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Abstract

In this article, we introduce a practical case
study of the structural design improvement
for a vertical machining center. During test
operations, it have experienced excessive
deflections and vibrations due to the
fluctuating forces generated by the ball-screw
thrust motor. At first we did investigate
where and how much deflections and
vibrations had been brought about on it.
Next we made some possible structural
design alternatives. It is a matter of course
to compare finite element static and dynamic
analysis results of both the original design
and alternatives. Fortunately we have been
able to find out a good one among those

alternatives.
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Fig. 1 Schematic of the Vertical Milling M/C
Structure
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Fig. 2 F.EM. Modelling of the Original
Design

Fig. 3
Alternative of Design
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FEM Modelling of the I1st

Fig. 4 FEM. Modelling of the 3rd

Alternative of Design.
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Table 1 F.EM. Modelling Data
Model| Original Ist 2nd
Item Design |Alternative| Alternative

No. of
750 1 1
Nodes 175 400 2116
No. of |03 818 1083
Elements
Boundary Fix all nodes at border lines
Conditions between rear panel and base or
side panels(Ux, Uy, Uz = 0)
Young's 207GPa
modulus
Poxss%ons 03
ratio
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Fig. 5 Velocity Diagram of the Head
Assembly Moving along LM Guide
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Fig. 6 Dynamic Force Acting on the
Rear Panel
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Fig. 7. Analyzed Static Deflection Contour of

the Original Design by F.E.M.

Fig. 8. Static Stress Contour of the Original
Design by F.E.M.
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Fig. 9 Static Deflection Contour of the First
Alternative Design by F.EM.

Fig. 10 Static Stress Contour of the First

Alternative Design by F.EM.
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Fig. 11  Static Deflection Contour of the

Second Alternative Design by F.E.M.
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Fig. 12 Static Stress Contour of the second
Alternative Design by F.EM.

Table 20]= AAR=DA did HH
H2%E AgstH

Table 2 Static Structural Analysis Results

Maximum | Maximum
Results . .

Deflection Stress

Model
{mm] [MPa]

Original Design 0.0613 145
Ist Alternative 0.122 22.7
2nd Alternative 0.044 762
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Fig. 13 Computed Transient Vibration
Response(Displacement) of the  Original

Design due to Dynamic Force
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Fig. 13 Computed Dynamic Stress of the
Original Design due to Dynamic Force
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Fig. 14 Vibration

Response(Displacement) of the 1st Alternative

Computéd  Transient

Design due to Dynamic Force
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Fig. 15 Computed Dynamic Stress of the 1st
Alternative Design due to Dynamic Force
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Fig. 15
Response(Displacement) of the 2nd

Computed Transient Vibration

Alternative Design due to Dynamic Force
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Fig.16 Computed Dynamic Stress of the 2nd
Alternative Design due to Dynamic Force
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Table 3. Transient Vibration Analysis Results

Response| Maximum Maximum
Transient Dynamic
Vibration Stress
Model [mm)] [MPa]
Original 0.0619 14.7
Design
Ist
Alternative 0.128 29
2nd
Alternative 0.0457 7.80
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