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Synopsis :

Based on the analysis of equipment life, it is found that mechanical elements
significantly affect equipment life and cause unexpected shut down. The life
prolongation of mechanical elements was tackled by substantial improvement. As a
result, a looseness-free nut, the life prolongation technology of a hydraulic cylinder and
a cross bearing of the universal joint have been developed and applied to commercial
production lines. Owing to these efforts the countermeasures brought about significant

life prolongation of equipment.
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Based on the analysis of equipment life, it is found that mechanical elements significantly affect equipment life and
cause unexpected shut down. The life prolongation of mechanical elements was tackled by substantial improvement. As a
result, a looseness-free nut, the life prolongation technology of a hydraulic cylinder and a cross bearing of the universal
joint have been developed and applied to commercial production lines. Owing to these efforts the countermeasures

brought about significant life prolongation of equipment.
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Fig.1 Analysis of down time caused by mechanical elements
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Fig. 2 Trouble occurrence rate and down time rate of several

mecanical elements
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Fig. 3 Analysis of bolt and nut trouble

Table 1 Classification of thread loosing cause

Early stage loosing

Depression loosing (Thread face and base face)
Micromotion wear (Thread face)

Overladen external force

Thermal factor

Thread loosing
without rotation

Vibration at axial direction
Vibration at horizontal and vertical directions
Vibration at rotation direction

Thread loosing
with rotation
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Fig. 4 Section of looseness-free nut
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Fig. 5 Model of FEM analysis
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Fig. 6 Mises stress distribution of JIS standard nut (only axial
force applied)
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Fig. 7 Mises stress distribution of looseness-free nut (axial force
and amount of eccentricity () = 0.20 mmy)
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Fig. 8 Result of the nut lcosing experiment

(a) Appearance of a torpedo car (b) Fastening condition

Photo 1 Application example of looseness-free nut
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Fig. 9 Damage analysis of hydraulic cylinder
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Fig. 10 Calculated result of fatigue strength
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Table 2 Rod surface treatment to prolong cylinder life

Surface  Thickness of
Environment Surface treatment hardness treatment

(Hv) (mm)
General Hard chrome plating 800 0,05
Corrosion | Liard chrome 900 0.0

carbide plating

Wear . Tungsten .carbld.e 1200 0.05
corrosion spray coating
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Fig. 11 Damage and improvement of high-pressure cylinder
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Fig. 14 Finite element model for 3-dimensional analysis
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Fig. 17 Disribution of force in cross axial direction at maximum
force angle
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