EE3510 Chapter 9	105060012 Yu-Sung Chang
(E9.1) A system has the loop transfer function

Plot the Bode diagram. Show that the phase margin is approximately 17.5° and that the gain margin is approximately 26.2 dB.
Ans.
[image: ]

(P9.2) Sketch the Nyquist plots of the following loop transfer functions L(s) = Gc(s)G(s), and determine whether the system is stable by applying the Nyquist criterion:
(a) 
(b) 
If the system is stable, find the maximum value for K by determining the point where the Nyquist plot crosses the w-axis.
Ans.
(a) 
· To determine the real axis crossing, we let 
 or 
· Then, 
· So, -K/6 > -1 for stability. Thus K < 6 for a stable system.
(b) 
· The polar plot never encircles the -1 point, so the system is stable for all gains K (See Figure 10 in Table 9.6 in Dorf & Bishop).

(P9.4) The Nyquist plot of a conditionally stable system is shown in Figure P9.4 for a specific gain K.
(a) Determine whether the system is stable and find the number of roots (if any) in the right-hand s-plane. The system has no poles of Gc(s)G(s) in the right half-plane.
(b) Determine whether the system is stable if the -1 point lies at the dot on the axis.
[image: ]
Ans.
(a) P = 0, N = 2, therefore Z = 2. The system has two roots in the right-hand s-plane.
(b) In this case, N = +1 − 1 = 0, so Z = 0. Therefore, the system is stable.
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E9.1 The Bode plot for the transfer function Ge(s)G(s) is shown in Figure E9.1,
where
2(1 + 5/10)
s(1+5s)(1+5/9+s2/81)

Gols)Gls) =

The gain and phase margins are

G.M.=262dBand P.M.=175".
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FIGURE E9.1
Bode Diagram for Ge(s)G(s) = Wiw“;%/,;%m
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(GE2)
1 the system is stable. find the maximum value for K
by determining the point where the Nyquist plot
crosses the u-axis.

P93 (a) Find a suitable contour T, in the s-plane that can
be used to determine whether all roots of the charac-
teristic equation have damping ratios greater than ¢,
(b) Find a suitable contour T, in the s-plane that can
be used to determine whether all the roots of the char-
acteritic equation have real parts less than 5 = —0.
(¢) Using the contour of part (b) and Cauchy’s theo-
rem, determine whether the following characteristic
equation has roots with real parts less than s = ~1:

4(s) = + 1152 + 565 + 96.

P94 The Nyquist plot of a conditionally stable system is
shown in Figure P9.4 for a specific gain K. (a) Determine

- G.pGtjoplane
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system:
the system.

P96 Adirect-drive arm is an innovative mechanical arm in
which no reducers are used between motors and their
loads, Because the motor rotors are directly coupled to
the loads,the drive systems have no backlash, small fric-
tion, and high mechanical stiffness, which are all impor-
tant features for fast and accurate positioning and
dexterous handling using sophisticated torque control,

‘The goal of the MIT direct-drive arm project s to
achieve arm speeds of 10 m/s [15]. The arm has
torques of up to 660 N m (475 ft Ib). Feedback and a
set of position and velocity sensors are used with cach
‘motor. The frequency response of one joint of the arm
is shown in Figure P9.6(a). The two poles appear at 3.7
Hz and 68 Hz. Figure P9.6(b) shows the step response
with position and velocity fecdback used. The time
constant of the closed-loop system is 82 ms. Develop
the block diagram of the drive system and prove that
82 ms is a reasonable result

P9.7 A vertical takeoff (VTOL) aircraft i an inherently
unstable vehicle and requires an automatic stabiliza-
tion system. An attitude stabilization system for the
K-16B US. Army VTOL aircraft has been designed
and is shown in block diagram form in Figure P9.7
[16]. At 40 knots, the dynamics of the vehicle are
approximately represented by the transfer function
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FIGURE P.4  Nyquist plot of conditionally Gl = 5
stable system.
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