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CHARACTERISTIC OF LET-OFF MECHANISM FOR WIDE WEAVING

MACHINES WITH DOUBLE WARP BEAM
by: Ahmad All Shahin
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ABITRACT

In this work the characteristic of the used control system for
let-off mechanism on sulzer weaving machlne with double warp beam
was studlied. The distribution of maximum dynamic warp tension (due
to beatling-up at bottom shed) was measured across the width of
warp sheet in 30 posltion (15 posltion per wvarp beam}. 1t was
found that the level of wvarp tension at checking side of weavling
machine {(drive side for reed} is higher than the warp te: 100 on
the other side. From the study of the characteristic for Let-off
mechanism it was fourd that the effect of increase Iin warp tension
at checking side of weaving machine has an influence on the rate
of flov for warp sheet at thils slde,

1.0 1NTRODUCTION

The let-off process on weaving machlne affects many ractors
such as fabric guality, warp tension and percentage waste of warp
sheet (in case of u:ing double warp beam), and to 1improve these
mentioned factors the rate of flow for warp sheet during weaving
process must be constant as allowable as posslble.

Durlng weavlng on machlnes with double warp beams the control on
let-0ff mechanlsm is more difficult. By measurlng the dlfference
In the rate of flow between warp beams on 123 weaving machlnes, it
was found that the rate of flow for warp sheet at checking slde ls
highexr than the warp sheet at plcking side. Thls difference varles
from 1 to 18 mm per meter length of warp sheet /1/. The wvarlatlon
in the flow rate of warp sheet leads to an increase {n the
dlfference between the 1lengthes of warp sheets at the end of
unvinding from warp beam- /2/.

To avoid the 1lncrease In the percentage waste at the end of
unvindlng froem warp beams the following parameters must be
considered /3/:
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- the distance between flanges should be the same for both warp
beams. '

~ during winding the warp beams the total number of winds per warp
beam and winding tension must be constant for both warp beams.

By measuring the distribution of wvarp tension across double warp

beams /1/, /2/ and /4/ the warp tenslon has no definite shape,

many parameters affect the distribution of varp tension.

To obtain a woven fabric wtth a- high quality and special fabric

Etructure the electronic let-off mechanlsms must be used /5/. The

electronic let-off mechanism has the following advantages /6/:

- decrease the variation in warp tension at start of the weaving
machine.

- improving the movement of back rest and rate of flow for warp
sheel.

2. BLOCK DIAGRAM FOR LET-OFF MECHANISH

Fig {(2) shows the block diagram for let-off mechanism shown in
Fig (1} as input parameters are:
- flov of warp sheet due to take-up motion.
- loading the back rest with springs, and
as output parameter is:
- resultant warp tension.

2.1 Homenclature

~ V1 = mean value for the rate of flov for warp sheet during
let-off motlon in (cm/min).
~ ¥2 = mean value for the rate of flov for warp sheet due to
take-up motion in {cm/min).
= extension in warp thread (cm).
~ F = mean value of yazn tension in (N).
~ DF = k.,AE = variation in yarn tension in the elastic range (N).
-~ k = spring constant of warp yarn (N/cm]).
- AF1l = variation in yarn tension due to the variation in let-off.
- BF? = variation in varn tensalon due to the variation in take-up.
- W= frequency of signal [1/sec).

- Gl(s) = trarstfer functlon for system element.
- G2(s5) = transfer Efunctlion for feedback element.
- Go(s) = transfare function for closed system.

2.2 DIFFEREHTIAE EQUATION FOR THE SYSTEM

F = F + A&F s vl = V1 + AVl , V2 = V2 + AV2

vz - vl = 1/k . dF/dt 3
for ateady state V2 - V1 = 0
AV2 - AVl = 1/k . d(aF)/4at

at constant flowv of take-up (aYV2 = 0) the value oif warp tension
decreases with increasing the rate of flow for let-cff , then

AVl = - 17k . d(bFl)/dat . . . . . . R
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1- tension spring
2— beck reat
3— warp sheat
4~ warp beam
56— follower

86— cam profile
7~ drive side of clutch

4
8~ driven eside of clutch 9 @ee

8~ drive shaft
Fig (1}: Let-off mechanlsm for sulzer weaving machine
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Fig (2): Block Adiagram for let-off mechanlsm
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at constant flow of let-off (AVl = 0} the value of warp tenslon
increases with increasing the rate of flow for take-up , then

AV2Z = 1/k . A(AF2)/4t e e . . . . . (23
AF = AFl + AF2 and d(AF) /4t = A(AFl)/dt + d{aF2)/d4¢t
from (1} and (2}
k . AV2 - Xk . %Vl = d(AF)/dt . . - . . {3)
t’"
for control systém Is ,
Kl . AF = AVl . ’ . . . . - (4}
from {3} and (4) 13 ,
K . AV2Z = AF + T . a(aF)/at . . . . . . . (5)
where K = 1/K1 (N.sec/m) and T = 1/(k.K1) (sec)
Using one side Laplace-transform with the form,
oo —St_
Loty =xs) = S xet) . e ar
o
under the following condlitlons:
- the differential equatlion ls llnear with a constant coefficient
- the system has a steady atate for t { 0 , then
X .
Gl(8) = ——— ’ G2(8) = K1
5
The transfare function for the closed system is:
Gl(5} K

Gol8}) = =
1 + G1l(89) . G2(8) 1 + ST

and by using frequency response is5:

K

Go(l w) =
' 1 + fwT

The locus dlagram'for the closed system could be represented In
the complex plane as shown in Fig (3-a}.

