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Kinematic Analysis of Multi Axis Shaking Table
for Multi-Purpose Test of Heavy Transport Vehicle

oo, M S
(Jaehyun Jin, HongCheoul Na?, and Seung-Bae Jeon®)
Sunchon National University
Chonnam National University
IKS

Abstract: An excitation table is commonly used for vibration and ride tests for parts or assemblies of automobiles, aircrafts, or other
heavy systems. The authors have analyzed several kinematic properties of an excitation table that is under development for heavy
transport vehicles. It consists of one table and 7 linear hydraulic actuators. The authors have performed mobility analysis, inverse
kinematics, forward kinematics, and singularity analysis. Especially, we have proposed a fast forward kinematic solution considering
the limited motion of the excitation table. On the assumption that the motion variables such as rotation angles and displacements are
small, the forward kinematic problem is converted to the observer problem of a linear system. This provides a fast solution. Also we
have verified that there are no singularity points in the working range by numerical analysis.

Keywords: multi axis shaking table, parallel mechanism, redundant actuator, fast forward kinematic solution, singularity check
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Fig. 1. Configuration of multi axis shaking table.
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Fig. 2. Definition of symbols and a coordinate system.

T 1 HolE ZE gX(HolE FFA, mm).
Table 1. Positions of joints in the upper table (P coordinate, mm).
P P1 P2 P3 P4 P5 P6 p7
X | -1400 | -1400 | 1400 | 1400 | 1400 | -1400 | -2800
Y | -800 | 800 | 800 | -800 | -1400 | -1400 0
Z | 900 | 900 | -900 | -900 0 0 0
E 2 AWl 3AE ZRJE SA(FE F32Al, mm).
Table 2. Positions of joints in the base (B coordinate, mm).
B Bl B2 B3 B4 B5 B6 B7
X | -1400 | -1400 | 1400 | 1400 | 1400 | -1400 | -4000
Y | -800 | 800 | 800 | -800 | -2600 | -2600 0
z 0 0 0 0 2100 | 2100 | 2100
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Fig. 3. Definition of link vectors.
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Fig. 4. Hydraulic actuator system for the MAST.
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Table 3. Results of numerical calculation.

NR - (8) (15)
Calculation time 100 19.2
Iteration(Max/Average) 4/2.87 5/3.64
mean/sd* mean/sd*
01 0.00594/0.05924 | -0.0127/0.0042
O 0.00641/0.05991 | -0.0097/0.0054
Os 0.00734/0.05996 | -0.0039/0.0048
Os 0.00686/0.06011 | -0.0070/0.0046
Os 0.00532/0.03492 | -0.0040/0.0076
Os 0.00546/0.03630 | -0.0187/0.0070
(o7 0.00487/0.02328 | -0.0363/0.0116

* mean(um)and standard deviation(um)
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Table 4. AIIowabIe lengths of independent movements.
No Link Allowable range (mm)
1 1,2 +14
2 3,4 +14
3 2,3 +50*
4 1,4 +50*
5 5 +35
6 6 +29
7 7 +50*

* limited by the maximally allowable stroke
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