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FY2019 Department of Mechanical Engineering

- Master Course Program Entrance Examination

“Mechanical Engineering” (Part 2)

2018/8/28(Tuesday) 13:00~16:00

Instructions

Ol O

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 andin a Problem,
use one answer sheet for one Question. If there are Questions I ,II and [T in a
Problem, follow the instruction at the top of the Problem. If the space on the front
side of the answer sheet is not enough, you may also use the backside. If the space
1s still not enough, ask the proctor for an additional answer sheet.

On each answer sheet, write your examinee number (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 or signs that are not related to 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 examinee number (candidate
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 the following Questions I and II. Use one answer sheet for
Question I and use another answer sheet for Question II.

e Consider the plane truss structure shown in F iguré 1-1. The straight
member 1 is connected to the vertical rigid wall at point A by a pin, and
the straight member 2 is connected to the rigid wall at point B by a pin.
The members 1 and 2 can rotate freely at points A and B, respectively.
They are interconnected at point C, and members 1 and 2 can rotate freely

- at point C by a pin. Member 1 is perpendicular to the rigid wall, and the
distance between points A and C is L. The angle between member 1 and
member 2 at‘point Cis 6. Answer the following questions, when the
force of amplltude P is loaded in the vertical downward direction at

point C from the aforementioned initial situation. The cross- -sectional area
and Young’s modulus of members 1 and 2 are denoted as 4,, E,, 4,, and

E,, respectively. Consider the infinitesimal deformation without buckling

of each member. Neglect gravitational force and frictional force.

(1) Obtain the axial force on members 1 and 2 by using P and 6.
Here, the axial force is positive for tensile force.

(2) Assume that if the truss structure breaks, it will start breaking from
member 2. Consider the situation that the position of point B, where

member 2 is fixed to the rigid wall, and the cross-sectional area of
member 2, 4,, are variable. Obtain the angle 6 which minimizes

the mass of member 2, under the condition that the ultimate load that
can be applied to the truss structure is constant.

(3) Express the elastic strain energy of members 1 and 2, U @ and
U®, by using P,L,6,4,,4,,E, and E,.

- (4) Obtain the vertical downward displacement, d,, of point C.-
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I Consider a thin film lying parallel to the xy plane as shown in
Figure 1-2. The lengths of the thin film in the x,y axes are sufficiently
large compared to the film’s thickness. The film is regarded as an
isotropic linear-elastic body. The Young’s modulus and the Poisson’s ratio
of the film are E and v, respectively. The effect of gravity is ignored.

The initial state, where no external load is applied and no stress is exerted
in the thin film, is called State S;. Normal strains in the x and y axes

are expressed as ¢, and ¢, respectively, and normal stresses in the x

and y axes are expressed as o, and o,, respectively. Assume that

deformations are sufficiently small. Answer the following questions.

(1) Starting from State S;, a gradually increasing tensile stress is
applied in the x axis until o, =0, to obtain State S,. During

tension, the normal strain in the y axis is not constrained, keeping
o,=0. At State §,, find the normal strains ¢, and ¢,, and the

stored strain energy density (strain energy per volume) of the thin
film u,. ’

(2) Starting from State S;, a gradually increasing tensile stress is
applied in the x axis until o, =0, to obtain State S,. During
tension, the normal strain in the y axis is constrained (e,=0). At
State S,, find the normal strain in the x axis g,,, the normal stress
in the y axis o, and the stored strain energy density of the thin

film u,.

(3) Starting from State S, a gradually increasing tensile stress is
applied equally in the x and y axesuntil o, =0,=0, to obtain
State S;. At State S;, find the normal strains in the x and y axes
€5, and the stored strain energy density of the thin film u,.

(4) Starting from State S,, normal stress in the x axis is gradually
decreased until o, =0, while keeping the normal strain in the y
axis (&, =¢;). This state is called State S,. Find the normal stress in

the y axis o, atState S,.In addition, find the strain energy
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density of the thin film, which is released during the process from
State S, to State S,, Au.

