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A Study on the Static/Dynamic Stability and the Fatigue Damages
for the Worm Gear in the B-Axis Rotary Table of a Mill Turret

Chae-sil Kim", Seung-hee Kang*
(Received 22 October 2014 ; received in revised form 24 October 2014 ; accepted 27 October 2014)

ABSTRACT

Highly functional mill turrets have been developed and continuously improved to shorten the
manufacturing time and enable multiple uses. Among these, a mill turret with B-axis rotary table was
developed. The B-axis rotary table should be evaluated for structural integrity. Moreover, its worm and worm
gear for transmitting power should be able to endure fatigue damage. Therefore, this article presents a
structural analysis of this type of B-axis rotary table and confirms its static stability by comparing the stress
results to the allowable stress levels. Next, the dynamic stability of the rotary table was investigated via a
mode analysis and a harmonic analysis in a range determined by the results of a modal analysis. Finally, a
worm gear set, the main part that drives the rotary table, is analyzed for fatigue and to estimate its lifetime.
The results of the fatigue analysis allowed a prediction of the life of the worm gear set. The analytical
results show that the B-axis rotary table has good structural integrity.

Key Words : Mill Turret Unit(E%37dl), Rotary Table(3] ZH| o] &), Fatigue Damage Analysis(3Z <4
3 41), Worm Gear( 7191), Static/Dynamic Stability(d/%5 2 <FHA)
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Fig. 1 3D model of rotary table
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Fig. 2 Each part of rotary table

Fig. 3 FE model of rotary table

-108 -



AN, A @

Table 1 Material Properties of Structural Steel

Structural
Items

Steel
Density [kg:m’] 7850
Young’s modulus [GPa] 200
Poisson’s ratio 0.3
Tensile Yield Strength [MPa] 250
Tensile Ultimate Strength [MPa] 460
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(a) Boundary conditions

(b) Load conditions
Fig. 4 Boundary and Load conditions for
Structural Analysis

-109 -



BEeTHE B ddHClE 9 7o/ FH A

EIEEC IS IEE

=71 Al7FE s g A, Al134, A5

Fig. 5 Deformation result of
structural analysis

Fig. 6 Stress results of structural analysis
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Table 2 The Frequencies of gear train rotary table

Rotating Speed Excitation Frequency

200rom Number of Lead(1) 3.33Hz
P Number of Teeth(72) 240Hz
Number of Lead(1) 5Hz

300rpm Number of Teeth(72) 360Hz

Table 3 Natural frequencies of turning table

Mode Frequency[Hz]
1 277.58
2 427.00
3 675.06
4 749.61

(a) First mode (b) Second mode

(c) Third mode
Fig. 7 Mode shapes from modal analysis

(d) Fourth mode
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(a) Boundary condition

(b) Load condition
Fig. 8 Boundary & Load conditions for harmonic
analysis

E-T.eﬁ%
<

39

109 2501 500 750 1.e+3 125643 1.det3
Frequency (Hz)
(a) Maximum stress vs frequency

30825 o
£
~1.135
[
539% 5
E‘l 376
<L

4. 7de-7

250 B0 50 143 125643 1.4ed
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Fig. 9 Response results of harmonic analysis
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(a) Displacement distribution

(b) Stress distribution
Fig. 10 Results of harmonic analysis
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Table 4 Parameters and properties of worm
Items Value
Number of Thread(Z,,) 1
Pitch Diameter(,,) 16.78 [mm]
Lead(]) 9.58 [mm]
Lead Angle(vy) 10.47 [ °]
Number of Revolutions(V,,) 300 [rpm]

Table 5 Parameters and properties

of worm wheel

Items Value
Number of Teeth(Z,) 72
Pitch Diameter(2),) 223.5 [mm]
Number of Revolutions(/V,,) 4.167 [rpm]

Circumferential Velocity( V)

0.0487 [m/s]

Table 6 Number of nodes and elements

Worm Worm Wheel
Nodes 77,135 19,679
Elements 45,484 11,142
Table 7 Material properties
Carbon | Bronze
Items .
Steel Casting
Density [kg/m’] 7861.1 | 9079
Young’s modulus [GPa] 200 200
Poisson’s ratio 0.29 0.3
Yield Strength [MPa] 305 110
Ultimate Strength [MPa] 365 221
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(@ Worm Wheel (b) Worm Shaft
Fig. 11 Boundary conditions for the fatigue
analysis

(@ Worm Wheel
Fig. 12 Load conditions for the fatigue analysis
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Table 8 Fatigue life of the worm

(@) SAE bracket history

Non-Constant Amglilude Load
History Data

b WW fy

(b) SAE transmission history

Non-Constant Amplitude Load
History Data

(c) Sample history
Fig. 15 Load histories for fatigue analysis
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Fatigue History Max. Life [Cycle]
Worm Wheel
SAE Bracket 3.3693x10° | 3.3693x10°
SAE Transmission | 1.171x10° 1.171x10°
Sample 2.0x10’ 2.0x10°
Table 9 Damages of the worm
Fatigue History Min. Damage
Worm Wheel
SAE Bracket 2,968 2,968
SAE Transmission | 854 854
Sample 50 50

(a) Fatigue life of worm
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(b) Fatigue life of worm wheel
Fig. 16 Fatigue life for SAE bracket history

(a) Damage of worm
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(b) Damage of worm wheel
Fig. 17 Damage for SAE bracket history
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(b) the Worm wheel
Fig. 19 Damage matrices for sample history
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