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2021 Départment of Mechanical Engineering
Master Course Program Entrance Examination
Mechanical Engineering (Material Mechanics)
Problem 5 and Problem 6

Answer Time 60 minutes

GENERAL INSTRUCTIONS
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Do not look at the Problems until the start of the examination has been announced.
Answer all Questions in Problems 5 and 6.

Use 2 Answer Sheets and 1 Draft Sheet for each Problem.

Do not use the back faces of the Answer Sheets or the Draft Sheets.

Fill in your examinee number in the designated places at the top of all the Answer
Sheets and the Draft Sheets.

Answers must be written in Japanese or English.

. Answers must be written within the solid frame on the Answer Sheets.

Any Answer Sheet with marks or symbols irrelevant to your answers is considered
to be invalid.
Scrolling, expansion and reduction of the Problems are permitted by use of a mouse

or other pointing device only. Keyboard operation is prohibited.

« Continue the answer even if network trouble occurs.
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Mechanical Engineering (Material Mechanics) Problem 5

Consider the stepped bar 1 subjected to a tensile load F, as shown in
Figure 5-1. The width and length of the upper and lower parts of the
stepped bar 1 are 2w and //4, respectively. Those of a middle part are w
and //2. The thickness in the depth direction of all parts is d. Assume a
plane stress field condition in the xy plane, since there is no constraint in
the depth direction. The Young modulus and Poisson ratio are £ and v,
respectively.

(1) Obtain the eloﬁgation amount of the stepped bar 1.

(2) As shown in Figure 5-2, a strain gauge is attached on the middle
part of the stepped bar 1, whose width is w. The angle between the
strain gauge and the tensile direction is 45°. Obtain the strain value
of the strain gauge when the stepped bar is subjected to the tensile
load F as in Question (1).

Next, as shown in Figure 5-3, consider the system in which the stepped
bar 1 is connected to a bar 2 with width 2w, length / and thickness in the
depth direction 4. The two bars are connected in parallel through a rigid
body. The upper parts of the bars are fixed to the wall. The rigid body is
constrained so as to move only in the y direction. The Young modulus

and Poisson ratio of the bar 2 are the same as those of stepped bar 1.

(3) Obtain the displacement of the rigid body when the rigid body is
subjected to a vertically downward load F.

(4) In the system of Figure 5-3, the temperature of the stepped bar 1 is
increased by AT(>0). Obtain the displacement of the rigid body due
to the increase in temperature. Here, the linear thermal expansion

‘coefficient of the stepped bar 1 is a(>0).
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Mechanical Engineering (Material Mechanics) Problem 6

A composite beam with a length of [ is fixed at its left end to a wall
as shown in Figure 6-1. The composite beam consists of the component A
having a Young modulus of E, and the components B and B’ having a
Young modulus of 2E. The component A has a height of 2% and a width
of b, and each of the components B and B’ has a height of 4 and a
width of b. The components do not slide at the interfaces upon bending.
The gravitational effect is neglected. A bending moment of M is applied
to the right end (free end). Answer the following questions.

(1) Let R denote the radius of curvature of the beam. Find equations

that express the distributions of normal strain and normal stress in a
section of the beam along the yp axis. Here, take the coordinates as

shown in the figure so that the centroid of the section is at y=0.

(2) Find the bending rigidity of the beam.

Next, consider a composite beam with a length of / fixed at its left
end to a wall as shown in Figure 6-2. The composite beam consists of the
component A having a Young modulus of £, and the component B having
a Young modulus of 2E. Each of the components A and B has a height of
h and a width of . The components do not slide at the interface upon
bending. The gravitational effect is neglected. A bending moment of M
is applied to the right end (free end). Answer the following questions.

(3) As shown in Figure 6-3, let A, be the distance from the interface

between the componeﬁts A and B to the neutral axis of the beam,
where normal strain and normal stréss in a section become zero. Let
R denote the radius of curvature of the beam. Find equations that

express the distributions of normal strain and normal stress in a
cross-section of the beam along the y axis. In addition, find #4,.

Here, take the coordinates so that the interface is at y=0.