(5) Consider the quantity of strain energy release when a thin film
(thickness #) under biaxial tension (o, =0, =0,) adhered on a
substrate undefgoe_s delamination from its edge with a length of a,
as shown in Figure 1-3. Using Au obtained in Question (4),

~ estimate the released strain energy of the thin film per delamination

area (strain energy release‘rate_). Here, the film is sufficiently thin
(h/L, <1, h/L,«1) and change in stress along the z axis can be

ignored.

Oy

/ /
Ox o
= / _~ O-x

y Oy
x
Figure 1-2
\
h
P -~ N

>\
D

X | ) Lx

Figure 1-3
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Problem 2
Answer both of the following Questions I and II. Use one answer sheet for

Question I and use another answer sheet for Question II. 4

. Consider the motion of the pendulum of the point mass of mass
m shown in Figures 2-1, 2-2 and 2-3. The rigid rod connecting the point

mass to the supporting point O has a negligible mass and a length L,
the swing angle is €, and gravity acceleration is g. Answer the

. . dé
following questions. Here, 6 and ' are very small and we can assume

sinf~@, cos@~1, 6*~0 and (dt

forced displacement,  is the angular velocity and 7 is time.

oy o
~0. A4 1isthe amplitude of the

Consider the pendulum in Figure 2-1.

(1) Derive the equation of motion for the pendulum in Figure 2-1.

Consider the pendulum in Figure 2-2, where the pendulum is connected

to the cart and a horizontal displacement of Asinwt is given to the
supporting point O. '

(2) - Derive the equation of motion for the pendulum in Figure 2-2 using

A, g, L, t, 6 and .

(3) Derive the amplitude of the pendulum after a long time has passed.

Consider the pendulum in Figure 2-3, where the pendulum is connected

to the cart and a vertical displacement of Asinwt is given to the
supporting point O. '
(4) Derive the coordinates (x,y) of the point mass. Here, the origin

point corresponds to the supporting point O, when =0.

(5) Derive the equation of motion for the pendulum in Figure 2-3 using

A4, g, L, t, 0 and o.
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(6) In the case that the pendulum vibrations grow, the mechanism of
the growing process is different between Figure 2-2 and Figure 2-3.

Explain the difference briefly.

Asinw tM

Figure 2-1 Figure 2-2 ‘ Figure 2-3
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II. Figure 2-4 shows a system composed of three tanks named A, B and
'C. In the steady state, a constant volume of liquid flows in and out of the
system to keep the level of liquid of each tank constant. The variation of
the volume flowing in the system is represented by u . The base area, the

variation of the level, and the variation of the flow out of tank A are
represented by D,, h, and gq,, those of tank B are represented by D,
‘hy and gy, and those of tank C are represented by D., k4. and ¢,
respectively. D,, Dy and D, are constants and the variations of the

levels of the tanks are described by

dA - dh dh
th“—‘u_QA: DB'd—;=qA_qB’ Dc_‘c‘z%a_qc’

D
A dr

where t is time. In addition, the variations of the outflow volumes are
expressed as '
h hy — he. h.

My - =N
R, > 4y R, dc R >

qs =

where R,, Ry, and R_. are constants. Answer the following questions.

Use s to represent the Laplace operator.
(1) Obtain the transfer function G,(s) from u to gq,.
(2) Obtain the transfer function Gpe(s) from ¢, to g..

(3) Obtain the transfer function G(s) from # to ..

As described by the block diagram in Figure 2-5, feedback control

using the variation of the flow volume, u, as control input is conducted,
where the target value is r, the output is 4, and the controller is K(s).

(4) Obtain the closed loop transfer function from the target value to

the output.
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(5) Obtain the final value of 4. in response to a unit step input for
each case when the controller K(s) is P controller K,, PD
controller Kp(s), and PI controller K (s) described by

: o L
Ky =k, KPD(S):kP+kDS’ KPI(S)sz"‘?I:

where kp, kp, and ki are positive constants. Choose all controller(s)

ge‘nerating no steady state error.

h“ e
4A¢\T D,

Ry
1 l Tank B ~ Tank C
da
hB--- ? _-:-—__-
N Dy Do N he
Ry R
?\ | C
9B I
N dc
Figure 2-4
r +t U

—>0—> K(s) —  G(s)

-Figure 2-5
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Problem 3

Answer both of the following Questions I and II. Use one answer sheet for

Question I and use another answer sheet for Question II.

