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Optimization of CNC Grating Fixed System Based on Thermal
Deformation Critical Point Theory
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Abstract ;In order to study the interaction between the thermal deformation error caused by the thermal error of machine
tool, and by using thermal deformation critical point theory, the finite element numerical simulation of the thermal
deformation was carried out under the effect of variable ambient temperature. The thermal deformation of the machine
was calculated. The fixed manner of the grating on the machine was optimized by using the finite element analysis to
obtain the thermal deformation critical point. The results show that zero drift value of grating system reduces from
0. 138 28 mm to 0. 065 50 mm, and the thermal deformation of the machine base has not an impact on the overall grating
measurement system. Meanwhile with the application of thermal deformation form theory,the precise modeling of zero
thermal error and indication position error of the grating measurement systems was rebuilt for subsequent comprehensive
error compensation of CNC machine. It provides a new method to optimize the grating fixed manner on the machine base.
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Figure 1  Entity model of frame
and grating system
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Table 1 ~ Material parameters of frame and grating ruler
W <1070/ IR SR paS =
FrE . oo, dnRle 0o
(kg *mm™) x107°/K H/MPa (W-:mm™ -K™)
IRk 7.20 1.100 0.280 11 000 52.00
WomBiEs 2.50 0.015 0.243 9 030 1.46
BE4E 2.77 2.300 0.330 7 100 237.00
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Figure 2 Thermal deformation of frame

3 EAMMERZEEMMK
3.1 EMREEREMLN

I o [ A 28 48 32 20 R ET (A1 3 (a)
HET Sk BT ) JE DG 2 28 ¢ [ 7 B HLAR HIL A
T b I E Ty A LR RS T a5 [ 5 SR T A i
ZCHIN G R G, 5 CHII A R 587 Az B A
IR IR 22 R E PR 22 | [R5 | H Al L) 2 22 OF
P A R AR

T IR AR A R 2 2R B R RE Y
HLAERAS TG SR, X M R G e AL A [
T A ATkt . ki el By 1 E J7 2, I R g R
ot — M MRET BIVRT ] AR e L, anfEl 3 (b) #i Sk B
7 SESEHIRUE E FEALEE B PR TE i 5 s AL

(a) — AR E Jr X

(b) B R AT

B3 AWMREZLE
Figure 3 Fixed position
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Figure 4 Thermal deformation of grating
ruler in different fixed methods
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Figure 5 Established error model along with x direction
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