ENGG*2400 Midterm 1 Solutions - Fall 2018

1. For the translational mechanical system shown below where z3(t) and z4(t) are known dis-
placements, sketch the free body diagram for A: M; B: M, and write the corresponding
D’ Alembert’s law.
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Figure 1: Translational mechanical system for question 1.
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2. For the translational mechanical system shown below, sketch the free body diagram for A:
M B: My and write the corresponding D’ Alembert’s law.
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Figure 2: Translational mechanical system for question 2.
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3. For the rotational mechanical system shown below, where 7,(t) is a known torque, sketch
the free body diagram for A: J; B: .J; and write the corresponding D’ Alembert’s law.
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Figure 3: Rotational mechamcal system for question 3.
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4. For the mechanical system shown below, where f,(¢) is a known force, sketch the free body
diagram for A: M, B: M, and write the corresponding D’Alembert’s law using only the
variables z1, 2o, and 6 as indicated in the figure. Assume that the lever is ideal, i.e., no mass

or friction,
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Figure 4: Mechanical system for question 4.
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5. For the mechanical system shown below, sketch the free body diagram for J and write the
corresponding D’ Alembert’s law. Do take into account gravitational force(s).

Figure 5: Mechanical system for question 5.
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5. For the mechanical system shown below, sketch the free body diagram for .J and write the
corresponding D’ Alembert’s law. Do take into account gravitational force(s).

Figure 5: Mechanical system for question 5.

Ll

2 BiC
.a/f’ \'
R-, M N } RO
\8 ‘/ ‘ﬁ,l_ 'I.IIII
J II \L pr\ - K’X
II ‘
'J?:' \ / g/ = KQ\@
S T a2
W..mfi'-r::m"{ c'{- ™ — 6Q‘ © Zt"( = [8 l KQle
| ¥l i_' "r' .L* ”_{ r._r‘“.r ‘!i' g) 3 T-n
Mas55 M -2 MO
~ 2
@ Z M + i i
( J+Rs MO + BO 1R, KO = R, M
ENGG*2400 Midterm 1 - Oct. 13, 2018 5

©2018 R. Dony



ENGG*2400 Midterm 1 Solutions - Fall 2018

6. If applying D’Alembert’s law to the two free body diagrams of some A: translational B:
rotational mechanical system yields the following two differential equations, write the input-
output differential equation where

A: f,(t) is the input and x is the output.

$1+5£L‘1+2$1 —ig—mg :fa(t)
To+To+22p —21 —21 =0

B: 7,(¢) is the input and 6 is the output.
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7. If applying D’ Alembert’s law to the two free body diagrams of the A: rotational B: trans-
lational mechanical system as shown below yields the following two differential equations,
express the system in state variable form by

(a) Defining an appropriate set of state variables

(b) Writing the state variable equations in matrix form.
A:

Jlél + Blél —I— (Kl + Kg)el - I(QQQ — 0
JQéQ + BQ@IQ + KQQQ - I(g(gl = Ta(t)
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Figure 6: Rotational mechanical system for question 7.
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B:
Mz + Bz + Kyoy — Kyzg = fo(t)

MoZo + Boty + (K1 =fs KQ)HSQ - Kiz; =0
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Figure 7: Translational mechanical system for question 7.
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