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FY2023 Department of Mechanical Engineering

Master Course Program Entrance Examination

“Mechanical Engineering” (Part 2)

2022/8/30 (Tuesday) 13 :00~16:00

Instructions

Ot 00N =

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 and Il in a Problem,
use one answer sheet for one Question. If there are Questions I ,II and III in a
Problem, follow the instruction at the top of the Problem. 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 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 1if 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.

[. As shown in Figure 1-1, a uniform cross-section beam BC of length L/3 is
attached at a right angle to the end B of a uniform cross-section cantilever
beam AB of length L. A concentrated load W is applied at the end C of the
beam BC in the negative y-axis direction. A load P is applied to the cross-
sectional area at the end B of the cantilever beam AB in the x-axis direction.
The central axis of the beam BC before applying the concentrated load W is
parallel to the z-axis and in the xz-plane. As shown in Figure 1-2, the
cantilever beam AB has a circular cross-section of radius R and has a
longitudinal hole of radius R/2. The length L of the cantilever beam AB is

much larger than the radius R. Answer the following questions.

(1) Find the /I, I. and [, for the cross-sectional area of the cantilever
beam AB. Here, /, and /. are the moment of inertia of area about the
v- and z-axis, respectively. /, is the polar moment of inertia of area
about the centroid O.

(2) Figure 1-3 shows the state of stress at the point a on the fixed end of
the cantilever beam AB. Find the normal stress o, and the shear stress
vy at the point a.

(3) Find the maximum principal stress and the maximum shear stress at
point a on the fixed end of the cantilever beam AB.
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Figure 1-1 Figure 1-2

T,\'y

Figure 1-3
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II. Answer the following questions concerning planar truss structures made
of bar members. The cross-section of all the bar members is uniform, and
their cross-sectional area is denoted by S. Their material properties are
identical, and their Young’s moduli are denoted by E. Assume that the

gravitational effect can be neglected and buckling does not occur.

(1) As shown in Figure 1-4, a truss structure is constructed by two bar
members (D and @ of length ﬁ placed symmetrically to the
vertical axis with angle #. The load P is applied vertically downward

at the point O. In the following text about the process of the
calculation of the displacement of point O, fill the blanks (a) ~

( e ) with appropriate mathematical formula or words.

D

B

Figure 1-4 Figure 1-5

Let o be the axial stress of bar (D, and o> the axial stress of bar @).
Due to the bar structure symmetry with respect to the vertical axis,
o1 = o2. We can derive P = ( a ) from the equilibrium condition in
the vertical direction at the point O, so that, we can obtain o) = o» =
( b). Denoting the axial elongation of bar () caused by the stress as
o1, 01 = (¢ ) is derived. Assume that the point O shifts to O’ due to
the elongations of bars (D and @), as shown in Figure 1-5. Let the

perpendicular line to AO” be OH, then the length O’H is

3/



approximately o1, and the angle between OO’ and HO’ is
approximately &. The vertical downward displacement of the point O
is obtained as & = ( d ). This type of truss structure, in which the
stress and displacement are determined only by the static equilibrium

condition, is called ( e ) structure.

(2) As shown in Figure 1-6, the bar member @) of length L is added
on the symmetry axis of the structure shown in Figure 1-4. The load
P is applied vertically downward at the midpoint D of bar (3). Obtain
the displacement of the point O, and the axial stresses of bars (D
and @.

A

Figure 1-6
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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.

[. Consider the system composed of a square plate and two springs, as
shown in Figure 2-1. A corner of the square plate is subjected to point
support at Point O and the plate rotates around Point O in the plane. The
side length of the plate is [, the mass of the plate is m, and the thickness
and the density of the plate are homogeneous. The moment of inertia of
the plate around Point O is /. Point G is the center of gravity of the
plate. The two springs are fixed on the plate at Point P, located at a
distance h from Point O in the vertically downward direction. The other
ends of each spring are fixed on the wall at Point Q and Point R,
respectively. Both springs have a spring constant k. The gravitational
acceleration 1s g. The system is shown at rest in the figure. Consider the
case of small vibration of the plate around Point O. The rotation angle of
the plate from the vertical direction is 6. Here, the rotation angle 6 and
the displacement of the springs are small. Assume cosf =1 — %92 and
sin @ = 6. The friction of the rotational motion of the plate, the air
resistance, and the weight of the springs are negligible. Answer the

following questions.

Figure 2-1
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(1) Obtain J which is the moment of inertia of the plate around Point
0.

(2) Derive the kinetic energy and the potential energy of the system.
(3) Derive the motion equation of the system.
(4) Obtain the natural frequency w, of the system.