2.38tabllity of the control systm (Nygulst Diagram):

The transfer function for the open-loop of the control system is:
1

Gl(iw} ., G2{itw) =
1w
Fig (3-b] shows a plottling for the function Gl{i1WwW).G2(1iw} in the
complex plan at different values for W. By completing the plott
In counterclockvise and not enclose the point -1 , 10 then the
system 15 stable.
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Dynamic control factor Wvd(l w) and amplltude Eactor |vd(i w)
1 iWwT
vail w;} = =
l - Gl{lw) ., G2(1lw) lwT -1
and
wT
lvdilLull = (T = 0.98 sec}

Vi o+ (M2
Filg (4-a) and (4-b) show the behavlor of dynamlc control factor
and amplitude factor at dliferent values for (y. It is preferable
to regulate the asystem at small value for wo.

Behavlor of warp tension due to harmonlc variatlon in the flow of

2.6

warp sheet:,
Example: A&VZ = 0.011 cm/sec , Lo

= 1/T = 1.73 rad/sec
To = 2.70 /o = 3,63 sec , K =

2.22 N.sec/m

The lnput harmonic signal is:
A lwgt

—p—
AVZ = AV2 |, e and
K
IGotlu%) = / I = 1,55 H.sec/cm
1 + lwT
and the phase angle is, ®w= arctan (-"Wo.T) = arctan{-=1) = - T/4
L]
Then the behavior of yarn tenslon ls:
. — K - K 1(‘-'-'oT+@w)
AF{t) =av2 . = AV2 .I————-—————-' . e *
1 + {%“oT 1 +1we T
- 1(Wo.t - /g
AF(E) = 0.017 . e = 0.017 . cos {Wo.t - T/4)

Fig (9) shows the behavior of the varlatlon 1n yarn tension due to
the harmonlc varlation in the flow of warp sheet as a functlon
from the time.

Using the unlt test slgnals to test the control syatem

As lnput signal the unlt test slgnals Impulse- , Step- and Ramp-
functlions could te used to control the system:

by usling the unlt Impulse functlon the output funpctlen ls:
-1 K K - t/T
gty = J . —— = . e (N/cm)
1 + 8T T
by using Ehe unit steﬂﬂﬁunchaon the output functlon ls:

1 K -t/7T
jttry = .Z f — . ——— } = K. (1 -e } iM.gec/cm)
5 1 + 8T
by uslng the unlt Ramp function the ocutput functlen ls:
-1 1 K -t/T
hi(t] = { . I =K . (t -T + T.,e ] (H.sec"2/cm]
[ Jal 1 + 4t

Flg (6} showa the behavlor of the three ocutput slgnals as
functlopns from time.
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Locus diagram for control system
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Effect of harmonic variation in the
flow of warp sheet on warp tension

Var. in warp flow (em/s)

Var.in warp tension (N)

To = 1.8 sec

Ta/2

Time in sec

— warp sheet — warp tension
Fig (5)

Qutput functions for control system
under the effect of test signals

Output functions g{t) , j(ty and h(t)

h{t) in N.gec-2/cm

L) In N.aec/cm

/ gt) in N/cm

—_

or
~n

2 4 8 8
Time (%) in sec.

—

Fig (8)
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3 EXPERIMENTAL

3.1 Speciflication of weaving machine and material used

ne

Type of weaving machine ..................Projectlle P 7100
(Sulzer - Rutl)
Weaving machlne speed .....--:ei1ss1:.... 350 pilcka/min

Haximum reed SPACE ....:.crtuvsesssnseen... 400 cm
warp width Iln reed .........c¢cciivseve.e 2 X 175 cm

(double wvarp beam}
ENdS/CM ...t iuiveesoriasssnss-nransosssss 47T , cotton NHe 50/1
PlOKS /O, it s in v s ommecssanansranissssos 28 , cotton Ne 50/1
Humber of heald shafts ..........cc.u. 4 + 2 for selvedge
Fabric structure ...... .- it inera plaln veave

Measurements of wvarp tension and lnstruments used

Thlrty slngle warp threads distributed across the wldth

of double warp sheets were marked provided that they pass
through the first heald shaft and the last dropper bar.
After running the weaving machine untill stable weaving
condltion, the speclal electronlc measuring ilnstrument
(DEFAT) for warp tenslon was used. By uslng thls lnstrument
up to 128 signals could be stored for warp tenslon, each slgnal
contaln the varlation.ln warp tenslon during one weaving cycle.
The measurlng instrument has a mlcro processor to evaluate
the values of warp tension for the stored slgnals. Flg (7}
shovs example for the evaluated parameters from 86 veavling
cycles and its dlagram, these parameters are:

