MECE 3350U
Control Systems

Lecture 6

Block Diagram Models
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Outline of Lecture 6

By the end of today's lecture you should be able to

® Represent a control system using block diagrams
® Simply block diagrams

® Find the open-loop transfer function of a closed-loop system
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Applications

What the transfer function of the closed-loop system shown ?

controller actuator process
L OLd o - 4k 6 Y
4
H(s)
sensor
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Applications

The position control system for a spacecraft platform is governed by the
following equations:

I p(t) | dp(t)

=+ 2 +4p(t) = 0(t) r(t): desired position
dt dt p(t): current position
vi(t) = r(t) — p(t) vi(t): amplifier input voltage
do(t) v2(t): amplifier output voltage
dr 0.5v2(t) 6(t): motor shaft position

V2(t) = 8V1(t)

How can we represent the system using a block diagram ?
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Block diagrams

— Represent the relationship of a system variables graphically.

— Example: The relation between the input voltage and and the position of a

DC motor
Vin() o 0(s)
s(Js+b)(Ls+R)
inputs H (S) outputs
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Basic building elements

Transfer function

X G(s) Y Yis)= X6)66)
Gain
X Ia 7N = e XLs)
Sum
X M= 26)= X+Y
T
T 2K
T\/
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Block diagram of a DC motor

— Electric circuit characteristics

V()= (Rtls ) TG) + Vanls) @

Back EMF -/

— Back electromagnetic force voltage

Vin 5)= Kom Jus) ©)
S(}wd J Ko — wm:i&mt

V(s) = Vin(s)

V(s) = (R+ Ls)I(s) + w(s)km — I(s) = e
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Block diagram of a DC motor

— Mechanical characteristics

Te)-Tols) ~bRG) = Tsls)

)= T6)=Tals)

Jds +b

— Torque constant
TG6)= ki TG) @ gmlwgmgj
Lp vLOr?ve CO’I@?[CVWL “%é)

T(s) = (Js* + bs)0(s) + Ty — 0(s) = ’(22’(:‘% I(s)ki — Ty

— w(s) = s+ b
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Block diagram of a DC motor

V(s)— Vi
I(s) = (525+R(S)

Ts Ty(s
w(s) = T

T(s) = kil(s)
Vin(s) = kmw(s)

vis)

\

R0s)

SPEQ&,
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Block diagram of a DC motor

Ta(s)
load
V(s) I(s) l w(s) 1
o 1—O— 72 s

back EMF

Simulation with Matlab - Simulink

Evaluate the step response of the motor
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Basic operations

Combining blocks in cascade

A G(s) H(s) Y V= Ges) i) X(s)

S GG)Hls) ——

Moving a pickoff point ahead of a block

PSS TS a o H)
R B T
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Basic operations

aheal

Moving a summing point behlimd a block

Y X

V= X HG)+ 2 H{5)

behind

v = (xe2)H6)

Moving a summing point akead of a block

X

\/: XH’:s)‘fZ—

}/(s ) X

—— H(s) —ﬂ)—
7

—’Q—Y'

Z—| HG)

H)

I

)
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Eliminating a feedback loop

+7
X—’ H(s) X X—»#—Y»
T i{ Hes)
y= G o D

N[t Hb) [ = xHb)

S HE)
[+ H0s)
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Eliminating a feedback loop

X- ¥66)
X Y Y X vy Y
e H —_— —>
(s) 1766)H6)
. ey
? 7
G(s)

v = [}(\\/6[9)] HG)
¥+ Y6 HG) = X HG)

\/[M GEH) [ = X HG)

- HG)
= _ B8’ x(s)
\/ 1+ GBIHG)

MECE 3350 - C. Rossa

Lecture 6



Example 1

Find the open-loop transfer function of the closed-loop system shown.

controller actuator process
E Y
X . C(s) —— A(s) | G(s)
Z
H(s)

sensor

R

CG5) AG) GGs)
1+ #6)Cl5) A6)66)

vp@ﬁ Cls)AG) 6[@)

H6) <

) _ _ COIALIGE)

x6) 1+ Hs)CIAG) 66D

[, L)

%
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Example 2 - DC motor

load
Vi(s) D) % 1 w(s) 1 0(s)
? Ls+R > ” Js+b s
back EMF -

m)

If T =0, what is the transfer function 6(s)/V(s) ?

Ki
Vi) —(O— (¢5<R)(Js+4b) Y o _L)j
L@ / Bt \LstR)(Toeb) thekinn)S
//

(¢s<R)(Ts+ b )

- -

i.(, Kon K&
(Ls<R) s+ b)
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Example 2 - DC motor

Tu(s)

load
V(s) I(s) l w(s) 1 0(s)
? | R O 7o s
back EMF ol
0(s) ki
G(s) = = 1
)= V@) = S+ RUs +b) + kikal (1)
Sometimes the armature time constant 7, = L/R is negligible, thus
9(5) k,’ k,/(Rb+ K,'Km)
G(s) ~ = = 2
()~ Vo) = SRUs 7 b) T kiko] s(rs + 1) 2)
where 7 = %’é%
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Exercise 23

Find the transfer function Y(s)/R(s) of the system shown.

