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5.3 Circuit 1
L .. .
(@ e=[R+LD+ C—D]l1 when S opens i,=0

(b) X =v, X, =1
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5.4 (a) Node d is the reference and let v,=v..
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(b) Use clockwise currents i; for abda, i, for bedb & i; for acba.

[R, +LDJi,—Ri,—LDi, =e
. 1. .
-Ri,+|R +R, +E i,—R,i,=0

— LDi, - Rji, +[R, + R, + LD}i; = 0

(¢) Let x,=i,x,=v.=e—v,,u=e(t) then v, =Lx,y=v, =e—x,
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5.6 (a) M,\D’x, = f(1)-Kx,— K,(x,—x,)= f(t)=(M,D* +K, + K,)x, — K,x,

M,D*x, =K,(x,—x,)— BDx, —K,x, = 0=(M,D* + BD+ K, + K,)x, — K,x,
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fm()[ §K] M, M, § L,
Kj’
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5.6 (¢) For f(1)=i(t),M =C,B=1/L, K =1/R L,

i)
2
(d) xa:(MzD +BD+K2+K3)xb
K2
f(t):(MD2+K +K)(M2D2+BD+K2+K3)
1 1 5

x, — K, x,

K,

K, f(t)= {]‘41]\42134 +MlBD3 + [MI(KZ +Ky)+M,y(K, + Kz)]D2 +(K,+K,)BD + (K, + K,)(K, + K3)}y _Kzzy
GivenM1=M2=] andK1 :Kg :K3 :K,

Kf () = {D* + BD* + 4KD* +2KBD+3K |y

K
G(D) = Y - 3 3 2 2
f(@®) D'+BD’+4KD"+2KBD+3K

(e) Let x, =x,,x, =X, %, =X, X, =X;,u= f(¢),y=x, =x,
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5.7 ()

M1D2x1 = f(¢t)— B,\Dx, — K\x, — B;D(x, — x,) — K;(x, — x,)

= f(t)=(M,D* +BD+B,D+K, +K,)x,—(B,D+K,)x,

M2D2x2 = B,D(x, —x,) + K;(x, — x,) — K,x, = B,D(x, — x3) = K, (x, — x3)
= 0=(M,D>+ B,D+B,D+K,+K,+K, Jx, —(B,D+K,)x, - (B,D+K,)x,

M D*x; = B,D(x, = x,) + K, (x, = x;)

= 0=(M,D*+B,D+K, v, ~(B,D + K,)x,

(d) Let x, =x,,X, =X,X, =X,,X; = X,,X; = X3, X, =X;,u = f(¢)
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5.8 (a) 3/f(¢t)=3(M,D’x, +2(K,x, + 2(BDx, + {M,D’x + /K (x, — x,)
Since x, =2x,,x, =3x,

30F(t)=9¢M,D’x, + 40K x, + 4(BDx, + (M ,D’x, + (K,(x, — x,)

M,D*x, =K,(x, —x,)

(b) Let x, =X, X, = X,,X; = X, X, = X5,u = f(¢)

0 1 0
K, +4K, 4B K,
M, +9M, M, +9M, M,+9M,
0 0 0
K 0 K
M3 M3
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5.9 (a)

Xy X2
[ S E—

By
u(t) =f(UC> M, M, u(t) C)

SN RN AN NN NN

()  (M,D’+BD+2K)x, —(BD+2K)x, =u,
—(B,D+2K))x, +(M,D* + BD+2K, + K,)x, =(B,D + K, )u,

(¢) Let u, =(B,D+K,)u, be the force exerted on the tires by the road. The outputs are y,;=x; and

Yo2=Xxo.

0 0 1 0 0 0
0 0 0 1 0 0 |
2K, 2K, B, B, 1 u, 1 0 0O
X=|""— — - — Ix+|— 0 | y= X
M, M, M, M, M, i, 0100
2K, 2K +K, B, B +B, 0 L
L M, M, M, M, J L M, .
(d) Solving the equation from part (b) with u,=0, yields:
X (B.D+2K,))(B,D+K,)
i, [MM,D*+(M,B+MB,+M,B,)D’+(2M K, + MK, + BB, +2M,K,)D* +
(BK,+2B,K,)D+2K/K,]

5.10 (a) [R+LDJi=e, Ki=Ff, xb:gxa:szfa%

M,D’x, =—K,x, — BDx, + f, = (M,D* + BD + K,)x, = f, :% .
Mlsza =—Kx,~f,+f= UV[lD2 +K)x, + [, =Ki= (MlDZ +K))x, - Ki=—F,
(M,D* + BD + K,)x, :% 1= —%[(MIDZ +K))x, - Ki]

K .
(M,D* + BD+K,)x, = —%{(MIDZ + Kl)%xb —Kiz} = %i —Z—Z(MlDz +K))x,
2 2
K,
(M, +%M1)sz,, + BDx, + (K, +%Kl)xb =i