L. Consider fastening two plates using a bolt and a nut as shown in
Figure 3-1. When the bolt is fastened, axial force occurs, the plates are
compressed and the bolt is stretched. For the part of the bolt where axial

- force occurs, let its length and spring constant be L and C,,
respectively. Let the length of cylindrical part be /, the sectional area of
chvlindrical part be S, and the effective sectional area of the thread be =s.
When an axial force is F and the amount of compression of the two plates
is &p, the spring constant of the two plates is expressed as Cp=F/5p. Op 18
very small. Answer the following questions.

. (1) The spring constant £ of a,cylindricail rod along the length
direction with 4 in length, 4 in sectional area and E in Young’s

modulus is represented by k=4 E/h. Express the spring constant of the
- bolt C, intermsof L, I, S, -s, and Young’s modulus of the

material of the bolt, £.

(2) Find the ratio between the amount of expansion of the bolt and the

amount of compression of the two plates in terms of Cp and Ch.
‘ ' 74

[ |
- T ////\/
N NN
NN N \/
[ e
= w
Figure 3-1 | Figure 3-2
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After the bolt is fastened so that an axial force becomes F, the
two plates are pulled with a vertical force perpendieular to the plates W
as shown in Frgure 3-2, and the bolt is additionally stretched by & in the
elastic range. Answer the following questions.

(3) Express the force W using an increment of the bolt’s tensile

force, F,,and a decrement of the plates’ compressing force, F,.

(4) Express C, intermsof W, &,and C,.

(5) Give the condition of the axial force F so that the two plates are
not separated by using W, C,, and C,.

The tensile force in Figure 3-2 was vibrated between 0 and W
after the bolt is fastened so that an axial force becomes F . Answer the
following questions.

(6) Express the variation of the axial force of the bolt, in terms of C,,
,and W.

(7) When the material of the bolt is‘changed from S45C to duralumin,
the variation of the axial force decreases, and the plates become easy
to separate. Explain both of those consequences using formulas
derived in Questions (5) and (6). The initial axial force and the
applied vibration are the same. '

(8) Describe a method to reduce the variation of the axial force

without changing the material of the bolt, by using formulas derived
in Questions (1) and (6)."
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II.

Consider a table feed mechanism that horizontally moves ﬁsing a
square screw (effective diameter 16 mm, pitch 4 mm) and a motor as
shown in Figure 3-3. Let the mass of the table be A7 = 10 kg, the
coefficient of dynamic friction between the thread faces be u, =0.1, and

the coefficient of dynamic friction between the table and the guide surface
be u,=0.15. Here, the relationship between the torque required for
fastening a screw, 7', and the axial force, F, is given by the following
expressions.

T:Etan(ﬂ+p)zﬂ(tanﬁ+taﬁp) ) taﬁﬂzi
) 2 v zd

>

where d is the pitch diameter, p isthe pitch, S is the lead angle, and
p is the friction angle. With reference to the relationship, answer the
following questions. The moment of inertia of the feed screw is negligible.

For simplicity, approximate the gravitational acceleration g =10 m/s?,
7=3,and tanp=p,.

(1) When the table is driven as shown in Figure 3-4, calculate the
force generated on the screw during the acceleration.

(2) Find the torque [Nm] required for acceleration in the case of
Question (1).

(3) Obtain the required motor speed [min™!] and power [W] for the
motor when the table moves at constant speed of 0.3 m/s.

(4) A ball screw’ (ball center-to-center diameter is 16 mm, lead is 4
mm) and linear bearings are used instead of the square thread in the
case of Question (3). Calculate the required power [W] for the motor

when the coefficient of dynamic friction of the ball screw is
4, =0.004 and the coefficient of dynamical friction of the linear

bearing is u, =0.003.
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’(5) When the linear bearing and the ball screw for the structure in

Figure 3-3 are used in the direction of gravity, the table will fall by

its own weight. Describe a method to prevent this phenomenon.

* ——
Motor Table
Guide
Figure 3-3
Velocity (m/s)
A
03 oo
> Time (s
0 0.6 (<)

Figure 3-4

12/12



(Blank)



