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FY2024 Department of Mechanical Engineering

Master Course Program Entrance Examination

“Mechanical Engineering” (Part 2)

2023/8/29(Tuesday) 13:00~16:00

Instructions
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1=

8.
1

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 [ and Ilin a Problem,
use one answer sheet for one Question. If there are Questions I ,II and Il 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 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.

I. As shown in Figure 1-1, a rectangular plate of dimensions
30 mm X 303 mm is formed by welding two triangular plates. The
rectangular plate is subjected to a tensile stress of 20 MPa in the x-direction
and a compressive stress of 10 MPa in the y-direction. Since the width of
the weld line is sufficiently thin and also the weld line has the same Young’s
modulus and Poisson ratio with those of the two triangular plates, the stress
field of the rectangular plate is assumed to be uniform. The Young’s
modulus, the Poisson ratio, and the thickness of the rectangular plate are

192 GPa, 0.2, and 1 mm, respectively.
(1) Obtain the inner force vector acting on the weld line.
(2) Obtain the normal stress acting perpendicular to the weld line.

In the following, consider the case where the same rectangular plate is
subjected to the normal stresses gy and g, and the shear stress gy, as

shown in Figure 1-2.

(3) As shown in Figure 1-2, three strain gauges a, b and ¢ are arranged
parallel to the x-direction, y-direction and weld line, respectively.
The following strains were obtained: &, = 1100 x 1078,

g, =200 X 107%, and &, = 200 x 107°, respectively. Obtain the values
for the stresses gy, gy, and 0y,y.
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II.  Answer the following questions concerning a uniform cylindrical solid
bar of length L. The cross-section of the bar is circular with a diameter d
and the d is much smaller than the length L (d « L). The mass density of
the bar and the magnitude of gravitational acceleration are denoted by p

2

and g, respectively. Regarding the sign of the stress, a tensile stress is
given by a positive value.

(1) As shown in Figure 1-3, the bar is placed on the horizontal floor
vertically. Obtain the normal stress on the cross-section at the

distance x from the upper end A.

(2)  As shown in Figure 1-4, the Cartesian coordinate system (y, z) is
defined so that its origin O corresponds to the center of the circular
cross-section of the bar. Prove that the area moment of inertia with
respect to the y-axis is nd*/64.

(3) As shown in Figure 1-5, the bar is pinned on the horizontal floor at
the bottom end B and supported by the smooth vertical wall at the
upper end A. The bar is inclined at the angle @ (8 >0) with respect to
the horizontal floor. A reaction force at the upper end A from the
vertical wall is generated in the horizontal direction. Obtain the

magnitude of this reaction force.

(4) Obtain the bending moment on the cross-section of the bar at the

distance x = xo from the upper end A, as shown in Figure 1-5.

(5) Obtain the maximum normal stress on the cross-section of the bar

at the distance x = xo from the upper end A, as shown in Figure 1-5.
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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 single degree-of-freedom system consisting of the mass m,
the spring having a spring constant k, the viscous damper having the
damping coefficient c, and the immobile table, as shown in Figure 2-1. The
mass m is connected to the immobile table via the spring and the viscous
damper. Consider the steady state response of the system when the
sinusoidal external force F, whose amplitude is A and angular frequency
is w, is applied on the mass m in the vertical direction (the direction of
the x-axis). The displacement of the mass along the x-axis is represented
by x. The effect of gravity is not considered.

(1) When the undamped natural angular frequency is p and the
damping ratio is , show that the equation of motion of the single

degree-of-freedom system can be written as Equation (2-1).
£+ 2pix +pPx = —F 2-1)
You can use p and { to answer the following questions.

(2) Obtain the amplitude of the displacement x.

(3) The force T exerted by the single degree-of-freedom system on the
table is expressed by Equation (2-2):

T =cx+kx (2-2)

Obtain the transmissibility (amplitude ratio) of the force T to the
external force F.

