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Analysis of Output Irregularity from the Transient Behavior of Bundle in a Flow Field

Y. Huh (Mechanical and Industrial Systems Eng., Dept., KHU), J. S. Kim'(Textile Eng., Dept., Graduate School, KHU)

ABSTRACT

Roll drafting operation causes variations in the linear density of bundles because the bundle flow cannot be controlled

completely by roll pairs. Defects occurring in this operation bring about many problems successively in the next processes. In

this paper, we attempt to analyze the draft dynamics and the linear density irregularity based on the governing equatiop of a

bundle motion that has been suggested in our previous studies. For analyzing the dynamic characteristics of the roll drafting

operation, it is indispensable to investigate a transient state in time domain before the bundle flux reaches a steady state.

However, since governing equations of bundle flow consisting of continuity and motion equations turn out to be nonlinear,

and coupled between variables, the solutions for a transient state cannot be obtained by an analytical method. Therefore, we
use the Finite Difference Method(FDM), particularly, the FTBS(Forward-Time Backward-Space) difference method. Then,
the total equations system yields to an algebraic equations system and is solved under given initial and boundary conditions

in an iterative fashion. From the simulation resuits, we confirm that state variables show different behavior in the transient

state; e.g., the velocity distribution in the flow field changes more quickly the linear density distribution. During a transient
flow in a drafting zone, the output irregularity is influenced differently by the disturbances, e.g., the variation in input bundle

thickness, the drafting speed, and the draft ratio.
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Fig. 1 Dimensionless profiles of a)the velocity and b)the
linear density of bundle in a flow field under
constant initial conditions as time elapses (DR:5.6,
v.:0.135, a,:1.362)
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Table 1 Simulation conditions for drafting process.

Parameter Value Dimensionless
value
Roll gauge length 40 mm 1
Draft ratio 56->176
. 68.1 > 92.4
Delivery speed 5.6>7.6
mm/sec
No. of doublings 6->5
Li density of th
: mear. ensity o € £ 4175 g/m 0.167
input single bundle
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Fig. 2 Transient behavior of a)the velocity and b)the linear

density of bundle in a flow field when a strand of

input bundle is broken (DR:5.6, v.:0.135, a.:1.362,
No. of doublings:6—>5)
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Fig. 3 Step response of output bundle thickness when a
strand of input bundle is broken
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Fig. 4 Transient behavior of a)the velocity and b)the linear
density of bundle as the process speed is increased
with the constant draft ratio (DR:5.6, v,:0.135,
a,:1.362, v(t,L):68. 1mm/sec>92.4mm/sec)
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Fig. 5 Step response of output bundle thickness when the
process speed is increased

SHEE bjo] AHMME CheH AIAY SH
L L e

33

3 28 ZFAS AHB7) 40}01 zEZE w7}
2BIZ7HEE 29 £274) 3t A9E 859
th o] A% FAXA £EE FF ZA A 7

29 & A7l ue AAZ DPuFEg 6
a), oo} wel Adx $Xe A& 35 28 B
et w3 FF E THAMRE ZHIgo] o
7] Azate] wiw® 7 AzHES & A4 =

23} th(Fig. 6-b). olmje] &8 #7)W¥%E-L Fig. 7oA
Hols ule} Po] TITE d|o] ARZTL| sl

ANRAA glol Ag FrHoes gastol yebsdel

ot . : , ;
3Rl prede cReT 8 i il B orsusen |
%5
-~
=
T
23
g
" H
M : /
o2l . . A
g initial condition {steaty st
k-3 P :
=4 H .
Bt
£ o/
o PR i X
,:»——‘L»«-«v:’/,
LR
1=0 0015
. d

Iy Ga Tt )

Dienerminniess digtange

968

4

initial condition [stendy statn)

Cirnensiontess lnear darghy

(A ES e s H
Dinensiontess distoncs

Fig. 6 Transient behavior of a)the velocity and b)the linear
density of bundle in a flow field to the increase of
draft ratio (DR:5.6>7.6, v.:0.135, a,:1.362)
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Fig. 7 Step response of output bundle thickness to the
increase of draft ratio
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