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Abstract 
The article presents an analysis of the dynamics of interaction of a single fiber 
with the sampling drum of a headset during pneumomechanical spinning. 
The regularity is investigated and the equation of the movement of fibers on 
the surface of the tooth of the sampling drum headset is obtained. It was 
found that the dependences of the movement of fibers along the tooth at dif-
ferent angles of inclination, the distribution of fiber tension along the arc, and 
the distribution of fiber speeds in the region of the sampling arc have an in-
crease property. As a result of the analysis of the tension and speed of the fi-
bers, it was found that with the increase in the sampling zone, the tension 
force and speed of the fiber increase. 
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1. Introduction: Formulation of the Problem 

In the discretization zone, the headsets of the sampling drum enter the beard of 
the clamped fibers. The amount of immersion of the teeth of the headset de-
pends on the shape of the supporting surface to which the fibers are pressed by 
the headset. The teeth of the headset act on fibers that are within their reach, and 
those fibers whose relationship with the mass of the tape is less than the impact 
of the headset are pulled out of the feed product—the tape. 

In this case, the interaction of the tooth of the headset with a beard occurs ac-
cording to two schemes. In the first scheme, the tooth acts on the fiber with its 
front face, drawing it into motion. According to the second scheme, the lateral 
face of the tooth creates friction forces, which when the headset is immersed in 
the beard, cause a certain force in the fiber, which leads to partial straightening 
of the curved fibers. 
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The fibers held by the rear ends in the clamp of the feed device are under the 
influence of friction forces and resistance to pulling fibers, which are in active 
interaction with the teeth of the headset. 

In the process of interaction, one or several fibers are pulled out from the 
beard, which subsequently come into contact with each other and form a single 
complex. The separation of the fibers occurs during the implementation of 
mainly the second interaction scheme, where it occurs at a high frequency of 
exposure of individual teeth of the headset throughout the sampling area. 

In this case, the headset fibers are transported from the region of high density 
beards in the region of low density. The orientation of individual fibers in the 
headset depends on their location in the beard before interacting with the teeth 
of the headset. If the fibers are at an angle to the direction of the headset, they 
can be elongated with the front edge of the tooth. Such fibers practically do not 
parallelize, tend to form knots. Taking into account the above mentioned me-
chanism of fiber movement in the sampling zone, to describe the process of the 
dynamic interaction of individual fibers with the teeth of the headset, we accept 
the following calculation schemes. 

2. The Main Part 

We model the fiber capture pattern with the front face of the tooth, along which 
it makes a movement, and thus affects the process of pulling it out of the pulp 
(tape). A number of studies of domestic and foreign scientists are devoted to the 
modeling of such processes [1]-[9]. 

The arrangement of a fiber of mass m on the tooth surface is shown in Figure 
1, Where α denotes the angle between the front face of the tooth and the direc-
tion of the radius—the OB vector. We denote the position of the point M along 
the tooth by the distance r = BM. 

In Figure 1. angles β, δu and γ will be equal 

0tβ ω ϕ= ⋅ − ; 0tγ δ α ω ϕ= = + ⋅ −  

The coordinates of the material point of position (mass) M(x, y) are calculated 
by the formulas 

( ) ( )0 0cos cos cos cosх ОА АС R r R t r tβ γ ω ϕ α ω ϕ= + = + = − + + −    (1) 

( ) ( )1 1 1 0 0sin sin sin siny ОA A C R r R t r tβ γ ω ϕ α ω ϕ= + = + = − + + −    (2) 

We choose the distance r = BM of the generalized coordinate and find the ki-
netic energy of a material point of mass m by the formula: 

( )
( ) ( ) ( ){

( ) ( ) ( ) }
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Figure 1. Layout of a fiber of mass m on the tooth surface. 
 

