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A Study on Kinematics and Dynamics of Robot Arms by Simulation
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Abstract

In this paper, it is attempted to derive the minimum torque as the optimal value on each joint,
which is applied during a PTP-motion in the range of working area of a supposed industrial
robot. The supposed industrial robot consits of 3-R joints prepared on three ]in/ks,

The optimizational analysis is performed by the formulation of a variational calculus process
due to Rayleigh-Ritz method. That is, the torques of the inverse dynamic problem on joints in a

arbitrary positions are computed by a generalized inertia matrix method.
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Fig. 1 Robot manipulator with three rotational links
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Table 1 Masses, lengths, and moments of inertia
of the manipulator.

Link 'm;[kg]! Li[m] l Jinlkg-m] | Ju[kg-m]

1 20 0.35 0. 9292 0. 2250
10 0.28 0. 2836 0. 0045
3 8 0.27 0. 1962 0. 0036

Table 2 Initial and final positions of robot manip-
ulator
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Table 3 The various starting points used to mini-
mize the objective function and the conv-
erging points

Starting points Converging points | Objective
T =0.1 sec T =0.987 sec 2819.19
Cu=0. C.1=0.026716

Ca=0. Ca:=—0. 012626

Cy=0. Cii=—0. 263192

T =0.5 sec T =0.987 sec 2819. 19
Cu=0. C11=0. 026663

C21:0. C21:—0. 01250

Ca=0. Ci:=—0. 263329

T =1.0 sec T =0.987 sec 2819.19
Cu=0. C1:=0. 026716

Cu=0. Ci=—0. 012636

Cau=0. Csi=—0. 263192

Table 4 Increasing term approximations at the
optimal traveling time 7=0, 987 second

Terms | Starting points |Converged pomts[ObleCth o
Cu 0. 0. 026716
1 Ca 0. —0.012636 2819. 19
Ci 0. —0. 263192
Cu . 0. 025227
Ci. 0. —0. 000460
Ca 0. -0, 013248
2 Cu O —0.007204 | 278594
Ca 0. —0. 246825
Cs: 0. —0. 009643
Cu 0. 0. 025862
Cr 0. —0. 000505
Cis 0. 0. 000196
Cn 0. —0. 013326
3 Cy: 0. —0. 0072733 | 2779.76
Cuy 0. —0. 001586
Ca 0. —0. 251610
C O —0. 008786
Cis 0. —0. 003635
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Fig. 2 Trapezoidal velocity motion in actuators

45 $33 uvzsigch e EY $EozdE:
Fig. 2048k o] n] £=d] o] 2% A2 a:%

T, (Trap. 1, Fig. 3)¢} a=%)T,(Trap. 2, Fig. )=
Z7 W3AA 7t A F 29 Ed FE: 2oz E v
Z sl ef.

Fig. 3~Fig. 5& =% =JEdelele F 249l
o Azl A AHAE GE 2ol F 29
4 Optimal & =7 H4d £5¢ € =19 A4
oli, = Trap. 13 Trap. 2% <Az A=5 7
o gEelth, 2UE 13 264 sy

z27)0 A AAF] F7F B2 FaF F T F
O
<

~90.5°743] XA F Fbehe AL v Fn gleh
o]AE 2714 A4 BE Ho] A4 ZeHMEEE
o FYUE e 50 BT F4F LT A 6 A4
e} (Fig. 5).

Fig. 6~Fig. 82 & Z< £ A 7o) o3l
ea2f Mgk Aozq AHEY F
Ed] 2FIE 27 3T TF EoIvt

Y
Wy
B

50

[§]

—— Optimal
——~ Trap. 1
—-— Trap. 2

Fig. 3

05 1.10 ffsec]

Angular displacements in the joint 1

¢'2 [de g]

Fig. 4

204

~-20

?, [deg]

-40

-80

100k

o5 10 tlsed

—-— Optimal
-=—~Trap. 1
—-— Trap. 2

Angular displacements in the joint 2

__Optiwal
—--Trap. 1
—-—Trap. 2

Fig. 5 Augular displacements in the joint 3



616

4% - 494

60F —Optimal
-==Trap. !
—-—Trap. 2 ,/,
40 !
E ;r/
g 20 /}
g R
20—
//'I
-40F
Fig. 6 Drivng torques in the joint 1
a0k —— .ptimal
—=~Trap. !
b —-— Trap. 2
zob i
L
\\\ 05 10 tiseq)
_ 2ok
E
= -aop
g
5
= -5o
_eok
100+
-120-
-140
Fig. 7 Driving torques in the joint 2
40."\‘ —— Optimal
! === Trap. 1
30_\{"_ "~ Trap. 2