LDi=—Ri+e,



5.10 (b) Let x, =x,,x, =x,X; =i, u=e
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—(BD+K))x, +[M,D* +(B,+ B))D+(K, +K,)]x, = f

y=[l 0 ok

(c) Let X, =X, X, =X,,X; =X, X, =X,,u = f ()
0 0 1 0 0]
0 0 0 1 0
ao| & K B B P [l 0 0 o
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K, K,+K, B B +B, —
- - M
L Mz Mz Mz Mz -2
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5.13
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(b)

o@® |4 | [HHEHE| 4 -
B> K

AN

T, =—(J,D* + B,D)0, + Bw T,=2T =(J,D* +K)6,
2T, =-2(J,D* + B,D)8, + 2B w=(J,D* + K)6,

-2(J,D* + B,D)26, +2Bw=(J,D* + K)#,

(J, +2J,)D’6, =2J,D°0, =—(4B,D + K)0, + 2Bw

0 1 0
x=|—K -2B, x+| B |
2, J, J,

(2J,D* +4B,D+K)6, =2Bw

6, _ 2B,
o 2J,D*+4B,D+K
I - I
T"() g i L= L= /5 g ()B
K, By B> K,

ARSI ANNNANNNANNANNNN

T,=(J,D’+BD+K, +K,)0, - K,0,

T,=(J,D*+B,D+K,+K,)0, - K,0,

(©) Let x, =6,x,=6,x,=6,x,=6,

0
K, +
Jl

0
K

1 0 0 0 0
5K 0 ool
J, J, J, T
X+
0 1 0 0 0|7
_KHK By LAY
JZ J2_ L JZ_



514 (a)
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K, [k,
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(b) J,D’6,=-BD(0-6,)-(K, +K,)0+T J,D*6, = B.D(6~6,)- B,D6,

(© Let x,=6,x,=6,x,=06,,x,=0,

0 1 0 0 o]
_K+K, B , B 1
L J, J, n
X = 0 0 1 0 X+ 01 T
0 B, _B+B
T 0
L 2 2 | - -
@  (J,D’+BD+K, +K,)6,~T = B,D6,
|7,D> + (B, + B,)D}p, = BDO,
7,0 +(B,+ B,)D]
0, =0,
BD
2
(J1D2+BID+K1+K2)[J2D +(BI+BZ)D]<92—T:B1D6’2

BD

(J,D* + BD+K, +K,)|[J,D* + (B, + B,)D]- (BDY
B.D

0,=T

Bl
" JJ,D +(J,B,+J,B, +J,B,)D* +(J,K, +J,K, + BB,)D+ (K, + K,)(B, +B,)

(93
T



515 J D6 =T, T,=(n,), L, L,=0,-J,D00, T,=(n,),,T,
T, =T —J,D’6, (n,),,=6,/6, (n,),,=6,/6,
J.D*6, = (n,),,((n,),,(T - J;D°6,) - J,D6,)
J,D*6, =(n,),,((n,);,(T ~(n,),,(n,);,J;0°0) ~(n,),,/,D’6,)
D6, = (n,),,((n,),(T ~(n,),,(n,);,J,0°) ~ (n,),,/,D’6,)

[Jl + (na)zll(na)z.,z']z + (na)22,1(na)23’2 J; ]Dzel = (na)2,l(na )3,2T

1
——J,+(n,),,J, +(n,),,(n,);,J; Dzel =T= Jeqa.) o= i
(na)Z,l (na)3,2 J‘-"{
System 1 System 2
(a)
1 1
Joy :ng +4J,+48J, Joy :ng +8J, +48J,
Jeq =52.02J, Jeq =56.02J,

System 1 accelerates faster due to a lower equivalent inertia.

(b)
1 1
J,, =—J;+4J, +48J J,, =—J; +8J, +48J
eq 48 1 2 3 eq 48 1 2 3
100 100
Jog = (g +160+48).3 = 210,085 Jog = (Cpg +320+48)J5 = 370,083

Again, System 1 accelerates faster due to a lower equivalent inertia.
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5.16

5.17

(@ T=(D’+BD)+rf (MD*> +B,D+K)x= f O =x

2
=D *BD) \ mD? + B.D+K)x
r
(b)
e (J + Mr*)D* + (B, + B,r*)D + Kr* N r
r T (J+Mr*)D*+(B,+B,r*)D+Kr’
(c) Let x, =x,x, =x,u=T

0 1 0
x=| K’  B+Briix+| r T
J + Mr? J + Mr* J + Mr*

(a) Let x1=6’3,x2:93,x3=92,y:93,u:T

0 1 0 0
io| K BB B ol y=[l 0 ok
J2 J2 ']2 i
. B _BtB| |7
L Jl Jl i

(b) Letx,=6,x,=6,x,=60,,x,=6,,y=0,,u=6,

0 0 0 0
K BB B ||
. J J J
X = 02 02 1 02 x+| o |6 y=[l 0 ok
B, K, B+B K,
] J, J, J, | L