The mass is affected by the gravity of the material point and the friction force 
created by the force of gravity and the Carioles’ force, the projections along the 
MV line will be equal. 

singF mg γ= ; cosgтрF fmg γ= ; 2 cosктрF mf rω α=           (4) 

We now compose the second-order Lagrange equations 

d
d g gтр ктр

T T F F F
t r r
σ σ  − = − − ∂ ∂ 

                  (5) 

Substituting the expression T, Fg, Fgtr, Fctr, from (3) in (2.10) we obtain the eq-
uation for determining the distance r: 

( ) ( )

2

2
0 0

2 cos

cos sin cos

r f r r

R g t f t

ω α ω

ω α α ω ϕ α ω ϕ

+ ⋅ −

 = + + − − + − 

 

         (6) 

Equation (5) is integrated under zero initial conditions: 

0; 0r r= =  при 0t =                     (7) 

The solution of Equation (6) is presented in the form: 

( ) ( )1 2
1 2 0 0 0 0 0e e sin cost tr A A A B t C tλ ω λ ω ω α ϕ ω α ϕ= + + + + − + + −    (8) 

where 2 2
1 cos 1 cosf fλ α α= + − , 2 2

2 cos 1 cosf fλ α α= − + − . 

We substitute (7) into Equation (6) and equate the coefficients with constant 
and functions ( )0sin tα ω ϕ+ −  and ( )0cos tα ω ϕ+ −  to the right and left of 
the equality, then we get 
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0 cosA R α= − , 
( )
( )

2

0 2 2 2

1 cos

2 1 cos

g f
B

f

α

ω α

−
= −

+
, 

( )
( )0 2 2 2

1 cos
2 1 cos

gf
C

f
α

ω α

+
= −

+
, 

To determine the constants A1 and A2, we use the initial conditions (7), which 
give: 

( ) ( )
( ) ( )

1 2 0 0 0 0 0 1 1 2 2

0 0 0 0

sin cos

cos sin

A A A B C A A

B C

α ϕ α ϕ λω λ ω

ω α ϕ α ϕ

+ = − − − − − + +

= − − + −
 

From the last system we find the constants A1 and A2: 

( ) ( ) ( ) ( )2 0 2 0 0 0 2 0 0 0
1

1 2

sin cosA B С С B
A

λ λ α ϕ λ α ϕ
λ λ

+ + − + − −
=

−
 

( ) ( ) ( ) ( )1 0 1 0 0 0 1 0 0 0
2

2 1

sin cosA B С С B
A

λ λ α ϕ λ α ϕ
λ λ

+ + − + − −
=

−
 

The movement of the fiber along the BM line starts from the moment it is 
captured by the front face of the tooth, if the condition 

0r >  at 0t =  putting in the Equation (6) z, we find 

( ) ( )2
0 0cos sin cos 0R g fω α α ϕ α ϕ + − − − ≥   

or 

( )2
0cos cos tg 0g fω α α α ϕ + − − ≥                (9) 

If you assume 

0α ϕ> , 
2

α <
π , 0 2

α ϕ− <
π , 

then the last inequality is always satisfied, if required ( )0tg fα ϕ− >  or

0 arctg fα ϕ> + . If ( )0tg fα ϕ− < , or 0 0 arctg fϕ α ϕ< < + , then the condi-
tion of the drum speed satisfies the inequality 

( ) ( )( )02
0

cos
tg

cos
g

f
R

α ϕ
ω α ϕ

α
−

> − −                (10) 

Let now 

0α ϕ< , 
2

α <
π , 0 2

ϕ α− <
π . 

