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A Study on the Kinematic Winding Control Algorithm
for Degressive Pirn Winding
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ABSTRACT

Direct motor-driven winding has been increasingly applied in winding machinery. However, it is necessary to
analyze the kinematics of winding prior to developing the winding control algorithm, because direct motor-driven
winding machine should be operated in accordance with the pre-determined kinematic information for the winding
control. This paper presents the kinematics of the degressive winding method and its kinematic winding control
algorithm in order to wind the required volume of a pirn package in a desired shape. The proposed algorithm can
give the appropriate yarn speed, traverse speed, and the spin speed of the spindle at every traverse stroke, which
are utilized for controlling the spindle motor and traverse motor of the winding machine. Computer winding
simulations showed that the proposed algorithm is successful in the degressive pirn winding.

Key Words : Kinematic winding control(7) 7%} #A} #©), Degressive winding pirn(t] Z#| A|H. @A}, Yarn
speed(Kh3%), Traverse speed(EM 2 £ %), Computer simulation(F FE 2AD

7|54y
»n =denier of the yarn
A =nominal sectional area of fiber (mz) p =traverse coil pitch (m)
CD =nitial traverse stroke length (m) Y
CF =traverse stroke length at full bobbin (m)
CT =total traverse stroke length (m)

d = fiber diameter (m)

P; =yarn position vector at the i-th traverse
§ =total yarn length (m)

§; =yamn length wound in the i-th stroke (m)

DF = package diameter at full bobbin (m) T =total winding time (s)
DS =bobbin diameter (m) AT =winding time for each stroke (s)
N =number of traverse strokes V =total volume of package (m*)
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V, =net volume of yamn in the package (m3)
v, =traverse speed at the i-th stroke (m/s)
v, =yarn speed (m/s)

W =package weight(mass) (kg)

2; =gstroke length at the i-th traverse (m)

¢ =package volume compensation factor

o = mass density of yarn (kg/m3)

¢ =cone angle (rad)

@; =bobbin spin speed in ¢-th traverse (rad/s)
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Fig. 1 Package dimensions and partitioned volumes
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(a) package dimension (b) traverse change

Fig. 3 Degressive pimn and its traverse change
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(a) yarn position vector (b) package section

Fig. 4 Yarn position and package diameter increment
at i-th traverse stroke
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Fig. 5 Kinematic relations between traverse coil pitch,
traverse velocity and spin speed
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Table 1 Recommended traverse coil pitch according
to denier value

Recommended
traverse coil pitch ( x10 ™ °m)
0.5
07 ~ 20
1.0 ~ 3.0

Range of denier
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(b) graphic display of the simulation result

Fig. 6 Computer simulation of degressive winding
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