(4) At a certain angular frequency w, the transmissibility obtained in
Question (3) possesses the same value for all values of ¢. Find such

an angular frequency w.
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II.  Consider the parameter tuning of PID controller. Answer the following
questions.

Firstly, consider a transfer function Gy(s) = ﬁ .

(1) Find the gain |Gp(jw)| and the phase £ Go(jw).

(2) Calculate the angular frequency @ when the phase £ Gy(jw) is
equal to —45 degrees. Also, draw the gain plot of G,(s) using
asymptotes.

Next, consider the feedback control system shown in Figure 2-2 for a

plant G(s) = where R(s), E(s) and Y(s) represent the Laplace

@s+1)*
transforms of the reference input 7(t), the control error e(t) and the

controlled variable y(t), respectively. The transfer function of the
controller is noted H(s).

R(s) o, S0 Y(s)

Figure 2-2

A 4

(3) Consider the case where the controller is a P controller. Find the
gain (ultimate gain) K,, attained by the feedback control system at
its stability limit and the period of the oscillation (ultimate period)
T, at the stability limit.

(4) The PID parameters are tuned according to Table 2-1 using K, and
T, obtained in Question (3). Calculate the steady-state error to the
reference input R(s) having a unit step input in the case where the
controller is a P controller. In the same way, calculate the steady-

state error in the case where the controller is a PID controller.



Table 2-1

Controller K, T; Ty
P controller 0.5K,,
PID controller 0.6K,, 0.57;; 01257,

K,: proportional gain, T;: integral time, Ty: derivative time



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. A feed screw consists of a screw shaft with an external thread and a stage
with an internal thread. The rotation of the stage is constrained so that the
stage moves translationally when the screw shaft rotates. Answer the

following questions regarding the design and manufacturing of feed
SCrews.

(1) A feed screw must have an appropriate clearance in the axial
direction between the external thread and the internal thread.
Describe the problems likely to occur during the feed screw
operation in the following two cases: the clearance is larger and the

clearance is smaller than the appropriate clearance, in approximately
20 words, respectively.

(2) To move the stage of a feed screw, a screw shaft is usually used in
combination with linear motion guides, as shown in Figure 3-1.
When two pairs of motors and screw shafts are arranged in parallel as
shown in Figure 3-2, describe the problems likely to occur during the

feed screw operation with reasons, in approximately 20 words.

(3) Describe two methods of manufacturing metal screw shafts.
Explain the advantages of each method with reason, in approximately
15 words, respectively.
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II. Consider the feed screw lifting a stage in the vertical direction as shown
in Figure 3-3. The feed screw consists of the screw shaft with an external
thread and the stage with an internal thread. The rotation of the stage is
constrained so that the stage moves translationally when the screw shaft
rotates. The motor rotates the screw shaft at a constant speed so that the
stage is lifted vertically at a constant speed. When the effective diameter
of the feed screw is d, the lead is L, and the dynamic friction coefficient
of the thread surface is p, the lead angle B (0 < < m/4) and friction
angle p (p > 0) are expressed as tanff = L/nd and tanp = pu,
respectively. The torque T required to lift the stage is given by the
following equation:

magd
T = tan(f +p) ,

2

where m is the mass of the stage, and g is the magnitude of gravitational
acceleration. Answer the following questions. The feed screw in Questions
(1)~ (4) has a square thread profile.

(1) The feed screw efficiency n is expressed as mgL/2nT. Explain the
meaning of the terms 2nT and mgL from the viewpoint of the feed

screw efficiency, using approximately 15 words for each term.

(2) Explain the effect of the thread surface friction on the feed screw

efficiency, using approximately 20 words.
(3) Obtain an expression for f that maximizes 1 using only p.
(4) Obtain the maximum value of 1 as a function of tan f.
(5) Explain why a square-thread screw is more efficient than a

triangular-thread screw from the viewpoint of the thread angle, using
approximately 50 words.
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