ENGINEERING ANALYSIS 3
SYSTEM DYNAMICS
Quiz No. 1
April 24, 2023

Name :

You may NOT use notes or books or calculators or phones for this quiz. There are
2 problems with multiple sections.

Clearly mark your answers (circle your final answers, wherever applicable) and
detail your problem solving process. Credit will primarily be rewarded based on
process (which demonstrates your conceptual understanding of the material)
rather than results.

In this quiz, all masses, springs, and dampers are ideal and linear. All masses are
non-deformable and can therefore be treated as “points” or “nodes.” Springs,
dampers, and levers are assumed to be massless. Walls are stationary if not
specified in the problem statements.

Dimensional units will be provided for all necessary constants, but for ease of
writing, your solutions do not need to include units. In other words, velocity = 1
will be understood by the graders as equivalent to velocity =1 m/s

Potentially Useful Equations

Potential Energy = mgh

Elastic Potential Energy = % k x?
Work = [ Fdx

Work = [ Fdx

Kinetic Energy = % m v?

Do not start solving this quiz until you are told to do so. *



Problem 1

The following spring damper system is set up between two fixed walls. A
constant, leftward external force is applied to mass 3. Develop a system of
equations which describes the dynamics of this system in terms of its state
variables (55 Points Total)
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1.A (10 points): Draw Free Body Diagrams (FBDs) for each moving mass and
junction in the system (you may draw in “dots” wherever necessary). Additional
FBDs may be drawn as needed if they aid you in solving the problem.

1.B (10 points): Set up a force balance equation for each FBD and substitute in
any relevant constitutive equations.




1.C: (10 points): Define all kinematic constraints/geometric continuity equations
(4 are required to solve this problem, though other relationships may exist).

1.D (5 points): Define the state variables and state equations.

1.E (10 points): Solve for the state equations (equations of motion), in terms of
your state variables and any additional constants.




1.F (10 points): Solve for the value of each state variable at time=0.1 second using
the Forward Euler’s Method with time steps of 1 second, given the following

initial conditions.

k2=k4=2%
b3=b6=4%
m; =1kg
ms =2 kg

F=3N

x,(0)=1m
x4(0)=1m
v (0) =1+
v5(0) = 1



Problem 2: The following graph presents the energy (kinetic and elastic potential)
within a spring-mass-damper system. At the initial condition, the system has 2.5
Joules of energy, and at steady state (t=o°) the system has 4.5 Joules of energy.
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2.A (5 points): Note the trend of the total energy in the system (black trace). Why
does the energy initially decrease? (Describe in terms of Power; please answer in
1 brief sentence)

2.B (5 points): Following the initial decrease, why does the energy begin to
increase? (Describe in terms of Power; please answer in 1 brief sentence)

2.C (5 points): Why is this process sequential? That is, why doesn’t the energy
continuously change in one direction or the other? (1 brief sentence)




Problem 3: A skier (m=100 kg) slides 5 meters down a frictionless slope onto a
horizontal, frictional surface (u = 0.2). After sliding across the surface, they
collide with and stick to a wrecking ball (m=200kg) which is free to swing in either
direction. A fixed, red “ceiling” exists to the left of the wrecking ball, 5 meters
above the frictional surface. (30 pts total)

L=10m
u=0.2

3.A (10 pts): What is the velocity of the skier at the left end of the frictional
surface (Point “B”)?

3.B (10 pts): What is the velocity of the wrecking ball immediately after colliding
with the skier?



3.C (5 pts): In the swinging motion that follows the collision between the skier
and the wrecking ball, does the wrecking ball collide with the red ceiling? If not,
how high does the wrecking ball swing? (treat the wrecking ball as a point mass)

3.D (5 pts): If the frictional surface were smoothed out (i.e. made completely
frictionless), would the wrecking ball collide with the red ceiling? No calculations
necessary; please justify your answer in one, brief sentence.
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You may NOT use notes or books or calculators or phones for this quiz. There are
2 problems with multiple sections.

Clearly mark your answers (circle your final answers, wherever applicable) and
detail your problem solving process. Credit will primarily be rewarded based on
process (which demonstrates your conceptual understanding of the material)
rather than results.

In this quiz, all masses, springs, and dampers are ideal and linear. All masses are
non-deformable and can therefore be treated as “points” or “nodes.” Springs,
dampers, and levers are assumed to be massless. Walls are stationary if not
specified in the problem statements.

Dimensional units will be provided for all necessary constants, but for ease of
writing, your solutions do not need to include units. In other words, velocity = 1
will be understood by the graders as equivalent to velocity = 1 m/s

Potentially Useful Equations

Potential Energy = mgh

Elastic Potential Energy = % k x*
Work = [ Fdx

Work = [ Fdx

Kinetic Energy = % m v?

Do not start solving this quiz until you are told to do so. *



Problem 1

The following spring darhper system is set up between two fixed walls. A
constant, leftward external force is applied to mass 3. Develop a sy‘stem of
equations which describes the dynamics of this system in terms of its state
variables (§8 Points Total)
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1.A (10 points): Draw Free Body Diagrams (FBDs) for each moving mass and
junction in the system (you may draw in “dots” wherever necessary). Additional
FBDs may be drawn as needed if they aid you in solving the problem.
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1.B (10 points): Set up a force balance equation for each FBD and substitute in
any relevant constitutive equations.
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1.C: (10 points): Define all kinematic constraints/geometric continuity equations

(4 are required to solve this*goblem, though other relationships may exist).
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1.D (5 points): Define the state variables and state equations.
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1.E (1§ points): Solve for the state equations (equations of motion), in terms of

your state variables and any additional constants.
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1.F (10 points): Solve for the value of each state variable at time=0.1 second using

the Forward Euler’s Method with time steps of 1 second, given the following
initial conditions.
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Problem 2: The following graph presents the energy (kinetic and elastic potential)
within a spring-mass-damper system. At the initial condition, the system has 2.5
Joules of energy, and at steady state (t=o0) the system has 4.5 Joules of energy.
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2.A (5 points): Note the trend of the total energy in the system (black trace). Why
does the energy initially decrease? (Describe in terms of Power; please answer in
1 brief sentence)
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2.B (5 points): Following the initial decrease, why does the energy begin to
increase? (Describe in terms of Power; please answer in 1 brief sentence)
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Problem 3: A skier (m=100 kg) slides 5 meters down a frictionless slope onto a
horizontal, frictional surface (u = 0.2). After sliding across the surface, they
collide with and stick to a wrecking ball (m=200kg) which is free to swing in either
direction. A fixed, red “ceiling” exists to the left of the wrecking ball, 5 meters

above the frictional surface. (30 pts total)
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3.B (10 pts): What is the velocity of the wrecking ball immediately after colliding
with the skier?
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3.C (5 pts): In the swinging motion that follows the collision between the skier
and the wrecking ball, does the wrecking ball collide with the red ceiling? If not,
how high does the wrecking ball swing? (treat the wrecking ball as a point mass)
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3.D (5 pts): If the frictional surface were smoothed out (i.e. made completely
frictionless), would the wrecking ball collide with the red ceiling? No calculations

necessary; please justify your answer in one, brief sentence.
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