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FY2020 Department of Mechanical Engineeririg

Master Course Program Entrance Examination

“Mechanical Engineering” (Part 2)

2019/8/2 7(Tuesday) 13 :00~16:00

Instructions

S OUR WO

7.

8.
19. You are provided with 3 worksheets. Write your examinee number (candidate

‘Do not open the exam booklet untll you are instructed to begln

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 andIin a Problem,
use one answer sheet for one Question. If there are Questions I, and I 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 _

is 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 Jf you have not used them. .

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.

1. Consider the cantilever shown in vFigure 1-1. Point. A ‘on the left-end of

the cantilever is taken as the origin of the x- axis, x=0. Length and
Young’s modulus of the beam are denoted by L and E, respectively.
Force P is applied to the beam at point C, x=a, and the right end of the

‘beam is fixed to the vertical rigid wall at point B. Answer the following

questions, assuming that the beam is in an elastic state.

(1), Obtain the bending moment M (x) on cross-section at position x.

(2) Obtain the deflection curve v(x). Use I to denote the moment of

inertia of area.

(3) Express the maximu_m tensile stress of the beam by using 4,6, P,L
and a, when the cross-section of the beam is a rectangle and its height
and width are # and b, respectively, as is shown in Figure 1-2. Show'
the position of maximum tensile stress by using x,y,z coordinates.

P
x=0 a
A X N
> 2 5
. C Y z
. L v y' :
bFigure 1-1 ~ Figure 1,,-2‘

Next, the point Af(x=0)'is supported by the coil spring with the spfin‘g
constant & as shown in Figure 1-3. The coil spring is connected to the
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beam at point A and it is supported by Athe rigid floor at point D allowing
" free lateral movement. The force acting to the coil spring from the rigid
floor is denoted by R;. Before the force P is applied to the beam, the
length of the coil spring is its natural length, and the force aéting from the
coil spring to the beam R, is R, =0. The center line of the coil spring is
perpendicular to the rigid floor, and it keeps perpendicular to the rigid floor
after the force P is applied to the beam. The moment of inertia of area is
- denoted by I . Answer the following questions when the force P is

applied ‘to the beam and the system composed by the coil spring and the "

beam is in an equilibrium state.

(4) Obtain the bending moment M (x) on cross-section at position x

by using P,x,a and R,.

(5) Express the force R, of point D by using k,E,I,P,L and a.

P

a
A X
C
L
. Figure 1-3
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Problem 1 |

I Consider a helical spring with a mean radius R and a pitch angle « as
shown in Flgure 1-4. The center axis of the helical spring lies’ parallel 0
the y axis and the helical spring is subjected to a tensile load: P in the y
direction. The wire of the helical spring is regarded. as an isotropic linear-
elastic body, and the cross-section of the wire is a circle of diameter d. The
cross-section A-A’ is defined normal to the wire at the point where z is
maximum as shown in Figure 1-4. The local orthogonal coordinate system
¢n¢  at the cross-section A-A’ is defined as a coordinate systen rotated by
the pitch angle o ‘about the z axis in the xy plane from the lxyz coordinate
system. Figure 1-5 left is an enlarged view near the cross-section A-A’, and
right is a cross-section view of the cross-section A-A’. The internal force”
of magnitude P in the y direction and the internal moment of magnitude PR
in the x direction act on the cross-section A-A’. On the cross-section A-A,
5 is maximum at the point h, ¢ is minimum at the point i, » is minimum at
the point j, and { is maximum at the point k as shown in Figure 1-5 right.
Answer the following questions. ' ' |

(1) The internal force -of magnitude P on the cross- section A-A’ cén be
decomposed into shear force of magnitude S and axial force of
magmtude N. Obtain'$ and N.

- (2) The-inter-nal moment of magnitude PR on the cross-section A-A’ can
- be decomposed into torsional moment of magnitude 7" and bendmg _
moment of magnitude M. Obtain T"and M

In the folIoWing questions stresses due to S and N are neglected, assuming

that they are sufficiently smaller than stresses due to 7 and M considering
the condition of d/R<<l1.

