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Robust control design for robots with uncertainty
and joint-flexibility

Myung-Chul Han*

ABSTRACT

An improved robust control law is proposed for uncertain rigid robots. The uncertainty is
nonlinear and (possibly fast) time- varying. Therefore, the uncertain factors such as imper-

fect modeling, friction, payload change, and external disturbances are all addressed. Based on

the possible bound of the uncertainty, the controller is constructed. For uncertain flexible-

joint robots, some feedback control terms are then added to the proposed robust control law in
order to stabilize the elastic vibrations at the joints. To show that the proposed control laws
are indeed applicable, the stability study based on Lyapunov.function, a singular perturbation

approach, and simulation results are presented.

Key Words : Robust control(F&#]]), Robot manipulators(@% iy Edie]s), Flexible-joint robot(f
APH=2EY), Singular perturbation (5014%)

.M E

g4 2% mEwolH e Ao G Fel s
glel Feof g2 Frl A 2R g el e T4
79 BT 2dge ojzfolth 1 Alad 54
< 4 EW, 2EEY dguEEe] @, npEd,
payloadd] ¥3, &3 F o7 T/ BFHGS X
gelAAEY olEE EEAES 1F AQAs] 4
A€ Chen,® Chen and Pandey,” Kang, " Rei-
thmeier and Leitmann, ® Shoureshi et al"® Sl

* o Rdste Aeir)AlEga, AANERTL

117

o8] AAHUAT, o5 g8 BFA AXE M
AR Aol7] A AMEHE HFA o (determinis-
tic contrcl) € o] AN, FF FAA Ao
717k A9 7 e 28449 Axr R4EHAY.
28 Axdle g2 Ao gmeEFo] Ay oj4dq W
7t 7344 24 (rigid model) ol A& Adso] g} 2
A, Sweet and Good™9] 484 A3 8 74
4 (Mexibility) o] ZHAHA %L AAgnFe A5
ol weh Alxglo] Eotge] ol@tte Aol YFHU
o olgA AgA HHd od Arjd #IHE 2R



Gk

9 A7) 4Ax Spong™,
Lozano and Brogliato”, Nicosia and Tomei® &
o 9] o|2Rez FHutA= g},

2 =RdME AR, 23 239 4X3EA S 9
§ AZE AAAATIE ALETh o Aod7le 2R
5T £ BALEY A2 Zel e A4
g oo §22 P29 o)t mwedA (skew sym-
metric) Hi= 42E o|&3te Aoz V|E AR
oo ddEF FHIE F 7)E9 AFA 7] 4
Al o] &5 = #YPB A (inverse) o THaE
(eigenvalue)® HoA% 9z, #AYPLY F=
(estimated value)ol W AgAT AAGC EA,
B34 fA7E 2R AMAIEN Y 2R
AdA 7o) & Fo] Hrtd EfA o7]7 At o]
Fael g AEE SEE JAFFA 7} HES
gt} o FUkA RF A Aol sdn. 59
+ad#d 289 A$9d Hol4d%F (singular pertur-
bation) HoWddl 93 dFH EXo] o] R,
o] Ae1719 HEdz 15 F9dd duEH e Al

Ghorbel and Spong,

® =

=

=

2ol Saoe o|2d A%E AL BT,
2. NAH SEWHA U oH4

dvtzle s n FA 2E oyEele e EHE4
< F Zo] fxd gt

M(q)q +C(g,9)q + 8(@) + f(g,9:1) = 7(1)

oA71A,
q:nx1FHAADE (vector of joint positions)
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Fig. 1 Single-link flexible-joint manipulator

Table 1 Simulation data for unknown parameters

Unknown Maximum  Minimum Real
parameters | value value value
I 5 10 7
Dgl 5 10 9
f(t) -1 1 sin(20t)
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