Then we rewrite inequality (9): 

( ) ( )2
0 0cos cos tg 0g fω α ϕ α ϕ α − − + − ≥   

From the last inequality we have 

( ) ( )( )0 02 cos tg
cos

g f
R

ϕ α ϕ α
ω

α

− +
>                 (11) 

If the angular velocity of the drum ω does not satisfy inequalities (10) and 
(11), then the movement of the fiber along the face of the tooth begins from the 
time determined from the equation 

( ) ( )2
0 0 0 0cos sin cos 0R g t f tω α α ω ϕ α ω ϕ + + − − + − =   
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where, depending on the values ω, α or φ0 we find 0 0t =  if 
2

2 1
cos

g f
R

ω
α

+
 , 

2

0 0 0 2

1 cosarcsin
1

Rt
g f

ω αβ ϕ α
ω

 
 = + − −
 + 

 

at 
2

2 1
cos

g f
R

ω
α

+
<  

2

0 2

cosarcsin
1

R

g f

ω αα ϕ β< + −
+

 

where, 0 2

1arcsin
1 f

β =
+

. 

If we denote by tk the time spent by the fiber in the sampling zone, then the 
fiber moves along the effects of the tooth, if the conditions are met: 

( ) 0kr t r≤                           (12) 

where 0r -the length of the front edge of the tooth. 
If condition (12) is not satisfied, then the fiber can leave the tooth surface be-

fore it enters the transportation zone. 
Now we simulate the process of dragging the fiber with the teeth of the head-

set in the sampling zone. We accept that fibers as a deformable thread of finite 
length have an arcuate shape, the surface of which interacts with the surround-
ing pulp. When leaving the feed zone, all fiber points have a speed and a tension 
of T0. 

We accept that the fiber is deformed according to Hooke’s law: 
T ES ε= ⋅                           (13) 

where Е-modulus, S-cross-sectional area of the fiber, is the relative deformation. 
If we denote by V0 and V the initial and current volume of the fiber, then the 
relative change in its volume will be equal 

0

0

V V
Vϑε
−

=                          (14) 

Moreover 

1 2 3ϑε ε ε ε= + +  

where 1 2 3, ,ε ε ε -changes in the size of the thread in the axial and transverse di-
rections. If we consider a thread of cylindrical shape, то 2 3ε ε µ ε= = ⋅  µ - 
Poisson. In view of the last equality, we have 

( )1 2ϑε µ ε= +  

Then from Formula (14) we find 

0

0

1
1 2

V V
V

ε
µ

−
= ⋅

+
 . 

On the other hand 

0
0

1V
ρ

= , 
1V
ρ

= , 
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where 0ρ  and ρ -initial (when leaving the feed zone) and the current density 
of a single fiber, thus we have 

0 0 0

0

1 1
1 11

11 2 1 2
ρ ρ ρ ρ ρ

ε
µ ρ ρ µ

ρ

− +
−  

= ⋅ = = − + + 
 

From the last equality we express the change in density through deformation 

( )0 1 2 1
ρ

µ ε
ρ

= + + . 

Formula (13) is written as 

0 1
1 2

ET S
ρ

µ ρ
 

= − +  
                       (15) 

The process of dragging the fiber is considered stationary; in this case, the law 
of conservation of mass 

0 0 0S Sρ ϑ ρ ϑ=                           (16) 

Here S0 and S fiber cross section, ϑ -section speed. From the Equation (15) 
taking into account (16), half  

( )0 0 0

0

1 2
1

TS S
S S ES

µρϑ
ϑ ρ

+ 
= ⋅ = + 

 
 

In the future we get S0 and S we have put 

( )
0

0

1 2
1

T V
ES

ϑ ϑ
+ 

= + 
 

                      (17) 

Accordingly, for density we have:  

( )
0

0

0

1
1 2

1
T

ES

ϑρ
µρ ϑ

= =
+

+
                     (18) 

Formulas (17) and (18) establish the relationship between the tension of the 
thread and the speed as well as the density in an arbitrary section of the fiber. 

