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Fracture Analysis of a Spindle in the X-Lift

Seok Jae Chu
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Abstract

91

E), Fractorgraphy (3% #32h), Rotating-

One of the two spindles in the X-lift fractured suddenly during normal operation. The fracture
occurred at the notch where the bending moment might be the maximum. Macrofractographic features
associated with rotating-bending fatigue are evident on the fracture surface. The 3-D finite element
analysis of the X-lift reveals that the spindle rotated under bending. The measured surface strain of
the spindle varies cyclically as the spindle rotates. It supports that the spindle rotated under bending.
The X-lift is not perfectly symmetrical with respect to both the horizontal and the vertical plane. The
slightly unsymmetrical deformation can cause the bending of the spindle.
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Table 1 Dimensions in Fig. 4 Table 2 Results from the static analysis
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(a) Vertical external loads and horizontal Fig. 5 Tensile force in the spindle vs. z
spindle forces
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Fig. 4 Free body diagram of the X-lift
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Fig. 7 Bending stresses around the notch under
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Table 3 Finite element results
(a) at the strain gage application
Stress Strain
y = 1,600 mm (MPa) (ne)
Mean | Range | Mean | Range
@ Load 30 kN 5 33 24 15
@ Self-Weight 4 s 17 22
® Both 9 8 44 39
Stress Strain
y = 200 mm (MPa) (1 e)
Mean | Range | Mean | Range
@ Load 30 kN 8 4 39 29
@ Self-Weight q 11 27 51
® Both 137, 17 63 83
(b) at the notch
Stress Strain
y = 1,600 mm (MPa) (1 e)
Mean | Range | Mean | Range
@ Load 30 kN 26 40 124 193
@ Self-Weight 1 600 78 293
@ Both 43 118 207 573
Stress Strain
y = 200 mm (MPa) (1 ¢e)
Mean | Range | Mean | Range
D Load 30 kN 40 82 193] 398
@ Self-Weight 30 137, 146 668
@ Both 700 2190 341 1,068
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