Problems and Solutions for Section 3.7 (3.45 through 3.52)
3.45 Using complex algebra, derive equation (3.89) from (3.86) with s = jw.

Solution: From equation (3.86):

Substituting s = jw yields

1 _ 1

m(jo ) +c(jo)+k ~ k—mo’ - cjo

H(jo) =

The magnitude is given by

1/2

_ L [ L J
m(jo ) +(cio)+k | \k=me®—cjo

\H (iw)\ = L — which is Eq. (3.89)

l=mo] +(ca)

3.46  Using the plot in Figure 3.20, estimate the system’s parameters m, ¢, and k, as well as the

natural frequency.

Solution: From Fig. 3.20
1 2=k=05

k
/k
w=wn=0.25= —=m=8
m

1. 4.6 = ¢=0.087
cw
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Using the values determined in Problem 3.46 plot the inertance transfer function's
magnitude and phase for this system.

Solution: From Problem 3.46

l:2=>k:0.5,a>:co =0.25= h:>m:8,iz4.6:>c:0.087
k n m cw

The inertance transfer function is given by Eg. (3.88):

2

S
SH(s)=— >
ms- +cs + k

Substitute s = jw to get the frequency response function. The magnitude is given by:

w° °

(i0) H(io) - J -

(k-me?) +(co) \/(0.5—80)2)2 +(0.0870)

The phase is given by

6= tan™ Imaginary part of frequency response function
Real part of frequency response function

Multiply the numerator and denominator of (jco)2 H (ja)) by (k - mwz) —Cjw to get

io) H{jo :—a)z(k—mw)+cja)3
( ) ( ) (k—ma)z)2+(cw)2

3
So, ¢ =tan™ v =tan™ O(jﬂ
-’ (k -~ mwz) 8w* - 0.5

The magnitude and phase plots are shown on a semilog scale. The plots are given in the
following Mathcad session




d(3) = atah 0.0287-0)
8w —-05

2
w

2

J[0.52 - 8w )2 +(0087-0)°
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3.48 Using the values determined in Problem 3.46 plot the mobility transfer function's
magnitude and phase for the system of Figure 3.20.

Solution: From Problem 3.46
1 k

—=2=k=05w=w =0.25= —:>m:8,iz4.6:>c:0.087
k n m cw

The mobility transfer function is given by equation (3.87):

_ S
SH(S)_ ms® +cs+k

Substitute s = jw to get the frequency response function. The magnitude is given by

(o)t {io) = T———= g
| ‘J

(k- jo?) +(co) \/(0.5—8(02)2 +(0.0870)

The phase is given by

6= tan™ Imaginary part of frequency response function
Real part of frequency response function

Multiply the numerator and denominator of joH (ja)) by j and by —(k — mwz) j—cw to
get

ja)(k - ma)z) +cw’

(k —~ mcoz)2 + (coo)2

w(k —~ mcoz) 0.5— 8w?
So, p=tan”| ———— |=tan"| ———

(jo)H(je)=

Cw 0.087w

The magnitude and phase plots are shown on a semilog scale.



P
w

2
(0.52 _so?) + (0.087-63)°
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3.49 Calculate the compliance transfer function for a system described by

a +bx + cx + di +ex = f(t)
where f(t) is the input force and x(t) is a displacement.

Solution:
. _X(s)
The compliance transfer function is -
S

Taking the Laplace Transform yields
(as4 +Dbs® +cs® +ds + e) X (s) = F(s)

X (s) 1

So, =
F(s) as* +bs®+cs® +ds+e




3.50 Calculate the frequency response function for the compliance of Problem 3.49.

Solution: From problem 3.49,

1
His)=
( ) as* +bs®+cs’ +ds+e
Substitute s = jw to get the frequency response function:

H(jw): a(jw)4 +b(jw)3+c(jw)2 +d(jw)+e

an’ —cw’ +e— j(—ba)3 + da))

0 o + oo

3.51 Plot the magnitude of the frequency response function for the system of Problem 3.49 for

a=1b=4,c=11d =16, and e =8.

Solution: From Problem 3.50
aw’ —cw® +e— j(—ba)3 + da))

" (jw) i (aco4 —cw’ + e)2 + (—bco3 + da))2

The magnitude is

H(jo)|= =

\/(co4 —11w* +8)* + (4w’ +16w)°
This is plotted in the following Mathcad session:

1

H(r.ujl =
4 3 2 312
w o —=11wm +8] + 6w —4w
|
0.1~ —
Hwa])
nos — —
i |
0.1 1 in
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3.52  An experimental (compliance) magnitude plot is illustrated in Fig. P3.52. Determine
,{,c,m, and k. Assume that the units correspond to m/N along the vertical axis.

% » i .
SREDE 2 )

Solution: Referring to the plot, it starts at

H@i| =

Thus: 0.05= % =k =20 N/m
At the peak, m, = w = 3 rad/s. Thus the mass can be determined by

k
m=— =m=222kg
)

n

The damping is found from

i:0.11:>c:3.03 kgls = ¢= ¢ 303

cw oJkm 2420222

=0.227