\ Hy(s)
R(s Y(s)
©) Ga(s) }—»@—{ Ga(s) }—Q——‘ Gs(s) ‘ Ga(s) kﬁ
’ Hi(s)
Hj(s) |‘

Procedure:
— Simply the block diagram

— Calculate the closed-loop transfer function
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Exercise 23 - continued

Hy(s)
(s) %(‘)——

Vv (s)
Gis(s) ‘ Ga(s) }74,

) G1(s) G
Hy(s)
Hj(s)
Hals)
\ Gyls)
i Gils) Gals) }—Qa‘ Gs(s) }—‘ Gils) k
’ Hi(s)
Hj(s) |‘
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Exercise 23 - continued

R(s) - o : o }_' ©5 Gy Y(s)
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Exercise 23 - continued

6,636y

~ Gyq 1- 6364 by
Hs(s) -
Ga(s)
N
Gs(5)Gas) )
Ga2(s) T=Gs () (5 I () "
/
Hj(s) |‘ \
/
G;, 65 GL{ Y(s)

i— 656<{ H’( ‘tH‘.z,G&GS
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Exercise 23 - continued

G1G2G3(s)Ga(s) Y(s)
1-G3(s)Ga(s) H1(s)+G2(5)G3(s) Ha(s)

H;(s)
L
_ Gi6absby
1 -6s64H +6265Ha :I>Y/$): 6:62 05 G‘( X[S)
| ¢ R, [6:026:G L= 636y Hy+ GG, Mo+ H3 6 G GGy
(i—@jGL{H‘*’GLGaH?. //
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Exercise 24

An active suspension system can be controlled by a sensor that looks ahead at
the road conditions. An example that can accommodate road bumps is shown
in the figure. Find the gain ki so that the vehicle does not bounce when the
desired deflection is R(s) = 0 and the disturbance is T(s).

disturbance

vehicle
dynamics

R(s) 11 Y(s)
—»@—O G(s) (

bounce

Procedure:
— Find the transfer function from T(s) to R(s)
— Set the bounce to zero (Y(s) = 0)

— Calculate k;
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Exercise 24 - continued
Sed Ris)=0, (7m0 bump)

\/(5) : [_ Tes) = TG) Kike — ym;«&] GGs) g o

Y15) +Y6)6E) Ky, = =T6)66) 1k ke |

NG6) = ~TE)6) [ 14 Kika |
L-( GCS) K-Z/

Neo bdmps —7 \/ZS) =0

—M’WS i—f KL Ky =O
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Exercise 25

The position control system for a spacecraft platform is governed by the
following equations:

2
dcz(zt) + 2d,;'(tt) +4p(t) = 0(t) r(t): desired posijci.on
p(t): current position
vi(t) = r(t) — p(t) vi(t): amplifier input voltage
do(t) v2(t): amplifier output voltage
dr 0.5v2(t) 6(t): motor shaft position

V2(t) = 8V1(t)

To do:
— Sketch a block diagram of the system

— Find the transfer function P(s)/R(s)
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Exercise 25 - continued

O (5% 25+ 4) P1e) =66)
@ b G) = RGs)~ Pl&)

6 o%)s =051
@ \/_z/&) = 8- VJ%)

W g

@@—D{éﬁ@ﬂ

Q%) l

g

1

S

SN

1
§%25¢4

0 &p(t) . ,dp(t)

dt? dt
@ w(t) = r(t) - p(2)
do(t) _
o = 0.5v»(t)

Vz(t) = 8V1(t)

Q (5)

+2——= +4p(t) =0(t)
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Exercise 25 - continued
T 5 8% 2s+4

. 4 4
R(s) S s%2s+Y

R05) 53+ 2% 4s <+ Y
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Exercise 26

Compute the transfer function Yi(s)/Rz(s). Hint: Using the principle of
superposition, set Ri(s) = 0.

Xe
" e Hi(s)
Ry(¢
O G O Gals) Ga(s) 1
\T/ Yi(s)
Gr(s) Gs(s) Gy(s)
(s Ya(s)
I?EE—l-’ Ga(s) G5(s) Go(s) -

1
L

Hs(s)

L1
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Exercise 26 - continued

ga /L/J-LO n-

\/) _ GL636‘1 6568 + 636%65 65 //
R 1+ 63l + GsHaot 63 Gs Hi e
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Exercise 26 - continued
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Exercise 27

Compute the transfer function Y2(s)/Ri(s). Hint: Using the principle of
superposition, set R»(s) = 0.

e
v
Vo ﬁ,o\vaé Hi(s)
e
Wt YR .
Iy Gi(s) B Go(s) Gs(s)
&J(\ y\' \r Yi(s)
‘(\
XN Ga(s) || Gs(s) Go(s)
(s Ya(s)
B | ) Gs(s) Gols) —

1
L

Hs(s)

L1
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Exercise 27 - continued

oY

e
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Exercise 27 - continued
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Exercise 28

Compute the transfer function Y(s)/R(s) for the idle-speed control system for
a fuel-injected engine as shown in the block diagram.

fuel gain

>0

pressure

R(s)

) speed command
air bypass

Hj(s) Gi(s)

dynamics

Gs(s)

Y(s)

engine
speed

manifold
spark gain

[\

Hi(s) 1
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Exercise 28 - continued

= KN%
: Ga \ G 3
Rs) >@\L\Qﬂt@
3
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Exercise 28 - continued

Rls) — 7@‘7@

HQ_/* KU| <

63
L+ 63 H| - K{g 63

a4

GL63 (KQKS* 6_?,>
1+ GyH - Ky 63
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Exercise 28 - continued

y6) _ 663 Ksko + 62) /
R65) Lt 63 (HiKe) + GG (KK +Ga) Ky ) (
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Exercise 29

Compute the transfer function Y(s)/U(s) for block diagram shown.

-
—~
)
—
® [=
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Exercise 29 - continued

e &) b —p_ards /
L+ K(O-HQC)(.LN> 5 “ds + K(atds)

MECE 3350 - C. Rossa



Next class...

® Steady state error
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