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Analysis of the Drag Angle in Cone Drum False Twisting Mechanism

Choon Gil Lee
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Abstract : The newly developed cone drum twister is one of the outer surface contacting friction-twisting devices in
false-twist texturing. An investigation of the drag angle for the newly developed cone drum twister texturing mechanism
is reported. An analysis is given from which equations can be derived that relate to the conical angle of cone drum,
wrapping angle, drag angle, and yarn helix angle. Theoretical values of drag angle are calculated and discussed. It is
shown that, as the helix angle and the projected wrapping angle increases, the drag angle also increases slowly until the
helix angle of 40° but after the helix angle of 40° the drag angle increases rapidly. Furthermore the higher the projected
wrapping angle and conical angle, the higher the drag angle of friction surface.
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NOMENCLATURE

Beginning point of false twist inserting

End point of false twist inserting

Velocity of friction surface (mm/sec)

Velocity of friction surface at point & (mm/sec)
Velocity of friction surface at point ¢ (mm/sec)
Ratio of cone drum surface speed to forward yarn
speed (=D/V))

Length of filament yarn in twisting zone, bc (mm)
Length of bc in the flat drum (mm)

Any point on the line bc

Radius of the filament yarn (mm)

Cone drum radius at any point (mm)

Cone drum radius at point b (mm)

Cone drum radius at point ¢ (mm)

Radius of the stud of cone drum (mm)

Length of bp (mm)

Forward velocity of the zero twist filament yarn
(mm/sec)

Forward velocity of the twisted filament yarn in
twisting zone (mm/sec)

Circumferential velocity resulting from twisting of
filament yarn in twisting zone (mm/sec)

Forward velocity of the filament yarn containing
the twist angle, 6i (mm/sec)

Surface velocity of the twisted filament yarn (mm/
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sec)
a Angle between ob and op in the opening out dia-
gram
Conical angle of cone drum
Angle between ob and oc in the opening out dia-
gram
Angle between the yarn axis and the cone drum
axis
Angle between the drag velocity and the filament
yarn axis
Drag velocity of the friction surface relative to the
yarn surface
0 Surface helix angle of the filament yarn in twisting
zone
Angle between ob and oo'
Angle of wrap(bp region) on the friction surface as
seen perpendicular to the yz plane
&*  Angle of wrap (be region) on the friction surface as
seen perpendicular to the yz plane
¢ Angle between the filament yarn axis and the direc-
tion of friction surface movement
@ Angular velocity of cone drum (rad/sec)

S, ™ R R

TN

INTRODUCTION

Mamy false twist methods have been used in synthetic
fiber industry for the filament yarn texturing process. All
kinds of conventional false twist methods have drive sys-
tems for inserting twist to the filament yarns. But the
cone drum twister has no drive system for inserting false
twist. A filament yarn passes over the surface of the cone
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drum which rotates by the passing yarn without any spe-
cial driving device.

The effects of various parameters on the false twisting
tension and the yarn helix angle of the texturing yarns and
physical properties of textured yarn produced by the cone
drum twister were studied experimentally in previous
studies (Lee & Kang, 1996). Also the effects of stud
radius on dimensionless torque and the physical proper-
ties of the textured yarns in the stud type cone drum
twister also had been studied (Lee, 1995). Also in addi-
tion the theoretical calculation of the relative velocity of
friction surface of the system also had been studied (Lee,
2000).

The purpose of this paper is to develop theoretical rela-
tions between the cone drum geometry and the yarn
geometry, and especially to calculate the drag angle of the
system. The drag angle of the cone drum twister is used
to calculate the tension and torque of the yarns used in
this apparatus.

THEORETICAL ANALYSIS OF DRAG ANGLE

The side view of the cone drum twister is shown in Fig.
1. The photograph of the cone drum twister is shown in
Fig. 2. This texturing machine has of a pair of feed roll-
ers, a heater for setting deformed yarn, a pair of cone
drum twisters which forces yarn to rotate, and a pair of
take-up rollers. The false twist is inserted on the bc region
by friction between the filament yarn and the rotating
cone drum surface. Therefore the cone drum twister is
one of the outer surface contacting friction-twisting
devices in false-twist texturing. In this cone drum twister,
a filament yarn passes over the surface of the cone drum

Yarn gulding drum

Yarn twisting zone (b-c)

Al

Fig. 1. Side view of the cone drum type draw texturing machine.

F

Fig. 2. Photograph of the cone drum type draw texturing machine.

which is rotated by the passing yarn wrapped the cone
drum stud without a special driving device.

In order to analyze the drag angle in the false twisting
mechanism theoretically, the false twisting contact region
was considered. Our theoretical analysis of cone drum
twister texturing process incorporates several simplifica-
tions and assumptions. The following assumptions were
given in this analysis:

(1) The filament yarn path remains straight in the open
out diagram of the false twisting contact region, i.e., the
yarn lies on the shortest path in the false twisting contact
region.