(4) Derive the relational equation between the curvature of the beam,
R, and the bending moment, M .
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2021 Department of Mechanical Engineering
Master Course Program Entrance Examination
Mechanical Engineering (Mechanical Dynamics/Control)
Problem 7 and Problem 8

Answer Time 60 minutes

GENERAL INSTRUCTIONS
1. Do not look at the Problems until the start of the examination has been announced.
2. Answer all Questions in Problems 7 and 8.
3. Use 2 Answer Sheets and 1 Draft Sheet for each Problem.
4. Do not use the back faces of the Answer Sheets or the Draft Sheets.
5. Fill in your examinee number in the designated places at the top of all the Answer

&,

Sheets and the Draft Sheets.

Answers must be written in Japanese or English.

Answers must be written within the solid frame on the Answer Sheets.

Any Answer Sheet with marks or symbols irrelevant to your answers is considered
to be invalid. .

Scrolling, expansion and reduction of the Problems are permitted by use of a mouse
or other pointing device only. Keyboard operation is prohibited.

* Continue the answer even if network trouble occurs,
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Mechanical Engineering (Mechanical Dynamics/Control) Problem 7

As shown in Figure 7-1, a uniform rod-shaped rigid body A is supported by
a bearing B and two springs, S1 (spring constant k,) and S2 (spring constant
k5). The length of the rigid body A is L. The rigid body A has a mass m and an
inertia moment / around the center of gravity. The bearing B is fixed at a

vertical bar D. Answer the following questions.

‘(1) Obtain the equation of motion for rotational vibration of the rigid
body A using rotational angle & as a variable when the bearing B is
located at the center of gravity of the rigid body A, and the spring S1
and the spring S2 are located at a distance g apart from the center of
gravity. A damping force proportional to the rotational speed due to
rotational resistance acts on the bearing, and its damping coefficient

1s c.

(2) In order to observe the free vibration phenomenon, the rigid body A
is displaced from the equilibrium position, but it returns to the
original position without vibrating because of the large rotational
resistance of the bearing. There are two cases for this phenomenon.
Explain the difference between the two cases by drawing a graph of
the transient response of the rotational angle of the rigid body.

As shown in Figure 7-2, consider the case in which the position of bearing
B is shifted by b from the center of gravity of rigid body A by moving of the
vertical bar D. Answer the following questions, assuming the rotational
resistance of bearing B is zero and the spring constants of the two springs S1
and S2 are equivalent with k; =k, = k.

(3) Obtain the equation of motion for rotational vibration of the rigid
body A. '

(4) Explain how the rotational natural frequency of the rigid body
vibration changes from the condition where the position of the
bearing is at the center of gravity of rigid body A (5=0).
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(5) In order to make the rotational natural frequency of the rigid body
A equivalent to that under the condition where the position of the
bearing is located at the center of rigid body (6=0), explain strategy
to change only the position of the spring S2, or to change only the
spring constant k of S2.
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Mechanical Engineering (Mechanical Dynamics/Control) Problem 8

Consider a one degree-of-freedom manipulator, which can move in the
x-y plane, as shown in Figure 8-1. The motor is fixed on the ground and
can generate torque 7. A link which is a uniform rigid bar of mass m and
length 2L is attached to the motor. A spring is attached between the motor
and the link. The restoring torque of the spring, which is proportional to
the angle & of the link, is generated, and its spring constant is . In
addition, the damping torque, which is proportional to the angular velocity
@ of the link, is generated, and its damping coefficient is C. The

gravitational acceleration is negligible. Answer the following questions.

(1) Derive the equation of motion of the one degree-of-freedom

manipulator.

(2) LetX=[6 6:1"=[6 0] be the state vector, 8, and 6, be the
state variables and ¥ = @ be the output variable. Derive the state

equation.

(3) Based on the state equation obtained in Question (2), discuss the
controllability and observability of the one degree-of-freedom

manipulator.