-2ck

Fig. 8

Driving torques in the joint 3

- FA - AHE

ol Beele A7hE 2545 A8 23k,
A Y TF 23 274 7E 2ead T
A Stz Azl AR Wt FUhste AL ¢
o 28z 29E 1448 FF 2eak vy
Z 29 39 &5 HE 7b wol
FEoz Yoz g 28 3914 Aty
vl mgk At A% 2eay Wl gl
1t} (Fig. 6). 2ol= 29 7% 2o3x
d3Fe] BE B4 H o]} Coriolis Hol] £
tedtn e Aice] By $59 3Asl
Eekg ZE AL ¢ Y- Fig
Z27]dl = Trap. 1,20 ¥3d +5
&) zro] Asgteo}, zglE 3o] —90.5°C 7=
A F JMEEst FA43] SRR 0.2 sec o] 4
+ Trap. 1,2¢) vl sl & 3% 2= (Fig. 8).

oF

2L

30, ot 3O

-
T
P2e

pth

o
ot
hy

of do il dr
Ao oS
=2
N 2
£ ry 4
go

=
Ho =,

off |z

Ny
2
o
>
2
N

fin
o
H

5. 2 E
£ d7dlAEs F4Y FTH2A dstg A2 W3
A4 gz 23 dUEdelst 2 9o a4 5

Al % ol FE o 2 2= A $F H4L A
et o] A A +F A4 EAE HEYY F
= RayleighRitz 94 & o435t & Tshgd=h
d4 2E Bkl 2R 2 $£F 54 FAY n
ForAL At BY $5L HEEY FdLoz g
e T oz Wil 2T, 29 27 9 HE
AZ A TF 2oz Fx =4 Ik zEv za
ES 34 £F #4424 A=A FF R
¢ Folm, FY FU4Y TF 2oz 9

348 Aasge
T g 23
A4 b5,

|

& e BEMNEHE 1983 FE FoIkEEE
o 3t o) FolFom oAue Fale] WA LolA

Bt 2 e
o E

(1) A. Kumar, and K.J. Waldron, “Numerical Plo-
tting of Surfaces of Positioning Accuracy of



()

3

4)

)

(6)

22X Y EH e F¢ 4T

Manipulators”, Mechanism and Machine Theory,
Vol.16, No.4, P.0O, 1981

R. Featherstone, “Position and Velocity Trans-
formations between Robot End-Effector Coordin-
ates and Joint Angles”, Int. J. of Robotics Res-
earch, Vol.2, No, 2, P.O, 1983

J.L. Turney, T.N. Mudge, and C.S.G. Lee,
“Connection between Formulation of Robot Arm
Dynamics with Applications to Simulations and
Controls”, College of Engineering, The Univ. of
Michigan, Ann Arbor, Michigan, RSD-TR-4-82,
1982

G.R. Pennock, and A.T. Yang, “Dynamic Ana-
lysis of a Multi-Rigid Body Open-Chain System?,
Trans. of ASME, J. of Mechanisms, Transm-
ission, and Automation in Design, Vol, 105, P.Q,
1983

J.M. Hollerbach, and G Sahar, “Wrist-Partiti-
oned, Inverse Kinematic Accelerations and Ma-
nipulator Dynamics”, Int. J. of Robotics Rese-
arch, Vol.2, No,4, P.O, 1983

M. Vukobratovic, and V. Cvetkovic, “Contrib-

7N

(8)

9

(10)

11

617

ution to Controlling Non-Redundant Manipulat-
ors”, Mechanisms and Machine Theory, Vol. 16,
P.O, 1981

J.Y.S, Luh, and CS. Lin, “Optimum Path
Planning for Mechanical Manipulators”, Trans.
of the ASME, J. of Dynamic System, Measur-
ements, and Control, Vol, 102, P.0O, 1981

M.E. Kahn, and B. Roth, “The Near-Minimum
Time Control of Open-Loop Articulated Kinem-
atic Chains”, Trans. of the ASME, ]. of Dyn-
amic System, Measurements, and Control, 1971
M. Vukobratovic, and M. Kircanski, “A Method
for Optimal Synthesis of Manipulator Robot
Trajectories”, Trans. of the ASME, J. of Dyn-
namic System, Measurements, and Control, Vol.
104, P.O, 1982

D.M. Himmelblau, Applied Nonlinear Progra-
mming, McGraw-Hill, 1972

S.S. Mahil, “On the Application of Lagrange’s
Method to the Description of Dynamic Systems®,
1IEEE Trans. on System, Man, and Cyhernetics,
Vol, SMC-12, No.6, P.O, 1982



