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A Case Study on the Structural Design Improvement of a Mold M/C's Head Slides
for Smooth Motion Regarding to Inertia and Moment Impact

Y. H Choi*, J. H. Hong", E. Y. Choi’, J. Y. Lee”, T. G. Kim™, W. S. Choi

| Abstract L

Heavy-weight head slides may cause excessive inertia impact & moment on the machine tool
structure when they move or stop abruptly during operation. Consequently these inertia impact and
unbalanced moment bring transient vibrations and rough sliding motions on the machine structure.
Machine tool engineers have tried many kind of feed-slide designs in order to solve this problem; for
example, the design optimization of the moving structure for minimum weight and maximum stiffness,
box-in-box type slide design, and so on. In this article, force and moment equilibrium equations
regarding to the inertia force & moment were derived for each one of a mold M/C's head slides.
Furthermore, five different design configurations of head slide assembly were reviewed for its design
improvement regarding to force & moment calculations and finite element structural analysis results.
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Fig. 1 Configuration of planar motion of a
mold M/C's head slides in the X-Y plane
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Fig. 2 Only ZX-slide moves along Y-slide
in the X-direction
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Fig. 3 Free-body-diagram of ZX-Slide acted
on by the effective force in the x—direction
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Fig. 4 Free-body-diagram of Y-Slide acted on
by the effective force in the x~direction
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Fig.5 Free-body-diagram of head assembly acted on
by the effective force in the y-direction
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Fig. 6 Finite element model of the head
slide assembly

Table. 1 F.E.M. Modeling description

No. of nodes 2098
Element type SHELL 188 : 2193
and No. of COMBINE : 8
elements MASS 21 - 4
1) UY=0 at nodes on both
. side end panels of Y-slide,
Constraints

2) Fixed at all nodes supporting

LM blocks
Harmonic force of 500 N in

Applied load | the iso-axial direction at spindle

(or tool) end
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Table.2 Description of design cases

Casel Z7] 44

EEREEE

Case2 YO 2 100 mm B4

Case3 LM 229 9a Y4 -100 mm 0%

&ctol= & 100 mm Z4

Cased
LMEE A Y -100 mm °|%F

Y&ato|Z £ 150 mm 74

Case5
LMEE §1 Y'#% -50 mm 0%
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Table.3 o YERITE.

Table.3 Important dimension changes

#1 #2 #3 #4 #5

mass | aes | 265 | 265 | 265 | 265
(Mx)
mass 1 7782 | 7069 | 7923 | 7284 | 6784
(my)

Lx 0224 | 0224 | 0.224 | 0.224 | 0.224

Ly [0.1065 | 0.1065 | 0.1065 | 0.1065 | 0.1065
Lxi 0.224 | 0224 | 0224 | 0.224 | 0.224
Lx 0.731 | 0.731 | 0.731 | 0.731 | 0.731

Lvi 0.048 | -0.052 | 0.048 | -0.052 | -0.102
Lys [ 0.2085 [ 0.2085 | 0.3085 | 0.3085 | 0.2585
Lys | 0.2085 | 0.2085 | 0.2085 | 0.2085 | 0.2085
Lxc | 0.103 | 0.103 | 0.103 | 0.103 | 0.103
Fzxx | 51993 [ 51993 | 5199.3 | 5199.3 ] 5199.3
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Table. 4 Computed reaction force

#1 #2 #3 #4 #5

Rzxa
(=Rz2)
R 859.2 | 859.2 | 859.2 | 859.2 | 859.2

Rzvy2 | -859.2 | -859.2 | -859.2 | -859.2 | -859.2
Rvs | 2522.1 | 1898.7 | 2034.3 | 1531.4 | 1757.1

Ryxs  |-1395.12]-1976.52(-1662.41}-2165.23{-2359.31
RYyl
(RYyZ)

Ryys

(Ryya)
4.3 AAYhE TN A5 BY

2599.6 | 2599.6 | 2599.6 | 2599.6 | 2599.6

4531.7 | 4258.8 | 4632.9 | 4352.8 | 4133.8

6018.2 | 5655.8 | 6152.6 | 5780.6 | 5489.8
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Fig. 7 Computed compliance for 5-design cases

Table. 4 Computed natural frequency and compliance

esign case

#1 ) #2 #3 | #4 | #5

natural freq.[Hz] | 8.1 { 6.9 | 8.1 | 5.9 | %7

compl 1ance-
static [uN] 0.0246 { 0.0242 | 0.0250 | 0.0242 10.0250
campliance—
. , 1076 1 1.085 | 1. . .
wnamic [u/N] 073 | 1.0 [ 1.011
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