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Structural Design Improvement of a Large-Surface Micro-Grooving Machine
Based on a Finite Element Analysis
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Fig. 1 Schematic diagram of a large-surface micro-grooving
machine

Table 1 Specifications of the large-surface micro-grooving machine

Dimensions 427(1,000x800)

Guideway Hydrostatic guideway

X-axis Motor Coreless linear motor with 900 mm stroke
Feedback Laser scale with 10 nm resolution
Feedrate Max. 18 m/min
Guideway Hydrostatic guideway

Y-axis Motor Coreless linear motor with 1,320 mm stroke
Feedback Laser scale with 10 nm resolution
Feedrate Max. 9 m/min
Guideway Hydrostatic guideway

7-axis Motor Coreless linear motor with 116 mm stroke
Feedback Laser scale with 10 nm resolution
Feedrate Max. 3 m/min

Bearing Hydrostatic bearing

B-axis Motor Brushless DC servo motor

Feedback Encoder with £0.0001° resolution
Speed 10 rpm
Bearing Hydrostatic bearing

Ceaxis Motor Brushless DC servo motor

Feedback Encoder with £0.001° resolution
Speed 300 rpm
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Fig. 2 Structural deformation of the original model of the large-
surface micro-grooving machine
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Fig. 3 Displacement errors of the tool post due to X-axis, Y-axis and
Z-axis movement of the original model

Table 2 Displacement error of the tool post due to X-axis, Y-axis
and Z-axis movement of the original model

Fig. 5 Structural deformation of the improved model of the large-
surface micro-grooving machine
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Fig. 6 Displacement errors of the tool post due to X-axis, Y-axis
and Z-axis movement of the improved model

Table 3 Displacement errors of the tool post due to X-axis, Y-axis
and Z-axis movement of the improved model

o

Displacement error (um) Displacement error (um)

Movement X-axis Y-axis Z-axis Movement X-axis Y-axis Z-axis
X-axis -2.478 ~ 2.502 82.305 ~82.426 | -122.933 ~-120.697 X-axis -0.705 ~ 0.809 28.761 ~ 31.558 14817 ~17.014
Y-axis 0.711~0.917 | 82.305~82.536 | -123.120 ~-122.311 Y-axis 1.101~1.119 | 30.601~31.885 16.433 ~ 17.474
Z-axis 0.916 ~ 1.382 69.173 ~93.212 | -122.930 ~ -114.211 Z-axis 0.631 ~1.001 28.572 ~ 31.557 16.009 ~ 17.588

9 o] Ao AAT}E 24.039 um=E vl =LA L}E}ML A, mm, Y& ©°]% HolE2 X7} -660, -330, 0, 330, 660 mm,
o] A A3 WFoZ SHol= HERe] A5G wa  LEal 2% o|d HolEo $]x7} 58, 0, 58 mmel 75l
at7] flalA Z5 ol EAle] Elo]Eol AA T eho]o] iﬁ«l el A 2 S skl A2 JHAd o] o]F Ho]
F = (hook)7} 7HEH-] A FAIHT 91.8 mm Frloll 91X o] SA7F T AaFe W A v g
s I

sshE Qo el

4. HA o|M O5Y Hale| M 2E a4y

WA E BT AwRe] W9 oA tg 2% of
s S HAastslr] AsA 25 olEAe] HeolEol A
23k 9olo] B o] T AE HUY3Z rERe A =
Aol A7 FE2 A AAE P sfolo] =
xo] F2 91R9) Ab5rel A% FAe AASE Aol 7
F wigAaAw, He Frdstel PE4 4 uEel &

= 7bEE-o A% SAET 125 mm dwel] AT
T2 AA KA AIFY 33 ARG rERe A% T4

Abol ] A= Fig. 40l A A ST

Fig. 5+ w2 wA 233 wile] /A Bddo] 7|E
ARl A& W 714 AFH FAE e YA o7l H
= T=E t&ﬁég HolFa3 gt} o] Afo 37 AdFo
xq, Y% 2 7% WY ox= 7h7F 0812, 32.811 2 17.014
umi e, 718 B A I AdFe] X5, ¥
= 7% W9 ¢z} _12} 0.635, -82.312 2 -123.107 pme] 2}
t @2 astH Fx A el AoHH T A
W a7t A 7‘*6“’ & St

T3 XF o]l% EHlol&e X7} -450, -225, 0, 225, 450

@ : mass center
@ : Counter balance weight hook

Fig. 4 Structural design improvement
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