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Study on Structural and Stability Analyses of the Main Parts of a High-Precision
Grinding Machine Considering the Cutting Force
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Recently, the quality of products after the corresponding machining processes were scrutinized in
the interest of maintaining a high product-quality standard. The structure and stability of machine
tools are important for the prediction of product quality. A structural analysis needs to be carried
out to achieve the stable design of machine tools before the initial design stage in the
manufacturing process of a precision product. In this study, a structural analysis was carried out
using a finite element analysis (FEA) simulation to obtain the design stability of the main parts of
a grinding machine. The sizes and locations of both the maximum stress and deformation in
consideration of the cutting force of the chuck, tail stock, and bearing of the grinding machine
were analyzed. Finally the grinding machine was successfully developed.

71549

W, = Tangential force
W, = Separating force
W_.= Worm thrust force 10h
B, = Input power in horsepower

n, = Rotations per minute of the worm

KEYWORDS: Grinding machine (21447]), Structural analysis (T Z3ll41), Finite element analysis (82 243} 41), Cutting
force (2 4AH3)

A= Worm lead angle

/.= Rotational speed coefficient
/,= Service life coefficient

L,,, = Rated fatigue life

C, = Basic dynamic load rating

P = Dynamic equivalent load

d = Pitch diameter of the worm X,Y = Radial and axial load factor
o, = Normal pressure angle F, F,= Radial and axial load
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Fig. 1 Drawing and Model of the chuck

Fig. 2 Mesh discretization of the chuck

Table 1 Material properties of the chuck

ppm |
o8

Fig. 6 Mesh discretization of the tail stock

Table 2 Material properties of the tail stock

Material | Young’s modulus| Poisson’s ratio | Density

Material | Young’s modulus| Poisson’s ratio | Density

SM45C 208GPa 0.28

7,817kg/m’

GC300 125GPa 0.3 7,250kg/m’
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Fig. 4 Deformation and stress according to cutting force

Fig. 7 Results of the analysis
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Fig. 8 Deformation and stress according to cutting force
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Table 3 Worm-Gear bearing loads

Force (kN) | Bearing A | Bearing B | Bearing C |Bearing D

Total radial|  2.48 8.28 0.07 0.321

Total thrust| 13.93 13.93 0.93 0.93

Table 4 Basic dynamic load ratings

N T 3 P
(70 1}35??2%%%) 48 2248 | 9.94
(70&???{%%}’4) 71.5 31 | 13.71
(70(])3262;12%)%%) 5.8 1.01 | 0.44
(HRB3eza(;glng?P5) 27.4 326 | 1.44

Requried bearing life: Min. 5,000 (hr)

Fig. 9 Model of the double enveloping worm gear

A: Static Structural
Bearing Load 4

Time 1.5
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Bearing B

Bearing D

[B Bearing Load: 2480.3 N
[BJ Force 3: 13929 N

B Force 4: 13929 N

[BJ Bearing Load 2: 82804 N
[B Force 5: 938.96 N

[Bl Bearing Load 3: 704 N
[B Force 5: 938.96 N

[H Bearing Load 4: 3216 N

Fig. 10 Model of the bearing
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A: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1
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Fig. 11 Results of the stress

Az Static Structural
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Fig. 12 Results of the deformation
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