Q8 question

A very simplified version of the suspension system is shown in Figure 1 below. Assuming that the motion
x; at point P 1s the input to the system and the vertical motion x, of the body is the output, obtain the
transfer function X,(s)/X;(s). (Consider the motion of the body only in the vertical direction.]
Displacement x, 1s measured from the equilibrium position in the absence of input x;.

X,(s)  bs+k

Ans: 20 Tms? ¥ bs + k
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Figure 1



Q8 solution

1 " mi, = k(x; —x,) + b(&; — x,)
'I_——‘ mfﬂ 4+ bfﬂ + k:u.‘u = bi'l + ‘I:.TE

v
k b s J/ Taking Laplace Transform, we have

ms2X,(s) + bsX,(s) + kX,(s) = bsX;(5) + kX;(s)

CXp(5) bs + k
T Xi(s) msZ4+bs+k




Q9 que stion Obtain the transfer function E, (s)/E;(s) of the electrical systems shown in Figures 3 and 4 below using
impedance method.
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Figure 3 Figure 4
Eo(s) (sR,C; + 1)(sR,C, + 1)

Ans: =
U E(5) ~ SRyC, + (SR.C, + 1)(sR,C, + 1)

E,(s) 1-—sR,C
ns: =
E;(s) sR,C+1

End of Tutorial Questions (Part 1)



Q9a solution
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o—| }’_‘ﬁ E,(s) (R2+51T2] (R1+s_;l)
2. LLHHL.[;} E() _(R2+i 1

sﬂz) (R +s_:‘21) + Ry (s_i‘z)

— 75
E,’[{{,;. Lo Eote> CEo(s)  (sRiCi+ D)(sRaCz + 1)
[ 1‘* U E(s)  sR,Cy 4 (SR,C, + 1)(sR,C, 4+ 1)

b &

The impedance after taking Laplace transform, we have
1 1
Zy =Ry zZ:S_Cz Z3 =R, E+=E
Eo(s) = (L(s) + 1:(5)) (Z3 + Z,)

Ei(s)-E, Ei(s) —E,
1(s) = 22y = L2

- Ep(s) = (Ei(S};lgn{S} + Ei(s) E-EEE [SJ) (£3 + £,)

Z,Z,E,(s) = [(Z, + Z,)E(s) — (Z, + Z,)E, ()|(Z5 + Z,)

D ZEg(8)H(Zy + Z2)(Z3 + Z4)Ep(s) = (Zy + Z3)(Z3 + Z4)Ei(s)

Eos) _ (G +Z)(Z3+24)
.EI'{SJ (El +.32J£E_1+E.d,:| +E1Ez

Substituting the corresponding impedances into the equation, we have



Q9b solution
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From the above circuit, we have the following equations,
W - S—
T )
Ei(s)—e, _ ey —Ey(s) 1
Since e4 = eg, we have
1

1
7ocs 715 =5 [Ei(S) + Eo(s]

1 1
mEi(S) - EE('(S) = EE"(S)

CEo(s) _1—sR,C
T E(s)  sR,C+1

End of Tutorial Questions (Part 1) Solution



