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Solve Question 1, Question 2, Question 3 and Question 4.
Solve Question 5, OR Question 6, at your choice.

Question 1 (20 points)

Two bars are attached to a single spring of constant k = 7.0 N/m that is unstretched when the
bars are vertical as shown in the figure below. Determine the range of values of force P for
which the system reaches the stable position of equilibrium, knowing that a = 4.0 m. For small
values of displacement consider the angle in D is two times the angle in B. Apply the principle
of potential energy for particles.
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Question 2 (20 points)
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The center of the double gear has a velocity and acceleration to the right of 1.2 m/s and 3
m/s2, respectively. The lower rack is stationary. Determine (a) the angular acceleration of the

gear, and (b) the acceleration of points C, and D.
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_1.2m/s

w=-"A— =-8rad/s

n 0.150 m

a, =-n6 =-na

= Rolling motion

Gp =i, +ic, =i, + 0k X7y, — @Fy, = (3m/s*)i - (20rad/s>)k x(~0.150m)j - (8rad/s)*(~ 0.150 m)j

= (3m/s2)f - (3m/s2)f + (9.60m/s2)j

d, =(9.60m/s2)j

Gy =0, +ay, =, +ak XTy, — @y, = (3m/s>)i —(20rad/s>)k x (~0.150m)7 — (8rad/s) (~0.150m)7

= (3m/s?)i +(3m/s?)] +(0.60m/s*)i

dp =(12.6m/s2)f +[3m/s2)j
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Question 3 (20 points)

A 30 kg block initially at rest is dropped from a height of 2 m, such that it will rotate
counterclockwise, reaching an angular velocity = 1.5 rad/s before hitting the 10 kg pan of a
spring scale.

Assuming the impact to be perfectly plastic, e = 0, and ignoring any rotation of the pan,
determine the maximum deflection of the pan. The constant of the spring is £ = 20 kN/m and
the mass moment of inertia of the block is J = Lmb; where b = 1.5 m. Apply the principle of
conservation of energy for the rigid bodies and for the particles and also the principle of
conservation of linear momentum for particles.

30 kg

Conservation
of energy

f (‘.f\)l =0 L

‘!/( Datum )

M WASACE e I=+
: T,=0 V. =W,y=(30)(9.81)(2)=588]
T,=4m,(v,), =1(30)v, ) +£(11.25)(@,);  V,=0
T +V,=T,+V,
0+588J=1(30)(v,); +1(11.25)1.5F +0  (v,), =6.19m/s

(30)(1.5) =11.25

Impact: Total
B R
momentum conserved

N * Determine velocity after impact from requirement that
total momentum of the block and pan is conserved.

mA(vA)2 +mB(vB)2 = (m, v, +myv;)
mA(vA)2 +mB(vB)2 = (mA -I-I?’LB)V3
(30)(6.19)+0=(30+10)v, v, =4.64m/s
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Conservation
of energy

\
X3 No deformaﬁon)
of spring

Initial spring deflection due to

pan weight:
F =kx
F-W,=0
; W, _ (10JO 8}) =4.91x10"m
k 20%

Question 4 (20 points)

* Apply the principle of conservation of energy to
determine the maximum deflection of the spring.

=L(m, +my 2 =1(30+10)(4.64)=430.6]

T3
V,=V,+V,

=0+L1kx? =1(20x10°)4.91x107) =0.241]
T,=0
V=V, +V, =W, + W, )(- h)+Lkx;

=-392(x, — x,)+1(20x10*)x?

=-392(x, —4.91x107°)+1(20x10°)x2

T,+V,=T,+V,
430.6+0.241=0-392(x, —4.91x107°)+1 (20x10° )x2
x,=0.227m

h=x,—-x=0227m-491x10" m

h=0.2227m

For the angle cross section shown below a) draw the Mohr circle and b) determine the values
of the principal moments of inertia. ¢) Represent the orientation of the principal axes on the

figure and indicate the corresponding angle. Consider: I =3.93x10°mm",

«—19

.| e 17/7 mm

4=

L127 x 76 x 12.7 127 mm

C N T ‘>
4 mm
12.7 mm \N\‘\ 6m§

_r|4—76 mm—>

\79.6'

I_y =1.06x10°mm*

and ] =1.17x10°mm*

_ I, +1,

Now I == =2495x 1(}6 umf1

—1.85 % 10 mm*

L[ -2(1.17) A
20, = tan 393106l = —-39.2°
2.9 — 1.

I =R+1, =(1.85+2.495)x10°mm" =4.345x10°mm"
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Question 5 (20 points)

A 2 kg sphere with a velocity of 5 m/s strikes the lower end of an 8 kg rod AB = L. The rod is
hinged at A and it is initially at rest. The coefficient of restitution between the rod and sphere
is e = 0.8. Determine the angular velocity of the rod and the velocity of the sphere immediately
after impact. Consider the mass moment of inertia of the road j = + ml?*. Draw the principle
of impulse and momentum for rigid bodies and apply the impact of rigid bodies.

06m

MpVy

Syst Momenta, + Syst Ext Imp,_,, = Syst Momenta,

+)moments about A:

mgv(1.2m)=my,(1.2m)+ mgv(0.6m)+ [’

vp =7 =(0.6m)a’

I'=Lml® =L (8kg)1.2m)* =0.96kg - m’

12

(2kg)(5m/s)1.2m)= (2kgh’(1.2m)+ (8kg)(0.6m)w (0.6 m)+ (0.96 kg - m* )/

12=2.4v, +3.84

+) Moments about A:

12=2.4v, +3.84a’

£, Relative velocities:

4 —_—
V=V

(1.2m)w' —v) =0.8(5m/s)

Solving,
@’ =3.21rad/s

v, =—0.143m/s

@’ =321rad/s %)

v; =0.143m/s «

:50f6



Question 6 (20 points)

Draw the shear and bending moment diagrams for the beam loaded as shown in the figure

below.

SOLUTION
(a)
Replacing the load at E with
equivalent force-couple at C-
. ¥hnr 2l
IS Gxme (2, = 0: (6 m)D — (8 m)(210N) - (3 m) (4 1)
i " T —(1.5m)(8 KN/m)(3m) — 4KN-m = 0
I ey ; D=10kN |
) l_ R
Rt TZF_‘,=D:AT+10kN—2kN—4kN—(Bkam}(3m}=0
L e A, =20kN |
o E ¥
G.j...) r\ R Shear Diag:
L dV
Vy=A, = 20 kN, then V1s linear (E =-8 kNIm] to C.
Ve =20 kN—(Bkam)(3 m} =4 kN
V=0=20kN-(8kN/m)xatxy =25m
At C, Fdecreases by 4 kN to —8 kN.
At D, Vincreases by 10 kN to 2 kKN
Moment Diag:
; . [ dM : :
M , = 0. then M 1s parabolic (E decreasing with V} Max M occurs
where V7 = 0.
v A %(20 KN)(2.5m) = 25kN-m
()] M, . =2501N-m 250mfromAd 4
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