(4) When the angle & of the link is zero, the restoring torque of the
spring becomes zero. The motor torque 7 is generated by PID control
with a reference angle 8, (constant). The proportional, integral and
derivative gains are kp, ki, and ka4, respectively. Derive the condition
on PID gains to stabilize the PID control system.
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2021 Department of Mechanical Engineering
Master Course Program Entrance Examination
Mechanical Engineering (Mechanical Design/Production)
Problem 9 and Problem 10

Answer Time 60 minutes

GENERAL INSTRUCTIONS

A

Do not look at the Problems until the start of the examination has been announced.
Answer all Questions in Problems 9 and 10.

Use 2 Answer Sheets and 1 Draft Sheet for each Problem.

Do not use the back faces of the Answer Sheets or the Draft Sheets.

Fill in your examinee number in the designated places at the top of all the Answer
Sheets and the Draft Sheets.

Answers must be written in Japanese or English.

Answers must be written within the solid frame on the Answer Sheets.

Any Answer Sheet with marks or symbols irrelevant to your answers is considered
to be invalid.

Scrolling, expansion and reduction of the Problems are permitted by use of a mouse

or other pointing device only. Keyboard operation is prohibited.

» Continue the answer even if network trouble occurs.
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Mechanical Engineering (Mechanical Design/Production) Problem 9

Consider a power transmission mechanism using a flat belt and pulleys

shown in Figure 9-1. Answer the following questions.

(1) A power transmission mechanism using a flat belt has a problem
that slippage occurs between the belt and the pulley. Give two
examples of methods that suppress the problem.

(2) Give one application of the power transmission mechanism shown
in Figure 9-1 that takes advantage of the slippage between the flat
belt and the pulleys, and explain how it works in less than 60 words.

(3) Give one example of mechanism other than that shown in Figure 9-
1 that has the function of transmitting power between two different
rotating shafts.

(4) Describe three advantages and three disadvantages of the power
transmission mechanism using a flat belt, compared with the

mechanism given in Question (3).

(5) When machining the pulley shown in Figure 9-2 from a round bar,
describe the machining sequence for generating surfaces A to L and
the timing of the set-up change. In addition, describe the machine
tools and the cutting tools used for generating each surface. Here, the
material of the pulley is ISO C45 (JIS S45C).

(6) Give two examples of surface treatment methods which harden the
- pulley surface after machining.

(7) Explain the mechanisms of the surface treatment methods given in

Question (6) in less than 60 words for each example.

1/4



Figure 9-2

2/4



Mechanical Engineering (Mechanical Design/Production) Problem 10

Answer the following questions about the belt drive, which is one of

the winding transmissions.

Figure 10-1 is a schematic diagram of an apparatus for estimating the
friction coefficient of the contact surface between a flat belt and a pulley.
A mass M is attached to the left end of the flat belt, the right end is fixed
to the wall surface via a load cell, and the flat belt is wound around the
pulley with a contact angle of 90 °. When the pulley is rotated in the
direction of the arrow, and the rotation reached a steady state, the load
cell indicates the load L. The mass of the belt is negligible, and gravity

acceleration is g.

(1) Consider a very small element with an angle d@ as shown in Figure
10-2. In the very small element, the flat belt tensions 7 and 7+d7,
and the friction force of the contact surface between the flat belt and
the pulley are balanced. Find the balance of forces in the very small
element, The friction coefficient of the contact surface between the
flat belt and the pulley is u1.

(2) Estimate the friction coefficient i1 using L and M.

Loadcell
Flat belt - E r+dZ

T

pulley
\b
M \,

g

Figure 10-1 Figure 10-2
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(3) Next, consider a power transmission device in which a flat belt is
wound around two pulleys without slipping as shown in Figure 10-3.
Describe a method to estimate the friction coefficient y2 at the
contact surface between the pulley and the flat belt by installing one
torque meter and one load cell into this device. Let L. be the load
measured by the load cell and 7 be the torque measured by the
torque meter. The two pulleys are identical with the same radius r,
and the belt winding angle is 180 °. The mass of the belt is
negligible.

Flat belt

NS

Drive pulley Driven pulley

Figure 10-3

(4) Describe the advantages of the estimation method given in
Question (3) compared to that of Question (2), within 60 words.
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