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Energy control for parallel-type double inverted pendulums with
restricted cart rail length

WU Yu-qiang’, ZHU Cheng-long
(Institute of Automation, Qufu Normal University, Rizhao Shandong 276826, China)

Abstract: The Newton-Euler approach is used to build the mathematical model of a parallel-type double inverted
pendulums system (PDIPS). A new swinging up controller is proposed for the PDIPS with restricted cart rail length by
making use of energy-based control ideal and direct Lyapunov function method. The designed controller guarantees that
the speed of the cart converges to zero even in the presence of the restriction on the rail length, and the energy of the inverted
pendulums is zero when the pendulums is in vertical position. Moreover, the swing angles of the PDIP can be regulated
to their steady-state values, respectively. Based on the controller design for PDIPS, the swinging controller development
for the triple pendulums is summarized briefly. In addition, the proposed controller is convenient for implementing and
adjusting designed parameters. Simulation results show that the proposed control method can achieve satisfactory control
performance in terms of working efficiency and robustness with respect to disturbances.
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Fig. 1 The parallel-type double inverted pendulums
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Fig. 2 Force analysis of the cart and pendulums
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Fig. 3 The parallel-type triple inverted pendulums system
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Fig. 4 The hybrid-type triple inverted pendulums system

4 {FEKE(Simulation)

Ay B UIEF T2 0 ROk, S EUODUE I S 50
my = 0.2kg, ms =0.4kg, [y =0.2m, [, =0.4m,
g=9.81 N/kg. ATRAIE ik 2 ot 2 5 w1 15 & i
Fy R 4 4. SEBRAIZS (64, 01, 02, 05, &, ) = (0.997,
0,1.057,0,0,0), ¥ #l ¥4 & B Kk, = 0.3, ke = 13.
XENF L ESH, TR R G H L.

AP BOAUE BITHE 14 I S m o S MR NP sh
&R, TR HI R G E JF 10~ 125 AN N IE X %
AT AU(t) = 0.7 sin(6t), 7 FAG FH
R RBAE, X HAT IR RGE AT HEN LG E. 1
HAE R P58,

WS ELIE T, b P S il N\ e A3 & /b
ZE TR B o B I TR) AR Ak th 2 1 6, W] LU /N
FE PRSI B R, W2 T ENPUEKER RIX—E
Br TAERBE B SR; B7TR R IHATIIE R A REER
B, AEFTROHE RIS E AT, TR E B, B WSk
B, ARG A B B H A A B AR
2 £ B S ) (19 22 4k A 0 T 8, 42 10, e S E0, 42
F0 BN 2m. SEIL T HAT VIR RFEAEZE KT RZIR
TRFERAR E RS, LI T B B AR B RSk E
JEII10~12 s[a), ZEAMBBAAu(t) FITHT, BARR
GURSE WSS T R U, (B7E 5 588 Bk 30
AT PO EE R B AR, AR R, Frigkit
(I A LE B AN TR 0L, 53R Aetg st
PEEH BAr, B —EWEEprTiiee.

15

10 -
5 H
3 0-\/‘\/ Ny
-5
-10 -
_15 1 1 1 1
5 10 15 20 25
t/s

B 5 AT RIRRGRIE A Y
Fig. 5 The PDIPS control input u
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Fig. 8 The angles of the PDIPS two pendulums 61, 62
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5 45 (Conclusions)
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