- mean value of tension for top and bottom shed

- mean value of tension for top shed

- CV % of tension In top shed

- mean value of tension for bottom =hed

- CV % of tenslon for bottom shed

- maximom tenslon dAuring beating-up (top shed)

- CV % of tenslon for max. beating-up (top shed)

- maximum tension durlng beatlng-up (bottom shed)

- CV % of tension for max. beating-up (bottom shed)

- mean value of minlmum tension

- CV % of minlmum tenslon

- mean value of maximum tension

- CV % of maxlmom tension

- dlfferenca between maximum and minimum tenslon

--------------- MITTL.RFZ: 2.9 <H

M-IBEN. KFZ2Y 7.5

CU-DOBEN, KFZY 3. 35 &
: ; : MU-UHTEN, KFZE §2
. 3 j! : 5 CU-UNTEN. KFZ: 7.

el I s M-Max. Led1 16, 18 cH

: : : CU-MAR, LAD: 15,43 %

: : Hul-MaR, Lalt 25,51 cH

C-MAX. LA 14,99 X

“h ﬂy ~ Mt f A IM-BIH. EIHRAF: 1. 24 N
SV T A A N Ili;!ijfuk DL-MTil BIMROPT 36,81 %
5 j ] FI-MA'L. EINEART 25, 43 N

i 1 1 1

Uit BIMEAF: 14, 22 X

Fi

CELTad 24,435 <N

g (7) List of evaluated parameters for warp tenslon and the
plotting dlagram
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Distribution of maximum dynamic warp
tension across sulzer weaving machine
with double warp beam

Tension in (cN)

40 . x
plcidng side cheacidng side
* *
* #
30 *
” La«——-*‘"’”jM
*
L B ™ *
drive side for the reed
10 +
= + 4L + 2+ L . 4 + + PR S i
N T - M +
warp beam (left) + warp beam (right)
0 1 1 i 1 ] !
0 &0 100 150 200 250 300

Width of warp gheet (cm)

=+~ static tension ¥ max. dynamic tension

Fig (8)

Flg (9): Symmetrical differentlal gear for double warp beam
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3.3 Representation of results

The maximum dynamlc warp tension due to beating-up at bottom
shed was plotted in 30 dlfferent positions across the double
width of warp sheet, see Fig (B).

4.0 DISCUSSION AND CONCLUSION

- From the study for the characterlstic of let-off mechanlsm the
relation between the Ilnput and the output slignal could be
descrlibed through differentlal equation first order with a
constant time T. The wvalue of the transfer function for the
control system decreases with lncreasing the freguency.

- The stabllity of control system was tested wlth using the
Nyguist Criterlon at different values of frequency. The systen
is always stable.

— The dynamlc control factor and amplltude factor for the system
lncreases wlth Increasing the freqguency. To avoid the lncrease in
the the dynamlic factors the regulation process 1s preferabale at
low values of freguency.

- The effect of the harmeonlc varlatlon In flow of warp sheet on
the wvarlation of warp tenslen shows that the signal of warp
tension was lagging with phase angle § = - Jt/4,

- Fig (6) shows the behaviour of output functions due to uslng the
unit test signals. To improve the behaviour of output functions
the time constant T must be small.

- The measured value o¢f maximum dynamic wvarp tension is hlgher at
the checking si1de than the plcking side. The static wvarp tension
has no lnfluence on dynamlc tension.

- The balancing for warp tenslon between double beams through the
differential gear is by decreasing the rate of flow for warp sheet
with the low level of tension. Flg (10) shows the effect of
dlfferent parameters on the varlation in the length of warp sheet
at the end of unwinding from warp beams. The flow of these
parameters could be described as follows:

g) due to the irregqular movement of the reed the beatlng-up force
at checking side (drive slde for the reed) is hlgh and tends
to lncrease 1In the level of warp tenslon on thls slide.

b) the slde wilth low warp tenslon has excess length of warp sheet
at the end of unwlnding.

- T¢ aveoid the wvarlation in wmaximum tension level between warp
sheets the drive for the reed must be from the middle of the main
shaft. The tendency to twist the main shaft for wide weaving
machines is high and by driving the reed from the slde of weaving
machlne affects the reqularity of beating-up force.

- Due to the unsymmetrlcal shedding (the back rest is iln a higher
level than the level of cloth fell) the maxlmum dynamic tension is
due to beating-up during the beottom sheddlng.
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Warp beam in Warp bearn in
left side {picking side) right side

distribution of maximum
dynamic warp tension

low high

/

balancing of warp tension
through differential gear

/ N\

\

\

decreagse the rate no influence on
of flow of warp the rate of flow
sheet of warp sheet

at the end of unwinding
from warp beams

\

L |
excess in the length short in the length
of warp sheet of warp gheet

Flg{10): Flow of warp sheel for double varp besin
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