(2) The angle of the false twist in the false twisting con-
tact region is constant.

(3) The coefficient of friction is constant and indepen-
dent of the cone drum shape and other variables.

(4) The yarn is in continuous contact with the friction
surface of the cone drum.

(5) The normal forces between the filament yarn and
the cone drum in the false twisting contact region are con-
stant.

(6) The yarn maintains a circular cross-section, radius R

(7) Yarn bending moments, shear forces, and inertia
forces are considered negligible in the false twisting con-
tact region.

Drag velocity of the friction surface relative to the
yarn surface

Fig. 3 shows the vector diagram at any point on the
false twisting region of cone drum twister for the case of
D cos ¢ < V| In this figure we can find the drag velocity
of the friction relative to the filament yarn surface

The symbols used here are as follows:

V, : Forward velocity of the twisted filament yarn
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Fig. 3. Drag velocity of the friction surface relative to the yamn
surface.

V, : Circumferential velocity of the filament yamn

Vg : Surface velocity of the filament yarn = Vi+ V,

D : Velocity of friction surface

{ : Drag velocity of the friction relative to the fila-

ment yarn surface

6 : Surface helix angle of the filament yarn, £ VpVy

¢ : Angle between the filament yarn axis and the
velocity of friction surface

The relative velocity vector of D vector to Vi vector, {
is the drag velocity of the friction relative to the filament
yarn surface.

Angle between the drag velocity vector and the fil-
ament yarn axis, &

Let the angle between drag velocity vector and filament
yam axis be 8. Then we get the following relation in Fig. 3.
Dsing-V,

tan5=m (D

Therefore the drag angle,  is given by
Dsin¢—Vysin@

O=arct 2
are anVRcose—Dcostp @
and
v, .
tanf= —"so that V=Vsin8 (3)

v
By inserting Equation (3) into Equation (1) we get

_ Ksing—tan@
tand= T Keosp (4)

where K= D/V, (Ratio of the speed of the cone drum

surface to the speed of yarn path)

Therefore
o= arctanw (5)
1-Kcos¢

In Equation (1) &0 when D sin ¢— V,=0; In this case
the total slippage occurs along the yarn path only. And &=
/2 when V| — D cos ¢= 0; Hence in this case the total
slippage is in the twisting direction only.

When ¢< 7/2 then the output tension is higher than the
input tension and vice versa.

Calculation of the angle between the filament yarn
axis and the velocity of friction surface, ¢

Calculation of the angle between the filament yarn
axis and the velocity of friction surface at the begin-
ning point of false twisting, 4

In Fig. 4, the angle between the filament yarn axis and
the velocity of friction surface at any point p, ¢ is equal to
Z poo' and the following relation is given;

pro=7 6)

where f is the angle between the filament yarn axis and
the cone drum axis.

Therefore in this figure, if we let / boo' be A and B at
point b be B, we obtain the following relation;

A=3-B, ™

The angle A4 is equal to ¢, which is the angle between
the filament yarn axis and the velocity of friction surface
at the beginning point of false twisting. The value of A is
obtained by using the relations between parameters in
Fig. 4 and it is given that

Fig. 4. Relationship between the cone drum radius at any point
and the length between the beginning point » and any point p on
the false twisting region.
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Calculation of the angle between the yarn axis and
the cone drum axis,
In Fig. 4 we obtain

cos(a+A) = 20 )
op
and
cos(ao+l)=9:_o—' (10
oc

From the above Equations we obtain

—_Ecos(aﬁ/l) 1

cos(a+A) an
On the other hand,
o, &= (12)

From the above proportional relation we obtain

&, " e
a:—é:: 5::5 (13)
&7 ob 7 oc
By using these Equations we can derive the following
result;
241
&N 1 20 2 2 2l
1 rycosec —412 cosec” ore—ry=
B=sin" po p
rCcosecfcos(é* sin-§9+1)
«
cos(sin3+1) } (14)

Relation between the contacting length and the pro-
jected wrapping angle

Let us derive the relation between the contacting length
from point b to any point p on the bc, s and the projected
wrapping angle on the yz plane, ¢

In Fig. 4 we get the following relation;

ob'(= B)+s
00'(=A)
By inserting Equation (10) into the above Equation and

by using the relations between parameters in Fig. 4 we
obtain the foliowing relationship:

tan(a+4) = (15)

I
]

_ ‘%2 1 2% 2 2 P2
§= rbcose(,2 —412 cosec 2-(’c—"b)—

0 1 2% 2 2 2
tan(51n7§+l}21{cosec 2(rC ry) l} (16)

where A is given in Equation (8).
RESULTS AND DISCUSSION

Plotting of the angle between the filament yam axis and
the velocity of friction surface at the beginning point of
false twisting, A.

