~. 

c. 
I'>.. -----q 620 1 

••• '0.0 

bel:: Bua PoslUGn 

picks on PAT 

c) 340 0 

(e) 

'0.' 

0.0 

-1.0 

'" • o 
g 
c 
;: 
M 

"" S-
A 
A 

5-
~ 

w 
o 

~ ec 

'" "' '" < ;:. 
~ 

z 
> 
N 

" ~ -:g 

~ 

~ 
~ 



T.77 1I.r.Mahmovd 5aJam a 

The contour lines of warp -stops on PAT ai r jet loom,shown 1n 
Figure(2) ,show that the warp s tops is largly affected by the 
machine speed, position of back beam and timing of harnesses 
crossing. Although, the increase in machine speed resulted in an 
increase in warp stops . The pos ition of baCK beam and timing of 
harness es crossing determined the l evel of ·warp s tops . The high 
position of back beam, up to 10 . 5 and earily harnesses crossing of 
300 0 reduced the warp stops. The contour lines in Figure(2), show 
an optimum running conditions for PAT air jet loom to get a 
minimum warp stops . 
Inspit of the fact that the warp inclination angle on TS loom is 
smaller than tha t on PAT loom, as shown in Table{ 5) I and the TS 
loom utilizes an e lectronic l et -off mechani s m. The difference in 
the level· o f warp stops between these loom wa s not large . 

5.2.Weft stops per 10 5 picks(cmpx) 

Figure (3) shows the the contour line s of weft stOps o n TS loom . 
The weft stops increased as the machine speed was increased. The 
position of back beam and timing of harness e s cross ing played an 
important rule in dete rmining the we ft stops. At high machine 
speed the weft stops went down when the pOSi t ion of back beam was 
raised to 85. This is attributed to the l e ss warp entanglment 
during shedding as a result of the diffe rence in warp tens,lon 
between the top and bottom shed positions[6). The earily harnesse s 
cross ing resul ted in a remarkable reduction in weft stops(from 
290' to 280 ' ). This is because the early harnesses crossing 
resulted in an unobstractetl warp shed for weft insertion[8]. This 
reduced the pOSSibility of weft clinging with the warp during 
inse rtion. The matter which made the weft stops went down . 
Figure( 4) shows the contour lines o f weft stops on PAT air jet 
loom. In this case, the weft stops went up as the mach i ne speed 
was increased, and then went down as t he speed was further 
increased to 660 p.p .ro. The change in the timing of harnesses 
crossing from 340 ' to 320 ' resulted in a remarka ble decrease in 
weft stops. The back beam POSi tion af fect ed the weft stops. At low 
machine speed, the weft stops went down as the position of back 
be am wa s ca sied t o 10.5, the opposit occured at h i gh machine 
speed. 

~he level of we ft stops on TS loom was observed to be relatively 
higher than tha t on PAT l oom. This is attributed to the type of 
sley motion on TS loom. Although the strok o f the sley o n TS loom 
i s nearly 36% longer than that of PAT. The change in the shed size 
on TS during insertion is expected to be larger than on PAT loom. 

Flgures(S & 6) show the response surface equat ions of warp and 
~Ieft stops per cmpx on the TS and PAT looms . 
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Table (5) The warp inclination angle to hori z ontal corrosponiding 
to back ~eam position 

Pican'ol PAT Tsudukoma TS 

Back beam Inclination Ba c k beam Inclination 
position • of warp, o· position • of warp, •• 

9 . 5 •. 1 15 '.5 

10.0 ••• ,0 • •• 
10 . 5 a.7 .5 5 . 0 

• pos i tions are marked on the machines 

" 
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6-CoQclYsiQns 

The previous analysis showed that, on ai r j et loom the warp and 
weft stops are affected by machine speed( bac~ beam position and 
timing of harnesses crossing. The interaction between these 
parameters is important a nd must be considered if it is requried 
to increase the loom productivity. The high position of back 
be llm(up to a certain value) showed a positive influence on the 
warp and weft stops at hig h machine speed . In this case a back 
beam position of 85 (5' warp inclination a ngle ) and harnessec: 
crossing at 270· at a machine speed of 650 p.p.ro., s howed to be a 
good running conditions for TS loom. On the PAT loom a back beam 
position of 10 .5 (8.7 · warp inclination angle) and harnesses 
crossing at 32Q' P.ot machine speed of 660 p.p.m. showed to be a 
good rvnning condl~ions. 
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