Let us create the equation of the balance of the thread taking into account the 
resistance of its environment [10] [11]: 

d 0
d
T
l

τ− = , 0T q
R
− =                      (19) 

where, l- the length of the arc to be reported from the point of the fiber exit from 
the feed zone; τ  and q intensity of tangential normal forces on the surface of 
the thread.: We accept, then the values τ  and q are bound according to the 
Kulon law by dependence f qτ = ⋅  (f-coefficient of friction). With this in 
mind... 

d 0
d
T Tf
l R
− = , 0 l t Rω≤ ≤ ⋅                  (20) 

where ω  and R the angular velocity and radius of the drum. We introduce the 
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moving coordinate x l t Rω= − ⋅  and integrate the Equation (20). 

e
fl
RT A=                             (21) 

where A is an arbitrary constant determined from the condition of capturing 
(dragging) the fiber by the teeth of the headset.  

Rϑ ω= ⋅  при 0x =  

Then from (2.23) we find the tension value in the section 0S =  

0
0

0

1
1 2

ESRT ω
ϑ µ

 
= −  + 

                      (22) 

Taking into account (22), the Formula (21) takes the form 

0

0

1 e
1 2

l tf
RESRT

V V

ωω − 
= −  + 

 

The speed and density in any section is calculated by formulas: 

0
0

1 1 e
l tf

RRV V
ωω

ϑ

−  
= + −  

   
 

0

0

1

1 1 e
l tf

RR ωρ ρ
ω
ϑ

−
=

 
+ − 
 

 

3. Analysis of the Results 

The obtained equations are processed on a computer using the Maple program 
with the natural parameters of technological machines and graphical dependen-
cies are obtained fiber movement when moving along the tooth of the headset at 
different angles from time to time (Figure 2); the distribution of fiber tension 
along the arc of the sampling zone at different speeds of rotation of the drum 
(Figure 3), the distribution of fiber speed along the arc of the sampling zone at 
different speeds of rotation of the drum (Figure 4), according to which it can be 
noted that all the dependencies have an upward character of change . 

The dependence of the movement of the fiber when moving along the tooth of 
the headset at different angles from time to time (Figure 2) also shows that, in 
hundredths of a second (0.001 sec), the movement of the fiber does not exceed 3 
- 7 mm at angles- 10α =  , 30α =  , 45α =  , 60α =  . 

A, the dependence of the distribution of fiber tension along the arc of the 
sampling zone at different speeds of rotation of the drum (Figure 3) shows that 
at angular speeds 600 - 750 sek−1, a change in distance from 0 to 0.1 m leads to 
an increase in fiber tension in the range 19 - 24 cN.  

Also, the dependence of the distribution of the fiber velocity along the arc of 
the sampling zone at different speeds of rotation of the drum (Figure 4) shows 
that at angular speeds of 600 - 750 sec−1, a change in the distance from 0 to 0.1 m 
contributes to an increase in the fiber speed from 37 - 49 m/s. 
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Figure 2. The time-dependant ( )секt  movement of the fiber ( )ммr  along the headset 

tooth at different angles α  1- 10α =  , 2- 30α =  , 3- 45α =  , 4- 60α =  . 
 

 
Figure 3. Distribution of fiber tension ( )сНТ  along the arc of the sampling zone at dif-

ferent rotational speeds of the drum ( )1 secω  1- 600ω = , 2- 650ω = , 3- 700ω = , 4-

750ω = . 
 

 
Figure 4. Distribution of fiber velocity ( )м cv  along the arc of the sampling zone at 

different rotational speeds of the drum (1/sec). 1- 600ω = , 2- 650ω = , 3- 700ω = , 4-
750ω = . 

https://doi.org/10.4236/eng.2020.126027


Y. Jamshid et al. 
 

 

DOI: 10.4236/eng.2020.126027 355 Engineering 
 

4. Conclusions 

1) The regularity was studied and the equation of fiber motion on the tooth 
surface of the headset of the sampling drum was obtained. 

2) As a result of the analysis of the tension and speed of the fibers, it was 
found that with an increase in the sampling zone, the tension force and the 
speed of the fiber increase. 
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