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(@) Flexible simulating parts of machine beds.
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(b)
(‘'b) Rigid simulating parts of machine beds.

1
Fig. 1 Simulating parts of machine beds.

1. Heater 2. Heat — insulating support 3. Junction
box of transformer 4. Heat— insulating plate 5. Sim-
ulating part of machine bed 6. Table of milling ma
chine
2
Fig.2 Sketch of the experimental equipment.
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1-1
Table 1- 1 T emperature differences of upper and lower surfaces of flexible

machine bed s simulating parts and data of thermal deformation

1- 1 1 2- 3 2
Simulating M easuring ) Simulating Measuring .
Measuring Measuring
value of value of A value of value of A
Error (% ) value of Error( %) value of
temperature temperature temperature temperature
i} . deformation/Hm i} . deformation/ Bm
difference/ 'C difference/ 'C difference/ 'C difference/ 'C
1 0.27 0.3 10.0 0 0.37 0.4 7.5 0
2 0. 67 0.8 16.3 0 0.73 0.8 8.8 0
3 1. 16 1.4 17.1 0 1.24 1.5 17.3 0
4 1. 27 1.6 20.6 0 1.75 1.8 2.8 0
5 1. 39 1.7 18.2 0 1.83 1.8 1.7 1.7
6 1. 62 2.0 19.0 0 2.20 2.1 4.8 3.3
-2
Table 1- 2 T emperature differences of upper and lower surfaces of flexible
machine bed s simulating parts and data of t hermal deformation
3-3 3 4-4 4
Simulating M easuring Simulating M easuring
A A M easuring ) A M easuring
value of value of value of value of
Error( %) value of Error(%) value of
temperature temperature temperature temperature
. § deformation/ Hm i § deformation/Hm
difference/ ‘C difference/ 'C difference/ ‘C difference/ ‘C
1 0.40 0.4 0.0 0 0. 41 0.5 18 0
2 0.81 0.9 10 0 0. 82 1.0 18 0
3 1.38 1.5 8.0 0 1. 40 1.7 15.3 0
4 1.94 1.9 2.1 0 1.97 2.1 6.2 0
5 2.00 2.0 0.0 2.0 2. 10 2.2 4.5 2.3
6 2.43 2.3 5.6 4.0 2. 46 2.4 2.5 5.3
2-1
Table 2— 1 Temperature differences of upper and lower surfaces of rigid
machine bed s simulating part and data of thermal deformation
-1 1 2-7 2
Simulating M easuring ) Simulating M easuring )
M easuring M easuring
value of value of value of value of
Error( %) value of Error(%) value of
temperature temperature temperature temperature
. § deformation/ Hm § ) § deformation/Hm
difference/ ‘C difference/ 'C difference/ C difference/ 'C
1 0.18 0.2 10 0 0. 34 0.3 13.3 0
2 0.33 0.4 17.5 0 0.43 0.4 7.5 0
3 0.42 0.5 16.0 0 0. 69 0.7 1.4 2.0
4 0.49 0.6 18.3 0 0. 84 0.7 20.0 5.3
5 0.63 0.7 10.0 0 0. 92 0.8 15.0 7.3
6 1.20 1.3 7.7 0 1. 38 1.4 1.4 11.0
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2-2
Table 2— 2 Temperature differences of upper and lower surfaces of rigid

machine bed s simulating part and data of thermal deformation

3-3 3 4-4 4
Simulating M easuring ) Simulating M easuring )
) M easuring ) Measuring
value of value of value of value of
Error( %) value of Error(%) value of
temperature temperature temperature temperature
. i} deformation/ Hm § i} deformation/Hm
difference/ 'C difference/ C difference/ ‘C difference/ 'C
1 0.38 0.4 5.0 0 0. 39 0.4 2.5 0
2 0.46 0.4 15 0 0. 47 0.5 6.0 0
3 0.75 0.7 7.1 2.3 0.76 0.8 5.0 4.3
4 0.92 0.9 2.2 9.7 0.93 0.9 3.3 10.3
5 1.00 0.9 11.1 12.0 1. 01 1.1 8.2 16.3
6 1.50 1.4 7.1 13.3 1. 52 1.6 5.0 17.0
1 2 ) ,
2 o 2
1 ) ,
2.27TC
) 2. 3Hm; 4 2= 7%
2.2C
2 2 ( 1)
2.2°7C, .
2-12-2
; (2)
0‘ 8 DC ” ”
4. 3Um, :
0.8C , ,
0.8C, (3) ,
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Applied investigation on the effects of bending stiffness of machine bed’ s simulating
parts on its thermal geometrical precision

YAN Zhan hui', YU Jun yi, ZENG Fu_sheng®, CAO Yi’

( 1. Department o Mechanical E ngineering,
Changchun Institute of Technology, Changchun 130012, China;
2. Mechanical School o Jilin University, Changchun 130025, China;
3. Jilin Academy o Mechanics and Electronics, Changchun 130012, China)

Abstract: In this paper, thermal analysis is narrated for two kinds of machine beds’ simulating parts whose
bending stiffnesses are not obviously equal under the condition of the thermal source similar to the environ-
mental temperature or frictional heat. 3— D thermal conduction characteristics are discussed, and corre-
sponding functional ex pression is also deduced. Moreover, tem perature field distribution values are calculat-
ed by FEM program. T he results show that they are near to the ex perimental values. Comparing machine
beds’ simulating parts of small bending stiffness with those of large bending stiffness, the experimental re-
sultsshow that the former one s thermal geometrical precision is obviously better than the latter one s.
T herefore, in order to improve the structures of machine beds , for the first time , this paper puts forward
the idea that the gravity deformation of the simulating parts of machine beds can automatically compensate
the thermal deformation caused by variable environmental temperature or frictional heat by means of proper
ly decreasing the curving stiffness of the simulating parts and eliminating the bondage of other parts to the
deformation of the machine beds’ simulating parts. This principle provides a new method of eliminating ba-

sically thermal deformation of large— scale and precision machine tools.

Key words: machine tools; machine beds’ simulating parts; bending stiffness; thermal geometrical preci-

sion; heat deformation
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