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FY2017 Department of Mechanical Engineering

Master Course Program Entrance Examination

“Mechanical Engineering” (Part 2)

2016/8/30(Tuesday) 13 :00~16:00

Instructions

CUs Wb

7.

8.
9

Do not open the exam booklet until you are instructed to begin.

Answer all Questions in Problems 1, 2, and 3.

If you find some incomplete printing or collating, report them to the proctor,

Make sure that you have all 6 answer sheets. Let the proctor know otherwise.

Use 2 answer sheets for each Problem. If there are Questions I andIlin a Problem,
use one answer sheet for one Question. If the space on the front side of the answer
sheet 1s not enough, you may also use the backside. If the space is still not enough,
ask the proctor for an additional answer sheet.

On each answer sheet, write your candidate number and the Problem number in
the designated boxes. If you fail to do so, the answer sheet may not be graded.
Write “Mechanical Engineering (Part 2)” in “Subject”. Leave “( of )” blank unless
you use an additional answer sheet for the Problem.

Answer sheets with symbols and signs that are not related the answers may be |
judged invalid.

Hand in all the answer sheets even if you have not used them.

You are provided with 3 worksheets. Write your registration number on the upper
left corner of each worksheet.

10. Hand in all 3 worksheets even if you have not used them.
11. You may take home the exam booklet.
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Problem 1

Answer both of following Questions I and II. Use one answer sheet for
Question I and use another answer sheet for Question II.

I. Consider the bending of solid substrate due to the stress produced by
deposition of solid thin film on the substrate. The substrate and the thin
film are elastically isotropic and they are thin enough that the stress state

is considered to be a plane stress condition. Assume that the stress and the
strain in the substrate and the thin film are equi-biaxial (o, = o,=0c and

£,=¢,=¢), where o, and o, are the normal stress and £, and g€, arc

the normal strain in the x- and y-axis directions. The length and width of

the substrate are L and W, respectively. The Young’s modulus, Poisson
ratio and thickness of the substrate and the thin film are E,,v_,¢,, E,,v, and

§17g?
fe , respectively.

(1) As shown in Figure 1-1, the substrate is subjected to biaxial
stress of o, and o,. Find the relationship between stress ¢ and

strain ¢ under equi-biaxial conditions.

(2) Thin film is deposited on the substrate without external force
before deposition. The substrate and the thin film are deformed as
shown in Figure 1-2 due to an equi-biaxial compressive stress in the
thin film produced by film deposition, where R is the radius of
curvature of the substrate and #is the subtended angle. Figure 1-3
is a schematic diagram showing the stress distribution and bending

moments of the substrate and the thin film. Assume that the film
thickness # is much less than that of the substrate ¢, so the

neutral plane can be taken at the middle of the substrate, and the
stress o, is uniform across the film thickness.

1. Express the strain of the substrate ¢, in the plane at a
distance of z| from the neutral plane in terms of the radius of
curvature R and the distance z;.
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2. Consider the bending moment per unit width M,
produced by the stress of thin film ¢, and the bending
moment per unit width M, produced by the stress of
substrate o, with respect to the neutral plane. o, is

distributed in the substrate as shown in Figure 1-3. Express
M, and M, with the necessary parameters among

E vt Eq vty , W,R and o,.

3. Find the stress of the thin film o, by using the fact that
the bending moment M, is equal to M, at equilibrium

state.

/ Substrate

Figure 1-1
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Thin Film

Figure 1-2

N

Thin Film

Substrate Neutral Plane

(t,>> 1)

Figure 1-3 e



II.  As shown in Figure 1-4, there is a thin cylinder structure (inner radius »,
thickness 4, length L), which is divided into 8 parts and is adhered to each
other. Since the top and bottom of the cylinder are adhered to the lids, the

structure is closed. The structure is fabricated from the brittle material
with tensile strengtho,, Young’s modulus £ and Poisson ratio v . The

thickness of adhesion layers is sufficiently thin. Tensile strength and shear
strength of adhesion layer are o, and o, , respectively. Since the

region around the lids is fully reinforced, the fracture does not occur
around the lids.

(1) As shown in Figure 1-5, the structure is subject to tensile force F.
Show the conditions under which the fracture occurs.

(2) In the case that the structure is subject to internal pressure P, show
the conditions under which the fracture occurs.

(3) As shown in Figure 1-6, the structure is subject to torsional
moment 7. Show the conditions under which the fracture occurs.

(4) Consider that r=100 mm, A=5 mm, L=200 mm, £=20 GPa, v =0.3
and 0, =2 G e =2 O gerr =200 MPa. Explain how the fracture occurs

in the case of each Question of (1), (2) and (3), respectively. Draw
schematic diagram if necessary.
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Problem 2

Consider an inverted pendulum which consists of the mass m and the rigid
rod of length ¢ with negligible mass connected to the cart of mass M
through the pivot as shown in Figure 2-1. The cart is driven by the force f
and moves in the horizontal direction (x direction). The position of the
mass m can be described as (x+£sint9,£cos(9) when the displacement of
the cart is x and the tilt angle of the rigid rod is @. Gravity g works
vertically downward, and the mass s and the cart M are assumed to be

mass points. The friction of the pivot is negligible. Answer the following
questions.

