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ME 323 Final Examination Name

December 12, 2017 Instructor

PROBLEM NO. 1 - 25 points max.

The right-angle bar ABC has a circular cross section of radius 7. It is fixed at wall at A, and is subject
to a concentrated force P at location C. The elastic modulus of the bar is £ and shear modulus is G.
Using Castigliano’s theorem:

a) Determine the deflection of the bar in the z-direction at C.

b) Determine the deflection of the bar in the z-direction at B.

Ignore the shear energy due to bending. Express your answers in terms of P, L, E, G, and r.
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ME 323 Final Examination SOLUTION

December 12, 2017

PROBLEM NO. 2 — 25 points max.

A bracket is made up of components BC, DC and HC, all joined together at C, with BC, DC and HC
aligned with the x-, y- and z-axes, respectively. Loads of P and 2P act at ends H and D in the negative
y-direction and positive x-direction, respectively. Component BC has a circular cross section with an
outer radius of r.

[P 4]

a) Determine the xyz components of stress at points “a” and “b” on the cross section K of
component BC. Express your answers in terms of, at most, L, » and P.

b) Show these components of stress on the stress elements provided below for points “a” and “b”.
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PROBLEM NO. 3A — 15 points max.
The x-y components for a state of plane stress in a machine component are shown below. The

component is made up from a ductile material having a yield strength of ¢, =36 ksi. For this state of
stress:

a) Determine if the maximum-shear stress theory predicts a failure of the material. If the material
has not failed, what is the factor of safety predicted by this theory?

b) Determine if the maximum-distortional-energy theory predicts a failure of the material. If the
material has not failed, what is the factor of safety predicted by this theory?
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PROBLEM NO. 3B - 10 points max.

A rectangular cross-section rod is made up of sections BC and CD, with each section having a constant depth
dimension d as shown in the figures below and being made up of a material having a Young’s modulus of E.
Section BC has a thickness that varies linearly from 2/ on its left end to 4 on its right end at C, whereas section
CD has a constant thickness / throughout its length. Ends B and D of the rod are connected to rigid walls. An
axial load P acts the point C where the two sections are joined. Use a two-element finite element model to
determine the stress experienced in section CD of the rod. Express your answer in terms of, at most, the
variables 4, d, L and E.
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PROBLEM NO. 4A - § points max. (partial credit, please show your work here and on
the next page):
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Cylindrical columns A, B, C and D shown sbove are made of the same material (Young's modulus of
£ and yicld stress of oy = E/100) and have the same circular cross-section of dsameter D. A

compressive axial load P is applied to each column.
Let P4, P2, PL, and PS represent the critical buckling loads for columns A, B, C, and D, respectively.
Rank order (from largest 1o smallest, 110 5) the following: Py, Py, PS5, PS, and 2R, 12 below.
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The schematics presented bebom Coerevpond Lo hewrms w it soan L and loaded with either 2 couple 2t
e keft and or with a fosce per umit of length with differest diswribution (1. lincar, comsant or
quadrae )

Problem 48 - 7 points max. (pavtial credit, ploase show your work on next page)
Which schematic corresponds 10 2 beam whose beading moment n ogual o
M(x) sl w !
g 10 6L
Cinlsthecomectamamer ) (b)) ) (& (o

g &) (H]) )

Problem 4C - 7 points max. (pavtial credit, please show your work on next page)
Which schematic comesponds 10 @ boam whote beadmg moment in oqual %0
u(')-w,,x‘ _wlx
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HINT: Mentify which supports and koads are compatibie with the given bending moments

X

3] U
X



P4B:

Vx) = —=—>—
W=~ T0 2L
) = Y 2 2% _ linear load
p)=—=—"—= inear loa
@x =0
M(0) = 0V(0) =22 0
Simply supportedat x = 0
@x =L
wol?  wyL?
ML) =222 0
10 6
wol  wylL
V(i) =2-"2=%9
10 2
Fixedendatx = L
P4C:

V()_dM_W0x3 woLx?
Y T3 2

d
p(x) = i wox? —woLx => quadraticload withp = 0atx = Oandatx = L
x

@x =0
M(0)=0V(0)=0
Freeendatx =0
@x =1L
M(L) = Wol® _ wol® #0
12 6
wol®  wyl3
V(L) = —~ %0

3 2

Fixedendatx =L



PP RPN TRRRRRNE. R IR~

Poge M ™

ME 323 Final Examination Neme
December 12, 2017 nstrecior

PROBLEN NO. 40 - 3 points max. (no partial credit)
Indicate which of the schematics presested delow depicts the deflection curve of the followng beam
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PROBLEN NO. 4E ~ ] points max. (no partial credit)
Indscane which of B schematics peesented beiow depects the dellectaon curve of the following boam
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