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Mechanical failure and noise due to vibration are problems associated with a
high-speed winder when operated at a higher operation speed at an industrial site.
Such a phenomenon is due to resonance owing to the close proximity of the
operating speed and natural frequency of the winder. In order to solve this
problem, a design to avoid resonance is required. A design is proposed to avoid
natural frequencies near the operating speed (17,000 rpm). In this paper, the
design parameters of a high-speed winder are defined with a manufacturer.
Modal analyses were performed by changing design parameters using ANSY'S to
obtain the natural frequencies. In order to analyze deformation when a high-speed
winder with an unbalanced mass was rotated at the operational speed, simulations
for harmonic excitation were performed.
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Fig. 1 Sectional configuration of a high speed winder with more
than 70 components
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Fig. 2 Meshed FE model through simplification process
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Fig. 3 Boundary conditions for the FE analysis of a high speed
winder
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Fig. 4 Rotating conditions for the FE analysis of a high speed
winder
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Fig. 5 FE models by increasing the outer diameter of the shell

Table 1 Variations of the outer diameter of the shell as one
of design parameters

No. Outer diameter [mm] Changing parts
1 96 mm
2 101 mm
Shell only
3 106 mm
4 111 mm

Inner diameter of the shell is fixed to 88 mm

Fig. 6 FE models by moving locations of thermal insert parts
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Table 2 Variations of locations of thermal insert part as one
of design parameters

No. | Movement [mm] Direction Changing parts

1 50 mm Front

2 100 mm Front

3 150 mm Front Shell,
Supporter,

4 50 mm Rear Rear shaft

5 100 mm Rear

6 150 mm Rear

Fig. 7 FE models by the change of lengths of thermal insert
parts

Table 3 Variations of lengths of thermal insert part as one of
design parameters

No. Length [mm] Direction Changing parts
1 50 mm Front
2 100 mm Front Shell,
3 50 mm Rear Supporter,
4 100 mm Rear Front shaft,
5 50 mm Both Rear shaft
6 100 mm Both

Fig. 8 FE models

by the change of locations

of bearing
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Table 4 Variations of locations of bearing as one of design

parameters
No. Movement [mm] Direction Changing parts
1 50 mm Rear
2 100 mm Rear Supporter,
Front shaft,
3 150 mm Rear Rear shaft
4 200 mm Rear

The change of location based on the front bearing BN35

Table 5 Comparison of the 3rd natural frequency and operating
speed of a high speed winder by modal analysis

No| Modeling naturzlefrzcrl?lency
A
1. Bearing location-200 mm 205 Hz
2. Bearing location-150 mm 231 Hz
3. T.LP location (front-50 mm) 236 Hz
4. Bearing location-100 mm 237 Hz
5. T.IP location (front-150 mm) 239 Hz
6. | T.LP length (F-100 mm)+bearing-50 mm 241 Hz
7. Bearing location-50 mm 243 Hz
8. T.I.P location (front-100 mm) 252 Hz
Operating speed of a high speed winder (127é2()3(; I'II_’ITZI;
B
1. | T.LP length (R-100 mm)+bearing-50 mm 345 Hz
2. T.LP length (Rear-50 mm) 332 Hz
3.| T.LP length (R-50 mm)+bearing-50 mm 317 Hz

* T.I.LP = Thermal Insert Part, F = Front, R = Rear

(a) Mode shapes of the 1st and 2nd natural frequencies

(b) Mode shapes of the 3rd and 4th natural frequencies

(c) Mode shapes of the 8th and 9th natural frequencies
Fig. 9 Mode shapes of a high speed winding machine
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Fig. 10 Modal testing by impact hammer and accelerometer
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Fig. 11 Location of accelerometer for modal testing by an
impact hammer

Fig. 12 Locations of fixed accelerometer and impact points by
an impact hammer

%8,
F 3
a= 1/(2 &)

Qfiz)es

%] bandwidth
A, 1.0 A afo,

~

X 1
(m)max = (m)w=mn: 2_2 =0Q

Wy — Wy

Iz

4

Fig. 13 Viscous damping ratio by quality factor and half-power
points in frequency domain (Reference number [8])
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Table 6 Viscous damping ratios by modal testing

Positions Damping ratio (¢)
@® 0.011
@ 0.014
(©) 0.013
@ 0.014
® 0.017
Average ¢ 0.014
Options
Frequency Spacing Linear
Range Minimum 0, Hz
Range Maximum 300, Hz
Solution Intervals 6000
Damping Controls
Constant Damping Ratio [1.9-002

Fig. 14 Inputs for harmonic excitation simulation by the ANSYS
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Fig. 15 FE model added an unbalanced mass to the cross section
of a high speed winder

(a) Plane 1 (b) Plane 4

Fig. 16 FE models considering locations of Plane 1 and Plane
4 for harmonic excitation analysis of a high speed
winder
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(a) Adding unbalanced mass to Plane 1

(c) Adding unbalanced mass to Planel and Plane 4

Fig. 17 FE models with unbalanced mass added to planes

(a) Deformations of the 1st resonance (17.8 Hz)

(b) Deformations of the 2nd resonance (39.3 Hz)

(c) Deformations of the 3rd resonance (283 Hz)

Fig. 18 Deformations of a high speed winding machine in
harmonic excitation analysis
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Fig. 19 The relations between the location of unbalanced mass
and the deformation of the winder

Table 7 Inputs for the change of number of unbalanced mass

Plane 1 - 1.6 g 1 tap

Plane 1 - 1.6 g 2 taps

Number of | )
unbalanced mass
Unbalanced mass 0.0016 kg 0.0016x2 kg
Rotating radius 46 mm 46 mm
Unbalanced force | 0.0736 kg - mm 0.1472 kg - mm

Table 8 Inputs for the change of magnitude of unbalanced mass

Plane 1 - 1.6 g 1 tap

Plane 1 - 3.2 g 1 tap

Number of | |
unbalanced mass
Unbalanced mass 0.0016 kg 0.0032 kg
Rotating radius 46 mm 46 mm
Unbalanced force 0.0736 kg - mm 0.1472 kg - mm
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Fig. 20 The relations between the number of unbalanced mass
and the deformation of the winder
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Fig. 21 The relations between the magnitude of unbalanced mass
and the deformation of the winder
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