LAB #6 report. MAE 106. UCI. Winter 2005

Nasser Abbasi, LAB time: Thursday 2/17/2005 6 PM
February 23, 2005

1 Answer 1.

1.1 part(a)
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Free diagram for model (2) is the following (assuming ml is moving to right faster than m2)
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Now derive equations. Take right to be positive.
For m1:
F = ma
7]611’1 701‘@1 7]4)2 (1’1 71’2)+f(t) = mlfc'l
mit1 + kixqy + 121 + ko (331 — 322) = f (t)
midy + kizy + i@ + ko — koo = f(t)
miZ1 + x1 (k1 +k2) + it —kaze = f(1)
For m2:
F = ma
—ko (xg — 1) — kaxo — 3o = Mmoo
Moo + ko (.1‘2 — xl) + ksxo +c3ta = 0

in'Q + T2 (kz + ks) - kQCL'l + 039'02 = 0



1.2 part(b)
Xl(S)
F(s)
Write the dynamic equations in matrix form, we get
mq 0 T C1 0 T k1 + ko —ko X f (t)
+ + =
0 mo To 0 C3 To —ko ko + k3 To 0
Above can be written as

determine transfer function

MX+CX+KX=F

Hence , taking laplace transform we get

Ms?X (s)+CsX (s) + KX (s) = F(s)
X (s) [Ms®+Cs+ K] = F(s)
X(s) = (Ms>+Cs+K) 'F(s)
my s> 0
Now, Ms? =
0 Mos?
c1S 0
Cs=
0 c3S
k1 + ko —ko
K =
—ko ko + ks
Hence
. my s> 0 c18 0 k1 + ko —ks -
(Ms>+Cs+K) = + +
0 m252 0 C3S 7]432 kQ + kg
mys® + ci1s+ ki + ko —ks -
—ko m282 + ¢35+ ko + k3
_ adj (A
Now A~! = deiEAg
But for the above,
det (A) = (m182 +c1s+ ki + kg) (m252 + ¢35+ ko + ]{?3) — (—kg X (—k‘g))

= (m182 +c18+ k1 +/€2) (m282 + ¢35 + ko +k73) _kg

TTL282 +c3s + ko + k3 ko
adj (A) =
kz m182+018+k1+k2
Hence
X (s) 9 —1
= (M C K
F(s) (Ms*+Cs+ K)
77?,282—|-C3S+k‘2 + k3 ko
kg m1$2+61$+]€1 +k‘2
(m1s? + 15 + k1 + ko) (mas® + ¢35 + ko + k3) — k3
i.e.
Xi(s) . mes? + c3s + ko + ks
F(s) (m1s?+ci1s+ ki + ko) (mas? + c3s + ko + k3) — k3
and

Xo(s) ko

F(s)  (m1s2+c1s+ ki + ko) (mas? + czs + ko + k3) — k3




1.3 part(c)

Let s = jw hence
Xis) —maw? + jeaw + kg + ks

F(s) (—miw?+ jaw + k1 + k2) (—moaw? + jesw + ka + k) — k3

1 will not move when

Xi(s
‘ 1(s) :O:>’—m2w2+j63w+k2+k3|=0

F(s)

but ’—m2w2 + jesw + ko + k3’ = 0 implies \/(—m2w2 + ko + k3)2 + (c;:,w)Q = 0. ie. (—m2w2 + ko + k3)2 +
(03w)2 = 0. But this is the sum of 2 positive quantities. So it is only possible to sum to zero only when each

quantity itself is zero. i.e.
csw =0

But for non zero w this means that c3 = 0. But ¢3 (the samping) is not zero, since we do have damping in the

X1(s)

systems, hence it is not possible that o) | = 0 . In otherwords, there will not be an isolation fequency, and x; will

always be non-zero.

But if c3 is very small, then c3w = 0 and in this case ’)1(71((5))

= 0 when —mow? + kg + ks = 0 or when w = 1/’“2%2]“3

2 Answer 2.

2.1 part(a)

Need to derive a mathematical model. First step is to make a block diagram as follows.
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There are 2 motions. One rotational about the center of mass, and one translation, up and down.
Free body diagrams are
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Now the equation of motion for the rotational motion is
r=J6b

But 7 = k{L;sin€ — koL sin6
Hence we get for small 0, using sin§ ~ 6

kiLi 0 —kolo 0 = JO

0 (k1 Ly — koLy) = JO
JH + 0 (k‘QLQ — k1L1) = 0
For the translation motion, F' = ma
hence
—kix — kox = mI
T (7]'{31 — ]CQ) = mI
mx+m(k1+k2) = 0
2.2 part (b)
Write the above in matrix form, we get
m o |z ko + kq 0 T 0
.. + =
0 J] 10 0 koLo —kiL1| |6 0
Take laplace transform we get
m 0
Let M =
1 0 J
x
A =
0
ko + k1 0
K =
0 koLo — k1L
Hence above matrix equation can be written as
MA+KA=0

Take laplace transform, we get

Ms?A+KA=0

[M82 — IK] A =0 where I is the 2 x 2 identity matrix.
let s = jw we get

[—wQM — IK] A=0

multiply both side by M ~! we get

[—w2I — KMfl] A=0

T 0
[—wzl — KM *1] =
0 0
Which is what we are required to show.



2.3 Part (c)
Ky = ks = 40000b/ ft

Ly = 4ft
Ly =5ft
m = 25001b

J =mr? = 25000 x 32 = 2.25 x 10°
wo = %:\/KM71

m 017" [2500 0 17 [pRZxe 0 0.000 4 0

M1 = = = =

0 J 0 2.25 x 10° 0 T 0 4444 x 10~

ko + k1 0 8000 0 8000 0

K = — =

0 koLo — k1Lq 0 4000 x 5 — 4000 x 4 0 4000.0

8000 0 0.0004 0 3.2 0 1.7889 0
Hence wy = = =
0 4000.0 0 4444 x 10~ 0 17.776 0 4.2162

Hence the natural frequency for the linear (translation) motion is|1.7889 rad/sec |, and for the rotational motion

it i 4.2162 rad/sec |




