Bex0Oa 2/8

PI  perynarop Op3uHe (KOHTUHYaJIHU JOMEH )

P2.1

Cuctem Ha civnu Fig. 2.1 uma nnepuujy J= 0.01 kgm® n nponopruonas-
HO nojadame K, = 50 Nm/(rad/s). Kopucrehu Matlab komanny step(), on-
penuTH 0A3uB Op3UHE Ha M3Ja3y CUCTeMa Ha CKOKOBHUTY MPOMEHY MOMEH-
ta onrtepehewa 7;(f) = T pup A(f), where T;pp=1 Nm.

P2.2

[MocmaTpatn cucteM W3 MPETXOAHOT NMUTama. lIpermocraBpajyhu na je
T.(8) = Tramp t H(P), ka0 1 12 je o =0, OZIpeIUTH KOMIUIEKCHH JHUK 7;(S)
Kao ¥ KOHa4Hy BPEAHOCT Op3uHCKe rpemke A (o).

P2.3

Cucrtem Ha ciuiu Fig. 2.2 uma nponopuuoHaaIHO U MHTETPATHO M0javyame
y nupektHoj rpanu. [lo3naru cy mapamerpu K,,= 1 Nm/(rad/s), Kz=1, J
= 0.01 kgm®, K, = 0.1 Nm/(rad/s), K, = 0.03 Nm/(rad/s), u B = 0.001

Nm/(rad/s). Axo je nosuato Ty(8) = Tpapp t A1), 1 aK0 je @ = 0, oxpeauTH
KOMIUICKCHHU JIMK 7;(S) Ka0 U KOHAYHY BPEIHOCT Op3MHCKE rperike Aa o).

P2.4
3a cuctem y [12.3, onpenutu QpyHKIHMjy CIperHYTOT MpeHOCa, BEHE TOIO0-
BE U HyJIe, IPUPOJAHY YUECTAaHOCT (W, M PUTYIIEHe & TON0Ba.

P2.5(a)

3a cucreM Ha cimim Fig. 2.2, Koju ©Ma mojavarma y JUPEKTHOj TPaHH, U 3a
napamerpe pate y [12.3, ogpeantn QyHKIHMjy CHpPErHYTOr IpeHoca, HheHe
TI0JIOBE U HyJIe, IPHPOJHY YYECTaHOCT @, U MpUrylewme & MoJIoBa.
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P2.5(b)

3a cuctem Ha cmunm Fig. 2.7, xoju uMa NMpONOpLUHUOHANIHO AEjCTBO IUCIIO-
IIMPaHO y TOBpPAaTHY IpaHy, U 3a mapamerpe nare y [12.3, onpenutn ¢pyHK-
IIMjy CHOPETHYTOT IPEHOCA, ICHE MOJIOBE U HYJIE, IPHPOAHY YUECTaHOCT @,
U mpurymemne £ ToJIoBa.

P2.6

Kopucrehu ¢ynkuumje cnperaytor npenoca noéujene y 112.3 u [12.5, u xo-
puctehu Matlab komanny ste(), ynopeauTi THHAMUYKHA O3UB KOjH CE J10-
Ouja Ha m3naszy cucrema ca cimke Fig. 2.2 ca on3uBoM m3nasza cucreMa Ha
cmnm Fig. 2.7.

P2.7

Given the natural frequency of the closed-loop poles @, and their damping
& =1, determine the closed-loop bandwidth of the system considered in
S2.5. The bandwidth frequency £z, is calculated from the condition
| Wes(2ntyw)| = 1/5qrt(2).

P2.8

For the speed reference w (1) = A’ t, determine the speed error in the steady-
state operating conditions when 7; = 0. Consider the speed controller struc-
ture in Fig. 2.2, with the proportional action in the direct path, and the
structure in Fig. 2.7, with the proportional action repositioned in the feed-
back path.

P2.9

Consider the speed-controlled system with the control object transfer func-
tion Wys) = 1/Js and the speed controller Wy(s) = K, + K,/s+ K,/s". Prove
analytically that the system can be brought to instability by reducing the
feedback gains.

P2.10

Consider the previous example with /=1, K, =1, K, =2, and K, = 1. Use
the Matlab function roozs() to obtain the closed-loop poles. Now reduce the
gain K, and find the value Ky that represents the stability limit.

P2.11
Consider the previous example with /=1, K, = 1, K; = 2, and find the
maximum value K,y,x for the feedback gain K.

OG4DPP S. N. Vukosavic boban@ieee.org vukosavic.etf.bg.ac.yu



P2.12

The output speed of the system is controlled by the feedforward controller
given in Fig. 2.11. The driving torque is calculated from the inverse model
of the control object. If the load torque 7; and the parameters J and B are
known, the torque 7,,=Jdw'/dt + Bw" + T, is sufficient to maintain #)=
o (f). Provided that a(0) = (0), a properly tuned feedforward controller
has the potential to control the output speed without closing the feedback
loop. Investigate the transient response of the output speed in the cases
when B= B,;=0, J=J;= 1, and the load torque 7; differs from the esti-
mate 7, Hint: The Simulink model of the feedforward controller is con-
tained in the model file P2_72.mdl. In the model, it is necessary to set B =
B;=10, J= J; and to extend the simulation stop time to 400 units. Intro-
duce 7; = 0.1 and 7;,= 0, run the model, and observe the changes in the
output speed.

P2.13

Consider the speed-controlled system in Fig. 2.14, with the parallel feed-
forward and feedback control actions. Use the parameter setting defined in
P2.12. Investigate the impact of the load torque mismatch A7, = 7; - T;,=
0.1 in the cases with the feedback gains KP=1 and K7= 1. Hint: Use the
the Simulink model P2_73.mdl

P2.14
Repeat the previous test with K7= 0. Repeat the same test with both K7=0
and KP=0.
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