Rotary Inverted Pendulum

The Quanser Rotary Inverted Pendulum consists of a flat arm, or hub, with a pivot at one end and a
metal shaft on the other end. The pivot-end can be mounted on top of the SRV02 load gear shaft
and fastened with screws. The actual pendulum link is fastened onto the metal shaft and the shaft
IS Instrumented with a sensor to measure its angle. The result is a horizontally rotating arm with a

pendulum at the end.

The student is challenged to apply the Euler-Lagrange equations to find the system equations of
motion, followed by their linearization and state-space representation. This experiment supports
studying and demonstrating both dynamic and static instability concepts and practices in control
engineering (controllability, companion matrix, pole placement, feedback control, swing-up control).

Equations of motion

(m, L2 +%mpL2p —%mpﬁp cos(ar)? + Jr)é—%mprLr Cos(a)d+%mpL2p sin(ar) c:os(a)e'oz+%mprLr sin(a)d’? =7 B 6

Z0 Pendulum )
1 3 1 o 1, L1 . | A Jpr Mp
=5 Mpbol cos(@)0 = (3, + 5 myLj)di = m, L sin(@) cos(e)” — S m,L g sin(r) = By .
T = 779K977mkt (;/m B ngmH) \ Yo . o> OICCW Lo/2
2 N
X = AX + Bu K [ ST
y:CX+ DU X= 9 y_ X2 8>0CCW Rotary arm |
_— a —_
0 0 -1 0
110 0 0 1 o .
A_I 0 ImlL3L,g ~(J,+im %)B, —im L LB, SpelelCaUOﬂS
0 imLg(J +m L imL LB J +m L°)B : :
0 2Mb 0 empb) LB (I mpL)B, Damping ratio: ¢=0.7
0 Natural frequency: w, = 4 rad/s
g1 A C:{l 00 0} D:m Maximum pendulum angle deflection: |a| < 15°
JmL+JJ +iJmL(J, +sm L 01 0O 0 -
pllpr Ty T Tl T Maximum control effort / voltage: V| <10V
| 4 e
Aqu%/%‘;ut‘ Amplifier — Single Channel Y4
e —1 S £
s | ’\."-\ ) o ' & Setpoint
B33 "¢ Y
e 1 2 i L"'{'ﬂ}
P Swing-Up wing-Up:
(\_-)1 4 " ON/OFE Up to Enable - tau (N.m)
Acceleration Factor for Swing-Up L P{swing on/off
1 —p{ 02 P{mu (g/J) EW |-
Constant mu (g/J) — . * —Pie
2 3 4 U= — KX Swing-Up Control SRV02-E+SIP-Quarc High-Gain Observer | Vi
oo dn @ @ G - : b X
K =[5.28 -30.13 2.65 —3.55] i
SRV02 ROTPEN Scopes

Applications

PoC: Prof. Oleg Yakimenko, Bu-223
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