(3) Express normal stress Oy, and shear stresses 7, and 7, at the
points h and i by using T, M , d, I and I,. Here, I is the moment
of inertia of area of the wire, and I, isthe polar moment of inertia of

area of the wire,
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(4) Exp'ressvthe‘ first, the second and the third principal stresses 0y, 0y,
and o, atthe points h and i by using 7, M ; d, I and I,.

(5) Choose the points where the first principal stress is maximum and
minimum from the points h, i, j and k. Explain the reasonin under 120
words. ' '

Figure 1-5
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Problem 2

Answer both of the following Questions I and 1L Use one answer sheet
for Question I and use another answer sheet for Question IL

I A rotating'body A isrotating at an angular velocity w=w, and another
rotating body B remains stationary on the horizontal surface as shown in
Figure 2-1. A is put into contact with B by the constant force F at the

v'tlme t=0 and B starts rotating. Ahasaradlus r, and an inertia moment
I, about the rotational. axis. B has a radius 7 and the four Welghts of
mass m arranged in a concentric pattern at the distance r from the
rotational axis. The inertia moment about the rotational axis of B without
the four weights is Z'B. The positions of the two rotational axes and the
force F do not change' after the contact of A and B . The friction
coefficient u “at the point between A and B is assumed constant, and
other frictions and the size of the weights are negligible. An external driving \

“force is not added to the rotatlonal bodies and r is constant at 7.

(1) Derive the inertia moment of B including the four weights about
the rotational axis. - '

(2) Derive angular velocities of A and B at the time ¢.

'(3) A and B rotate without shpplng after the time ¢. Derive the
time L.

Next, A and B arereplaced by the rotating bodies A’ ‘and B' having
gears in their outer perimeters. The effect of backlash between A’ and ‘B’
is negligible and the transfer efficien‘cy is’lOO% A’ has a pitch circle

- radius 7, and its inertia moment is.the same as A. B’ ‘has a pitch circle
radius and the same four weights of mass m. Its inertia moment about
the rotational axis without the weights is the same as that of B. The torque"
pulsation 7T coskt, where r>0, T and k are constants, is added to A’
by an external force as the rotational bodies are rotating at constant speed.
Then, the angular velocity @, of B' is kept to be constant by changing
r dependmg on time, where the size of the weights is negligible and the
four weights are assumed to be arranged in a concentric pattern.
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(4) Derive the torque pulsation of B’.

(5) Derive r, where r is r at 1=0.

'Rotati_onal_ body B

Rotational body A

Figure 2-1
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Problem 2

II. Consider the clésed-loop system shown in Figure 2-2. The transfer
function of the plant P is P(s) = m _in which @ > b > 0. The
transfer function of the contfoller Cis C(s) = kp > 0 (constant). The
symbols R(s), X(s) and E(s) represent the Laplace transforms of the

input, the output and the error, respectively. Answer the following
-questions. o

- (1) Derive the gain .|P(ja))| of the plant P(s). Draw the gain diagram by
the line approximation, and write the gain in the low frequency and.-
the cut-off frequency in the gain diagram.

(2) Derive the condition on &, to stabilize the closed-loop system. Find
kp so that the poles of the closed-loop system are —1 and —3, when
a=5and b =1. '

(3) Using k, obtained in Question (2), derive the stép reSponse x(1) and
the error e(w) at the steady state of the closed-loop system.

RGs) B P(‘) | X(s)
- S
C(s)
Figure 2-2

Next, the closed-loop system shown in Figure 2-3 is constructed. £;i is the
constant. ' :

@) Deriv'e the transfer function fro<m the input R(s) to the output X(s).

(5) Derive the conditions on kp and ki to stabilize the closed-loop -
system. ‘ A A '
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(6) In the case that the cldsed-loo"p system is stable, show that tl_ie,
error e(®) at the steady state of the closed-loop system becomes 0.

