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Kinematic Manipulability Analysis of the Casing Oscillator
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Abstract

In this paper, input-output velocity and force transmission characteristics of the Casing Oscillator which is
a construction machine with 4 degrees of freedom are examined. After the Jacobian matrix is decomposed
into the linear part and angular part, the velocity and force transmission characteristics for the linear and
angular workspace are easily analyzed and visualized even if the Casing Oscillator has the spatial dimensional
workspace with 4 DOF. Regarding the manipulability measure of the Casing Oscillator, the kinematic
isotropic index and the manipulability measure which represent the isotropy and volume of the manipulability
ellipsoid, respectively, are combined to coincidently consider them with respect to equivalent ranges and
fluctuations. A performance of the Casing Oscillator is evaluated by the newly proposed manipulability

measures.
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Table 1 Manipulability measures (o, > o, >0,)

Manipulability w,=0,0,-0,
Elliptical degree w.=0,/0,
Geometry average w,=(0,-0,-0,)"
Resolution w,=1/0,
Elliptical degree with volume | w, =w, - w,
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Fig.2 Kinematic mdel of casing oscillator
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Table 2 Design parameters of casing oscillator

Actuator MI;:.ngt h Limit (mlch
1 673.3 773.3
1 417.5 5425
1, 417.5 542.5
1 673.3 773.3
1 487.5 6122
Joint Limit of Moving Angle
b,, b,, b,, b, +20°
B,, B,, B, +20°
Upper Platform Length (mm)
250
Bottom Platform Length (mm)
R 250
A 1160
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Fig. 3 Motions of casing oscillator
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Table 3 Ellipsoid volumes and kinematic isotropic indices for manipulability measures
Mev Oy
Min. Max. IR Min. Max. IR
Translational =0 176.7765 182.7726 0.0334 88.38835 91.38631 0.0334
velocity p=0 176.7765 179.3213 0.0143 88.38835 89.66065 0.0143
Rotational o=0 0.05503 0.05535 0.0058 0.46687 0.48239 0.0327
velocity 9=0 0.21025 0.23471 0.1099 0.41705 0.48690 0.1545
Force =0 0.02866 0.02886 0.0070 0.01433 0.01443 0.0070
=0 0.02876 0.02890 0.0049 0.01438 0.01445 0.0049
Moment 9=0 1.93263 1.99150 0.0300 0.56674 0.61538 0.0823
p=0 1.90591 2.14460 0.1179 0.53624 0.61538 0.1374




912 7

&
ol dalx Bajste) 2ed 2AAE o
Ches ol 4 Al 244 ASE 22

4
o-'-"F-u
LrEOM

M, =I1(J; )-0,(J7) (4)
M, =11(J; )-04(J) @é3)
M =I1(J; )-0,(J;) (46)
M, =11(J,) 0,(J}) @n

A7 M, M,, M., M, 27 JALE

A5E, § 22ln TAsd g 234 AE
vehdic},
7. #Hol4 2AolE{ TEA 54

o] & AANE 2AY AFE ol&dld Aol
3 A43dolEHe =343 A4 335t o&
upgto 2 Aol oalyolest Boh A& 7
€ 8 5 e 27 Y AAd d@d JAE
A A ge}.

Table 3 2 Zt7}e] 2343 A& 47 A¢ A
A Adg el =34 e AHx FHA
A9 A, 24 BAFEY B Fg-FHx
e Hogkol dig A% F(imegularity: IR)0] 50
Aok o2& Z Hdvig ¥ J& ny3

o £%-8 715X PHo| v F Lo d3
A ozt

W, = diag(100,125,125,100) (mm/s) (48)
W, =diag(100,125,125,100) (X 10° N) (49)

M Mev % o, = AT 234 A FAEA,
g4 &2 4 g, RAE F7hol ds A
te @2 AT B3 ¥R SE% g =234
(M, ,MI)EH Y FEL O AS vjs of ¢
AAY &2 % HA =, o ?1101
olel7} 3 A= HAFHT |
aai 7t7) e A4 4%‘%{%
299 5 U oA i,
7c'>'-r 3 /H9] Ho]A(singular value)E©l
AQE SolA9 A2 ¥ 2o JolAul,
7\1/\117}_4 o_,_ _,o]z]7} 1 7]]““0]1:!; za}/ﬁ
el o] A Ho] shte FolAE HEFI] wjFol
o E@ WEFY A9 42 e 234 ¥l
A e 0.5~15.4% AEQ 2 o] it o
A 42 A% 23y A4 B2 99
2 o8 Hd9 ¥5EE 35 Mev 9} o‘,(,%" o
=3 F3t9 o 7j&9 1&}“ AgE 717
J B¢ 244 JRE FU B FAS I}
AW, £@ A2t 2iFo AT 249 9

S Jl—)

>
=

l’l(‘

ox

ﬂ-’

o — M to

.&%
LA E

2NN 19
N

N

fu to o ol

(b) Rotational velocity manipulability measures at ¢ =0
Fig. 4 Rotational manipulability measures

(b) Translational velocity manipulability measure at ¢ = 0"

Fig. 5 Translational manipulability measures
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(b) Moment manipulability measure at ¢ =0°

Fig. 6 Moment manipulability measures
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(b) Force manipulability measure at @ =0°

Fig. 7 Force manipulability measures
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