11



518 x,=x,—x)= X, — X 1) X, is due to motion, xjand X} are due to X,
a+b a+b
Dy =Cx ?2) X, =y, = d 3)
Vi 1%2 3 =W crd N
Cad Cb
4Dy r "y, “
(a+b)c+d) a+b
.. . X7 X —Xx, X +x
From similar triangles: = Q)]
a a+b

v\’:}

51

The block diagram representation is: ¥ i C ¥,
— — >
a+b D
ad

@+b)c+d)

(b) If the load has mass and damping, the equation for piston motion is derived in Sec. 5.9. Starting with
Eq. (5.107) but using the symbols of this problem gives

VM | _, VB M ) B
D’y + +—((L+C)H|Dy,+|C,+—(L+C ) |Dy,=C 6
{KBC} A {KBC C( ,,)} N { b C( ,,)} v =C.x, (6)

Combining Eq. (6) and Eq (1) and (3) gives:

VM VB M B C ad Ch
— D’y +| ——+—(L+C ) |D*y, +|C, + =(L+C.) |Dy, + x = x
[KBC} ‘% [KBC cl ”)} ‘ {” ol ”)} < {(a+b)(c+d)}yl a+b ]
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5.19

0 1 0 0
x:i -5 < X+ 0 ju y=[1 0 O]X
M M M K,C.
0 -C,K, —-Ky(L+C) v
L 4 V _

5.20 Rewrite Eq. (5.116) in terms of pressure (or head), i.e., P(or #)=gR. Thus the pressure drop in the
pipes are P; =q;R;, P,=q>R,, and P;=q;r;. Since

P P
9, =9, +9, 1) P =q;R; = {Fl +_2}R3 (2)

1 2

The pressure at the junction of pipes 1 and 2 is P;. This pressure is equal to the liquid level in tanks 1 and
2 minus the pressure drop in pipes 1 and 2, respectively. Thus

h-R=P @& h-B=R @

Solving for P, and P, in terms of 4; and /4, yields:

R(R,+R RR RR R (R +R
R= ‘(ZR L, - R ®  h=-—Shy RER), ©)
Where R =RR, + R,R, + RR,
Using Eq. (5.116), the change in head in tank 1 when ¢, is larger than ¢, is
A A
Dh1:QA_%ZQA_E t)) for tank 2: thqu—qZ:qB—R— 9)
1 2

Using Egs. (5) and (6) in Egs. (8) and (9) yields the state equations

R +R,

. R +R R . R
h, :—{#}hl vtﬁh2 +q, 10) hy=—h, —{

R R }hz +q, (11)
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521 e=Rji,+LDi +e =Rji +LDi+K,DO, @

B
T=K,i, =JD*0,+BD6, (2 i = iDzem +—D86, A3)
T KT
L RJ+L,B RB+K,K
e _LJ D6, +—aJJr D@ +——t T TRy D6, @)
T T T

5.22  (a) The basic equation of the system is of the form 7" =J@ . All of the torques in the system are
summed about the pivot point P. The force f'exerts a torque f7 cos € about P, the force Mg

exerts a torque — Mg/ sin @ about P, and the damper exerts the torque — B 0 about P. Therefore
the equation of motion is

JD*0 = M?*D*@ = f{ cos@— Mglsinfd — BDO (1)

(b) For small angles @, Eq. (1) becomes

M(’D*0 = fl — Mgl 8- BDO Q)

(©)

j=1 89 B 4 @)

Ml 0 MY
: 0 1 0
P% g __B F}L L |f y=[ O{X‘} )
2 ¢ Mt S | e 2
0, 0, 0; 0,

5.23 (a) | fuw_' _mw_l_
! 2
T C) I = % 1 S| e

"'-:‘-i
-—

NSNS NN N NN AN NN
®  J,D0,=-BDO-K(0-0,)+T J,D*6, =K, (6, -6,)- B,D6,

T,=K,(6-6,) T, =NT, (6, = N6,) T,=K,(6,-6,)

14



5.24 (a) From Prob 5.21, Eq. (2) is modified to

B K
T=K,i,=JD'0,+BDO, +K0, i =Ki029m+—09m+—0m

T T T
Solving for i, and substituting into Eq. (1) yields:

B K
e= Ra(iDzem +£D6’m +£9mj+LaD(iD29m +—D0, +—¢9mj +K,D0,
KT KT KT T KT KT

LJ RJ+LB RB+LK RK

0

m

e +K,)D0, +

T T

D6, +[ jDzem +(

T T

K, =LJD9, +(RJ+L,B)D*9, +(RB+LK+K,K,)DO, +RKO,
(b) Sincew, (t)=DE, ()

vw(@t) LJD'+(RJ+LB)D*+(RB+LK+K,K,)D+RK

w, (1) K.D
v(t) LJD'+(RJ+LB)D*+(RB+LK+KK,)D+RK
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