The effect of the projected wrapping angle and conical
angle on the angle between the filament yarn axis and the
velocity of friction surface at the beginning point of false
twisting can be obtained by using Equation (8). Fig. 5
shows the plots of the effect of projected wrapping angle
and the conical angle on the angle between the filament
yarn axis and the velocity of friction surface at the begin-
ning point of false twisting: The higher the projected
wrapping angle and conical angle the lower the angle
between the filament yarn axis and the velocity of friction
surface at the beginning point of false twisting.

Plotting of sine of the angle between the yarn axis
and the cone drum axis, sin §

By using Equation (14) we can plot the effect of the
projected angle and the conical angle on sin f at the pro-
jected wrapping angle of 300°. Fig. 6 shows the relation
between the projected angle and sine f at various conical
angles. In this Figure, the higher the conical angle the
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Fig. 5. Effect of projected wrapping angle and conical angle on
the angle between the filament yarn axis and the velocity of fric-
tion surface at the beginning point of false twisting.
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Fig. 6. Effect of projected angle and conical angle on sin f at the
projected wrapping angle of 300°.
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Fig. 7. Relation between the contacting length from point b to
any point p on the bc, s and the projected wrapping angle on the
yz plane at the projected wrapping angle of 300°.

higher sin 8 at low projected angle, but according to the
increase of the projected angle, sin 8 decreased. The higher
the conical angle the higher the decreasing rate of sin .

Relation between the contacting length and the pro-
jected wrapping angle at various conical angles

Fig. 7 shows the relation between the contacting length
from point b to any point p on the bc, s and the projected
wrapping angle on the yz plane, { by using Equation (16).
Through this plot the following result is obtained: The
higher the conical angle the lower the contacting length
but the higher the increasing rate.
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Fig. 8. Drag angle versus yarn helix angle at various projected
wrapping angles under the conical angle of 0°.
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Fig. 9. Drag angle versus yamn helix angle at various projected
wrapping angles under the conical angle of 10°,

Effect of yarn helix angle, conical angle and projected
wrapping angle on the drag angle of friction surface

After substituting Equations (8) and (16) into Equation
(14), we obtain the value of drag angle by inserting this
Equation into Equation (4). Figs. 8~11 show the plots of
drag angle versus the yarn helix angle at various pro-
jected wrapping angles for the conical angles of 0, 10,
22.62, 30.75° respectively.

These plots show the effect of the yarn helix angle and
the conical angle of the cone drum on the drag angle of the
cone drum. These results will be affect the theoretical val-
ues of dimensionless torque and twisting efficiency.
Through Figs. 8~11, we see that the drag angle of the fric-
tion surface increases slightly as the yarn helix angle
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Fig. 10. Drag angle versus yarn helix angle at various projected
wrapping angles under the conical angle of 22.62°.

270+ Projocte.d wrapping angle
240
210
180
150

120

90E=

Drag angle (deg.), §

60

301

] 10 20 30 40 50 60 70
Helix angle (deg.), 6

Fig. 11. Drag angle versus yarn helix angle at various projected
wrapping angles under the conical angle of 30.75°.

increases until the yarn helix angle of 40° but beyond this
angle the drag angle of the friction surface increases rapidly
as the yamn helix angle increases. And these Figures show a
similar increasing tendency for all projected wrapping
angles but the higher the projected wrapping angle, the
higher the drag angle of friction surface. Also the higher the
conical angle the higher the drag angle of friction surface.

CONCLUSIONS

For the newly developed cone drum twister texturing
mechanism, the analysis of the drag angle of friction sur-
face is investigated theoretically. An analysis is given
from which Equations can be derived that relate the con-

ical angle of the cone drum, the wrapping angle, the drag
angle, and the yarn helix angle. Theoretical values of the
drag angle were calculated and plotted.

Through the plotting of theoretical values of the drag angle
of the friction surface, the following results were obtained.

1. The higher the projected wrapping angle and conical
angle, the lower the angle between the filament yarn axis
and the velocity of friction surface at the beginning point
of false twisting.

2. The higher the conical angle, the higher sin f at low
projected angle, but according to the increase of projected
angle, sin 8 decreased. The higher the conical angle the
higher the decreasing rate of sin §.

3. The higher the conical angle the lower the contacting
length but the higher the increasing rate.

4. The drag angle of the friction surface increases slightly
as the yamn helix angle increases until a yarn helix angle of
40°, but over this angle the drag angle of the friction surface
increases rapidly as the yarn helix angle increases.

5. The higher the projected wrapping angle and conical
angle, the higher the drag angle of friction surface.
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