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Dynamic Equations of Robots and Sensitivity Analysis

Sung-Jae Song,* Jang-Moo Lee**

ABSTRACT

The inverse dynamic equations for 5 link robot including a closed chain have been derived.
The closed chain is virtually cut open, and the kinematics and dynamics of the virtual open

chain robot are analyzed. The constraints are applied to the virtually cut joints by the Jaco-
bian matrix which represents the conliguration of the closed chain. The topology of tree
structured open chain robot is described by a FATHER array. The FATHER array of a link
indicates the link that is connected in the direction of base link. Based on the inverse dynam-
ic equations, the torque sensitivity models of the 5 link robot have been developed. The sensi-
tivity models characterize the sensitivity of the driving torque with respect to the link para-
meters. All the procedures are illustrated through the 2 link robot.

Key Words : Inverse Dynamics(§E9®), Virtual CutHd d9), Constraint(74 #7), Lagrange
Formalism (B2 ¥4)), Jacobian Matrix (AF2¥|3F §4), Sensitivity Model (F==d)
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Fig. 1 2 link robot

+ a,my[a, + a, cos(q,)}d, - 2a,a,myG,4, sin(g,)
- a1a1mzq._§ sin(q,) ) ]
+ glaym; sin(q,) + aym; sin(q,) + a,m, sin(g, + g, )]

T, = aymy[a, + &, cos(q,)d; + amyd,
+ alazmzq-lz sin(g,) + ga,m, sin(g, + q,)

&)

2.3 TEZN4

s 2o 2EE FERUENN MFHE
Adsio Autdy T2z AdAGLW o MY A
ol Wy FE£EAYE AYde F A HEe] A
% AR Z, HaFA 4 (Lagrange multiplier) &
A whgP oz u$ ReAelm AA et} 2
v BadA s5e g 2 B Al 87H
o EAE, Add9de JEEE gas olfate
Hojt}, B mFdA AMEE o] dhyg iws] 4w
A vhgn 2ok @

PEer Avd EgrE 230 wie] 2UEE 7t
Av 2 F A7t FEEAE A4l diAEe 7
FEL 23 Zo] Yehd £ gk

9, z,
o} Bl
AW)AN ¢, € FEFE NME FERUE

(active joint)e Y¥rAFHEE (-m Aol 4,

' FEEUEY YHARYEHE nAdolt 1,9 T,

47 g, 4,9 Weshe FEE deolth 4y

o HYG9H2EY ERTR BRo] Z2 ¢FE € A

4% 4,9 5= 239 ¢ ik
q,=1,)

O

®)

107

8q=Woq (6)
[ 1)

a7M, W=|oq
9,

H@)AA Iz n-made dHPEoln
(94,/94,)& s¥zUed W FE2UEY A2
Higt o}, F Wk FERUES dg AH2Y
o] A PBelth, WE o 83lA el H4H
dA2Re $E2YEC AT FEEE TEAL
2 7% 3l

=Wz @]

AMeA e 4 AAIA=Ee TFRUE
f3ehe 75E0n = A4 et ez
®9 FEHolrt, Jlaes B <
@A FTE ol 4F WPRG Ate] ¥Y dsirh
JEv 4 3RS HAdde ddje HHAY
W& Teke A0 of¥r}

2.4 523 2%
Fig. 2o 593 239 #43 484 28)n EY
Tz 2¥o% ©E7 99 /Y FURAEE £A

st olo] w& FATHER WML Table 19] vieh
Weith Fig. 2914 5749 @3 340 4243 7}
A9 2YE 1, 2, 47} FERIECT 2UE 3,
57} 4gxECd, 7|4 Y AWdd Fxd
We 94 o 7,7,,7,,7,.7:% FAB A9
HE PP P22 SEHA A 7EEA §go
28E £B2QE9 WE SERIUEY ¥AZ FE
7 2o EAE % Ytk

{‘]3 =2x-q,+4, (8)

q4s =49, —4,

Table 1] FATHER array for 5 link robot
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Fig. 2 5 link robot including a closed chain
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Table 2 5 link robot parameters for sensitivity an-
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Fig. 5 Torque sensitivity of mass ms for 5 link robot
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