> T

Figure 2-1

(1) Obtain the kinetic energy and the potential energy of the system
against the reference 8=0.

(2) Derive the equations of motion for translation and rotation using
the Lagrangian,.

Assume @ and @ are sufficiently small in Questions (3)-(8).

(3) Linearize the equations of motion obtained in Question (2).
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(4) Obtain the transfer function when the input is # and the output is

@. Use s to represent the Laplace operator,
(5) Show the system is unstable.

(6) Feedback control by using equation (1) is conducted. Obtain the
condition of the constant gains /4, and A, to stabilize the system.

f=hO0+n0 e

The equations of motion of the stabilized system in Question (6) are written
as Equations (2) and (3), using positive constants «a, b, ¢ and d.

a¥+bé=f (2)
$+ch-do=0 (3)

Then, the control as shown in Equation (4) is conducted to this system,

f=h0+m(0-u) )

where u is the target value of 4.

(7) Obtain the transfer function when the input is the target value w,
and the output is the acceleration % of the cart.

(8) Obtain the acceleration of the cart after the sufficient time passes
when the target value = is the unit step function.
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Problem 3

Consider making a plucked string instrument. As shown in Figure 3-1, the
instrument is stringed with a carbon steel string along a cantilever fixed on
a base. The string is supported by a ridge and the base, so that it becomes
parallel to the cantilever. Figure 3-2 shows three orthographic views of the
instrument. Length, width and thickness of the cantileverare L, w and ¢,
respectively, and a distance between central axes of the cantilever and the
string is 4. The base and the ridge are rigid, and gravity is negligible.
Answer the following questions using reasonable approximations and
assumptions from an engineering viewpoint.

Base

Cantilever

Ridge

Figure 3-1

A
Y

£ A

Figure 3-2
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Consider a case where the cantilever is a rigid body.

(1) The natural frequency of the first vibration mode of the string is to
be tuned to frequency f. Express a tensile force T of the string using

fs L, d and p, where d and p are a diameter and a volume
density of the string, respectively. Here, a velocity v of a wave
propagating through the string is given as the following formula:

where p, is the line density of the string.

Next, obtain 7 with two-digit accuracy using f=1.1 X 10? Hz,
L=7.0X10? mm, d=1.0 mm and p=8.0 g/cm>.

(2) Propose a mechanism of adjusting the tensile force by reeling the
string, in order to tune the natural frequency of the string, where the
mechanism must satisfy the following two functions:

* To tune the natural frequency precisely
* To keep a tensile force

In addition, explain why the proposed mechanism satisfies these
functions.

(3) A length of the string without a tensile force is 7.0 X 10 mm at an
environmental temperature of 20 °C. Obtain an elongation with two-
digit accuracy when the environmental temperature increases to 30 °C,

Here, use the linear expansion coefficient of the string of
1.0X107° K.

(4) The natural frequency of the first vibration mode of the string was
tuned to 1.1 X 10 Hz at the environmental temperature of 20 °C.
Obtain the natural frequency at the environmental temperature of
30 °C with two-digit accuracy. Here, the diameter, the volume density,
the linear expansion coefficient and Young’s modulus of the string are
1.0 mm, 8.0 g/em®, 1.0 X 107 K, 2.0 X 10> GPa, respectively.
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Expansion and contraction of the cantilever caused by a change in the
environmental temperature are negligible and I=7.0 X 10? mm.

Next, consider a case where the cantilever is an elastic body. The
environmental temperature is 20 °C,

(5) Cantilever is bended by applying the tensile force to the string.
Obtain a bending stiffness of the cantilever using 7, %, L and y,

where y is a flexure of the cantilever caused by the tensile force T,

and sufficiently small compared with L.

(6) Express the condition of Young’s modulus £ to realize the bending
stiffness in Question (5), using 7, A L, y, w and ¢

(7) When the tensile force obtained in Question (1) is applied to the
string, the cantilever is bended as shown in Figure 3-3. Obtain a
difference in length between two straight-lines AO and BC with two-
digit accuracy, where A and O are the ends of the cantilever, and B
and C are the ends of the string. Here, use A#=10 mm, L=7.0X10?
mm, w=30mm, (=10 mm and E=60 GPa.

B .
Strin
i g
ANGT L
NN C
N =0
Cantilever —|— Base

Figure 3-3

(8) Propose a method for suppressing the flexure of the cantilever
caused by the tensile string, and describe it within 30 words.

(9) Consider the transduction of a vibration of the string to an electrical
signal. In most electric guitars, vibrations of a string are transduced to
electrical signals by generating an induction current in a coil winding
around a permanent magnet. Propose another method for the
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transduction of vibration of the string to an electrical signal, and
describe it within 30 words.

(10) A wire rod of carbon steel is generally manufactured using drawing
process. Describe one advantage and one disadvantage of the drawing
process within 30 words, respectively.

(I1) Give an example of suitable materials for the dies used in the
drawing process of carbon steel.

(12) Tensile residual stress usually exists at a surface layer after drawing
process. Describe a method for reducing the tensile residual stress or

applying a compressive residual stress to the surface layer of the wire
rod.
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