X(s)

R(s) | CEs) [ .
: Ps)

- Aj

C(S) e

Figure 2-3 .
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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 f(_)r Question II.

I. The extrusion process is a'method to manufacture metal products with
various cross-sections such as rods, tubes and sections. Answer the

followirig questions about the extrusion process.

(1) Figure 3-1 (a) shows the schematic of a typical direct extfusion‘
process for a rod. Consider the extrusion force using an axisymmetric
model of the extrusion process as shown in Figure 3-1 (b). The friction
between the billet surface and the tools (die and container) is neglected.
Let the diameter of the billet be D, and the diameter of the rod after
the extrusion be D, . The static equilibrium equation in the =z
direction of an. infinitesimal element inside the billet during the
extrusion is given by Equation (1) ' '

Rz = gy 5 -

where R is the radius of the billet at the position z. It is assumed
that the extrusion stress o, is uniform in the radial » direction. ¥
is the constant flow stress of the billet during the extrusion.

Furthermore, the extrusion stress at the point O of the die exit.(z=0)
- is 0,=0. Express the extrusion force F wusing Y, D, and D,.

C Riller Container - ' 'r,
@ BN ) O ==
Rl |R+dR |
D, ‘ ' \
- | O O'Z O'Z +do—z
Die | ‘ — Infinitesimal element
' Figu_re 3-1
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(2) Consider designing the container with the inner radius # and the

mn

“outer radius 7

out

in the extrusion process. The pressure from the billet
p, occurs on the inner surface of the container duriﬂg the extrusion
as shbwn in Figure 3-2. It is assumed that thé pressure p, is uniform
on the- inner. surface of the container. The friction between billet
surface and container is negligible. The hoop stress o, and radial
stress - 0, occurred in the container are functions of posmon r in the
radial direction. Express o, and o, using p,, 7, , 7, and 7. In
addition, sketch the distribution of o, and o, using graph with
horizontal axis r ' . o

Here, the hoop stress o, and radial stress o, occurred in the
‘thick-walled cylinder (with inner radius # and outer radius #) by
the inner pressure p; and the outer pressure p, as shown in Figure
3-3 are expressed by the following set of Equations (2) with the
position 7 in the radial direction.

1 | 4 1. » .
Gr:CI_CZr_zﬂ O‘e=C1+C2—r—2— .' (2)
'rz p’,z I‘2r2
here C =20 P2 C,=—12 (p -
R I (7 -p)

Figure 3-2
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Figure 3-3

(3) To determine the dimension of the container used in the extrusion
process, it is required that the maximum hoop stress o, occurred in

the container must be smaller than the allowable hoop stress o .
Express the maximum pressure p,.. Wwhich can be applied on the
inner surface of the container using o, and fou/H . In addition,

explain within 60 words what point should be taken care of when-

decidihg the thicknéss of a container submitted to high pressure by
focusing on the change in . p, . with increasing 7,/ ratio.

(4) A compound c‘ylinder structure is chosen for the container in the |
case of high pres-sure extrusion. V |
Here, the compound cylinder is a structure which is manufactured
by the following methods as shown in Figure 3-4. The inner diameter
of outer ¢ylinder B is made slightly smaller than the outer diameter of
the inner cylinder A, and the inner cylinder A'is inserted into the
expanded outer cylinder B. As for the dimensions of the manufactured
compound cylinder, the inner radius of the inner cylinder A is 7, the
outer radius of the inner cylinder A and the inner radius of the outer
- cylinder B are equal to 7, and the outer radius of the outer cylinder
B is 7, . After manufacturing the compound cylinder, the contact

pressure p. occurs uniformly at the interface between the inner

cylinder A and the outer cylinder B. The friction of the contact
interface between the inner cylinder A and outer cylinder B is
negligible.
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Calculate the hoop stresses o, and O'e]; at the inner surfaces on

the inner cylinder A and the outer cylinder B in the manufactured
compound cylinder, respectively. Here, use 7 =10mm, # =20 mm,
. =30mm and p, A =30MPa.