(5) Explain how the natural frequency of the system varies when
Points P, Q and R are translated in the vertically downward
direction by increasing the distance h, that is, Points P, Q and R

lie on the same horizontal line.

(6) Consider the case when the periodically changing torque
T(t) = Xsinwt is applied around Point O, where X and w (w # wy)
are constants and t is time. Here, consider the case when the
vibration amplitude remains very small. Obtain the vibration

amplitude of the plate for the steady state of the forced vibration.

6/11



IT.

As shown in Figure 2-2, consider the machine that controls its rotation
angle by the propellers set on both ends of the rigid body A. The rigid
body A rotates only around the center of gravity G in a plane. The
propellers produce propulsive forces f perpendicularly to the center axis
B at the both ends of the rigid body A. The propulsive forces f are
applied at the left and right ends of the rigid body A, as shown in Figure
2-2. The propellers are set at a distance % from the center of gravity G.

The rotation angle of the rigid body A is defined as 6, and the target
angle is defined as 6. The moment of inertia of the rigid body A around
the center of gravity G is noted J. A torque c6, the direction of which is
opposite to the rotational velocity, is applied to the rigid body A as a
rotational resistance, where ¢ represents a positive constant. The
variations in time t of the propulsive forces, rotation angle, and target
angle are noted f(t), 6(t) and 64(t), respectively, and their respective
Laplace transforms are noted F(s), @(s) and O;(s). Answer the

following questions.

/11



(1) Derive the transfer function from F(s) to O(s).

(2) Consider the case where F(s) given in Equation (2-1) is used to
conduct PD control of the rotation angle 6. The positive constants
k; and k, represent gains for the PD control.

—kgsO(s) + k,[O07(s) — O(s)] L E(s)

Fls)= 1+71s (2-1)

The outputs of the propellers are modeled as first-order lag systems,
and the time constant is defined as 7. The output F(s) contains the

error which is defined as F,,.(s). Derive the error between the target
angle and the actual angle O;(s) — 0(s).

(3) Based on the result of Question (2), consider the case where both
0r-(t) and f,,-(t) are unit step inputs, where f,,-(t) is defined as
the inverse Laplace transform of F,,.(s). Derive the error between
the target angle and the actual angle 6,(t) — 6(t) after sufficient
time has passed.

(4) In this question, assume ¢ =0 and F,..(s) = 0. Consider the case
where F(s) given in Equation (2-2) is used to conduct PD control of

the rotation angle 6.

—kqs0(s) + k,[07(s) — O(s)]

F(s) = 1+7s (2-2)

Derive the condition on k; and k, to stabilize the control of the

rotation angle of the rigid body A.
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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 sheet for Question II.

I. Figure 3-1 shows a schematic diagram of a drilling machine consisting
of parts®~® while fabricating a workpiece with a downward force on

the handle. Answer the following questions.

(1) Table 3-1 shows the relationships between the parts that directly
interact with each other. Describe the relationships corresponding to
(a)~(f). respectively, including direction of force or direction of
motion restraint, according to the examples (#¢1) and (5¢2).

(3%1): “@ acts O with an upward force”.

(3%2): “D restrains motions of @ other than up and down

directions™.

(2) Describe the functions that the multiple-part combinations
(1H)@®®@ and (ii))D@E have on the parts group ® @, in around

15 words for each.

(3) Draw one schematic diagram of a drilling machine that does not

use the link mechanism used in Figure 3-1.

l +———1Post
(2Handle i :

' ——@Movable part
®Motor—— | O . ——& Compression spring
Drill < 3Lk

B =%
Workpiece —— :
Figure 3-1
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Table 3-1
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II. Consider the design of a 3-axis machining center. The strokes of the
translational axes (X, Y, and Z directions) are 500 mm, respectively.
Answer the following questions regarding the design to realize a high

precision machine tool.

(1) A machine tool is designed considering the "copying principle".

Explain the meaning of the "copying principle".

(2) The dynamic rigidity of the 3-axis machining center is closely
related to the vibration during machining and has a great influence on
the machining accuracy. (a) Explain how to evaluate the dynamic
rigidity. (b) Describe the design policies to improve the dynamic
rigidity from the three viewpoints of damping property, mass and static
rigidity of the 3-axis machining center, respectively.

(3) There are many heat sources in and around the 3-axis machining
center, and the thermal deformation of the machine structure has a
significant influence on the machining accuracy. (a) Give the heat
source that has the greatest impact on the machining accuracy. (b)
Describe the most effective design policy to address the thermal
deformation problem caused by the heat source of (a) of Question (3).
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