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Study on Dynamic Stiffness of Linear Motion Ball Guide

- Construction of Dynamic Simulation Applying Vibration Model to Load Distribution Theory -

Tatsuya IMAI and Shoji NOGUCHI

The purpose of this research is to elucidate the dynamic characteristics of linear motion ball guide (LMBG) and to

propose effective analysis methods. First, we will explain how to apply translational and rotating vibration models to

the load distribution theory, which is a static analysis method of LMBG. Next, we will introduce an example of

analysis of time history response and frequency response using LMBG dynamic simulation. In order to verify the

theory, we conducted an experiment to intentionally excite the vibration modes in three directions of vertical, rolling,

and pitching, and compared the theoretical value and the measured value for the natural frequency of each mode. We

also considered the effects of differences in the mass of the load and the preload amount of LMBG on the natural

frequency of each mode. It was confirmed that the theoretical values obtained by the LMBG dynamic simulation

showed the same tendency as the measured values, and were quantitatively almost the same.

Key words: linear motion ball guide, load distribution theory, dynamic simulation, impulse response test, time

history response, frequency response
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Fig.4 Theoretical stiffness diagram of LMBG #25
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Fig.5 Calculation example of time history and frequency response
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Table 1 Detailed specifications of LMBG for testing

xD, |LMBG Type #25 (THK)
Ball diameter D, mm | 3.969
%) O /D, |Ballpitch kD, mm | 4.200
=& </ |Carriage length mm | 88
Vel Q [ ) )
> rf Conformity factor /| 0.515
D, ball =45
¢ . Contact angle y; deg .2
— Dry condition — V3.4 =45
70
D,=3.969mm
60
g
= 50 3}\
o \
=1 \
§ 40 \\
8 30 \\
g R4
820 N
O \
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Ball diameter differences 4, um

Fig.6 Outline of zero clearance adjustment

Table 2 List of ball diameter differences

unit : pm
Carriage number 1 2 3
Zero clearance ball 1o -9.35 -8.68 -13.32
Built-in ball 2;’ -8.40 -5.50 -8.40
Oversize amount A = A; - Ao +0.95 +3.18 +4.92
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Fig.7 Measured vertical stiffness of LMBG for testing
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Fig.8 Outline of test scenery and measurement condition

Table 3 Position of impact point and measurement point

Impact point Measurement point
Mode test
X mm y mm X mm y mm
Vertical 0 0 0 25
Rolling 0 =75 0 25, 50, 75
Pitching =75 0 25, 50, 75 0
7
p Measurement point (x, y)
z 101Hz
% 5 .
E Rolling mode (0, 75)
4 -
8 338Hz
=3 .
% Pitching mode (75, 0)
iﬁ 2 F 919Hz
L Vertical mode (0, 25)
0
0 200 400 600 800 1000

Frequency Hz
Fig.9 Example of the result of each mode test
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Fig.10 Measurement point position and response peak value
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Fig.11 Comparison of theoretical and measured values for each mode
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Fig.14 Comparison of frequency response by lubrication conditions
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