Inner cylinder A

Outer cylinderB‘ =

. Compound cylinder !

Figure 3-4

(5) The pressure from the billet p, =400 MPa occurs during the

extrusion process on the inner surface of the inner cylinder A of the
container with compound cylinder structure considered in Question (4).
It is assumed that the pressure p, is.uniform on the inner surface of
the container. The friction between billet surface and container is
negligible. Calculate the hoop stress on the inner surface of the inner
_ cylinder A. In addition, explain within 90 words the reason why the
compound cylinder structure can withstand high pressuré from the
billet during the extrusion process by C'ompé."ring'the obtained hoop

stress of the compound cylinder with the hoop stress on the inner
surface of a single cylinder with an inner radius of 10 mm .aﬁd an outer
radius of 30 mm.
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(6) During'actual‘ extrusion, it is necessary‘ to consider the friction
“occurred between the billet surface and the container. Figure 3-5
schematicaily shows the material flow inside the billet by the change
in stripe pattern“obtained during the direct extrusion process. One
problem of-the direct extrusion process is that a difference in the
material flow occurs between the center a'nd‘thevperipheral regions of
the billet due to the friction between the billet surface and the
container. In order to solve this problem, the indirect extrusion process
was developed. Explain within 90 words the outline of indirect
extrusion and the reason why the indirect extrusion process can reduce
the friction between the billet surface and the container. If necessary, ‘
sketch the schematic for supplementary éxplanation.

Difference in the material flow occurs between the center
and the peripheral regions of the billet

Stripe pattern inside billet before extrusion Stripe pattern inside billet after extrusion

Figure 3-5
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Problem 3

IT. Fig_uré 3-6 shows the reliability block diagrams of the two systems
consistirig of parts X and Y. X and Y in- Figure 3-6 are called elements.
Figure 3-6 (a) is called a series system, and the system will not function if
one of the elements fails. Figure 3-6 (b) is called a p.arallel_sys'tem, and the.
system will not function only if all elements fail. The probability of not

. causing a failure of element 7 is reliability 7;, and the probability of failure
" is unreliability 1-7. The reliability of the series system of n élements is

AR:‘H;’;' : )
— XY [ o Y =

(a) Series system _ (b) Parallel system

Figure 3-6 Reliability block diagram
(1) Write the reliability of a parallel system of n elements.
Figure 3-7 shows the reliability ‘block diagram of systems Sl Aand S2,

combining series and parallel systems. The reliability of each of the
elements‘a, b, ¢, and d is the same and is denoted by r (0 <r < 1).

c d c d
Reliability block diagram of S1 R'e_liability block diagram of_ S2 -
' | Figure 3-7 o

(2) Prove that system S2 is more reliable t‘han S1 regardless of the
reliability of the element 7. '
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| (3) Find the reliability of the reliability block ‘diagram shown in Figure

3-8 using the reliability Ry and Ry of S1 and S2 of Figure 3-7,
respectively. Let the reliability of element e be 7..

a b-
e

c d

Figure 3-8

4) Consider the system'S3 that includes one each of parts A, B,‘ C, D and
E. Figure 3-9 shows the reliability block diagram of S3. A hecessary
and sufficient situation for the system S1 ’beigure 3-7 not -functionihg
is when a and ¢, or aandd, orb ‘_and c, or b and d fail. This is listed as
a set of conjunctive elements, and written as {a, c} {a, d} {b, c} {b,
»d}.'b Following this, show a necessary and sufficient situation that
causes the system S3 not to function. | |

— C

B

D

1

E

}

- Figure 3-9 Reliability block diagram of S3

(5) Using the eleménts,A,_ B, C, D and E of Figure 3-9 one by one, draw

~areliability block diagram of a system whose reliability is the same as

S3.

~ (6) A communication satellite system consists of an antenna G for

communication, a motor M for driving the antenna, a radio T1 for

communication and a spare radio T2, a controller L for acquiring data

and controlling each device, and a power supply P for supplying power

to.-each device. Draw a reliability block diagram of the system.
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