ME C85/CE C30 Mid-Term Exam #1, Spring 2013 Name:

Friday, March 1, 2013, 2-3 PM.

Please write your name at the top of each page as indicated and write all answers in the
space provided. If you need additional space, write on the back sides. Do not remove or
add any pages. Assume all problems are two-dimensional unless noted otherwise.
For all answers, where appropriate, provide units. Good luck!

PROBLEM 1: 30 pts total
For this 3D problem, a force P of magnitude 520 Ib. acts at point E on the frame, as
shown.

a- Determine the x-y-z components of the force P. (10 pts)
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b- Find the moment of the force P about point D. Express your answer as a vector. (10 pts)

c- Find the magnitude of the component of this moment that causes rotation about an axis
along C-D. (10 pts)
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PROBLEM 2: 35 pts total
Rod AB is supported by a frictionless hinge joint at

A and rests without moving against a frictionless A @
. . . | N
circular supporting peg at C. A vertical force of 170 \.\\\
N is applied at B. In your analysis, ignore the mass \ N\ 150 mm
of the rod. N\
\\ \\
.\\ \"\
a- Draw a fully labeled free body diagram of the ("‘\' \ 3
AR
rod. (10 pts) N\
N
\ O\ 150 mm
AT Y
\ \\
\\ \\
Q—
Y
~— 160 mm —

[70 N

b- Using equilibrium equations, determine the magnitude of the contact force at C. (10pts)
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c- Consider now a situation in which the supporting peg can be moved to other locations

along the rod.
Using a graphical approach, find the location of the peg that minimizes the magnitude of
the reaction force at A. (Hint: What is the direction of that minimum force?) (15 pts)
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PROBLEM 3: 35 pts total

Beam abcd of length 3L has external loads and boundary conditions as shown:
End moment M,, End force Fy, distributed loading varying from Wy N/m at b to W; N/m
at ¢, hinge joint at point a, and roller at point c. Ignore the mass of the beam. Assume

x=0 at point a.

Yo

(it |
b & d
L L

x=0 x=3L

a- Determine the magnitude and x-location of the resultant force R for the distributed
loading. (15 pts)
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b- The above free-body diagram is to be replaced by the one shown below, in which Fgq is
statically equivalent to the external loads shown above. Using the numerical values of the
external loads as shown below, find the magnitude of the force F¢q and its location, x.

(20 pts)
Assume M,= 175 Nm, F4=100 N, F
W,=150 N/m, W;=50 N/m and L=3 m b EQ
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ME C85/ CE C30- Midterm 1
Formula Sheet

Sine Rule and Cosine Rule

a _ b _ ¢
sind sinB sinC
c® = a® + b? -2abcosC
b? = a® + c? -2accosB
p a’? = b? + ¢? -2bccosA

Vector Algebra Formulae

i 1 k
V=PXQ=(Pi+Pj+Pk x(@Qi+Qj+0k _ y=|p ;U P.
V = PQ sin 9 QI y Q:
P-Q=P0Ocos b

P,Q. — P.Q,

"?5 P:,Qx - P.\'Q;
V. = .\'Qy - PD’QI

-
= ?—:‘ﬂ
[

Moment _
Mp=rxF Mo, =A-Mg=A-(rxF)

Centroid and Center of Gravity

EA=deA yA=jydA EW:deW gW:JydW

XZA=XTA XIW=SxW
YZA=XyA YIW=ZyW
Shape T [l Area
T]']‘ii[lgl]l'dl’ area g Ir)_;‘i

Quarter-circular Ar 4r a2
area 3T 37 4
P&_ i
NE |
Q . rre

Semicircular area

uarter-elliptical — N da 4b wab
I
are: 4 — p- .
area 3 3 4
Co—>x— TF— —==——C b
Semielliptical o _ I ' 0 | 0 4b wab
_._| f - |—a _.| i 5

area
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