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FY2022 Department of Mechanical Engineeri-ng'

Master Course Program Entrance Examination
“Mechanical Engineering” (Part 2)

2021/8/3 1(Tuesday) 13 :00~16:00

~Instructions

N

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 II 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 8 worksheets even if you have not used them.

11. You may take home the exam booklet.
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Problem 1

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

Question I and another one for Question II.

I. As shown in Figure 1-1, a beam AB of length 4/ is simply supported at
the ends and a beam CE of length 2/ which is simply supported at the ends
resting on the beam AB. A concentrated lodd P is applied at the midpointl‘D
of the beam CE. The beams AB and CE have the same flexural rigidity EL
Answer the following questions. '

(1) Draw the shearing force and bending moment diagrams for the beam
CE. |

(2) Draw the shearing force and bending moment diagrams for the beam
AB. '

(3) Obtain the vertical displaéemeﬁt of point D.

P
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Figure 1-1°



I1. Consider a thin-walled cylinder vessel with an inner radius » and wall
thickness f{ <« r), as shown in Figure 1-2. The thin-walled cylinder is closed

at both ends and is subjected to the inner pressure P. The material is
assumed as a perfect elastic-plastic solid with a yield stress o;.

Figure 1-2

(1) Obtain the axial-direction stress o, and circumferential stresso, .

(2) Obtain the principle shear siresses 7,,7,,7, and von Mises stress
Oyises- HeEre, the radial-direction stress o, is assumed to be zero. The

von Mises stress is expressed by the equation shown below, where
0\, 0,, 0, denote the principle stresses.

Optices =\/%{(o-l —-0'2)2 +(cr2 —0'3)2 +(o —0'3)2}

’

(3) Obtain the inner pressure Pr at-which plastic collapse occurs.



Next, consider the case that the thin-walled cylinder vessel'in Figure 1-2
involves a long surface crack of depth a( <) on the outer surface, as shown
in Figure 1-3. Here, the stress intensity factor Ki (mode I) of the crack is
expressed by the equation below. Here, C is a constant. The critical stress
intensity factor (fracture toughnéss) of the material is Kic.

K, =Coyza ‘

.
—

b |

\@ 3 crack

Figure 1-3
(4) Obtain the inner pressure P, at which crack propagation occurs.
(5). Obtain the crack depth a; at P, = P;.

(6) The thin-walled cylinder vessel is assumed to be fractured by the
crack prbpagation or the plastic collapse. Illustrate the graph showing
the dependence of the inner pressure on the crack depth @ at which
fracture occurs. | |



Problem 2

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

I. As shown in Figure 2-1, consider two pendulums where each of them is
composed, of a massless rod and two masses M and m. One pendulum has a
spring connected to the wall with a spring constant k&. The lengths from
the rotation center of pendulums to each mass and to the spring are shown
in the figure. Answer the following questions under the assumptions of
small amplitude of vibration with the neutral position of the condition in
Figure 2-1, and gravitational acceleration g.

(1) Obtain the natural frequency of the pendulum without the spring,
assuming Mc < mb.

(2) Obtain the natural frequency of the pendulum with the spring when

vibrating.

(3) Vibration may not occur if the spring constant & is small. Obtain the
condition at this case, assuming M¢ > mb.

M M

b . 000 b

Figure 2-1



As shown in Figure 2-2, consider the system of the two pendulums
connected by the spring. ' ‘

(4) Obtain the equations of motion for the system, assuming Mc < mb.

(5) In Question (4), only the first order natural vibration may appear
" without deformation of the spring, in which two pendulums vibrate in
synchronization. Obtain the first order natural frequency of the
system at this time.

(6) Obtain the second order natural frequency of the system and its
eigen mode, assuming M = 0 for simplicity.

Figure 2-2



II. Consider a feedback control system as shown in Figure 2-3, where
R(s), E(s) and Y(s) represent the Laplace transforms of the target

value' r(f), the error e(t) and the output y(#), respectively, while P(s) |
and G(s) represent the transfer functions of the plant and the controller,

respectively.

R(s) + E(s)p 7s)

P(s)

A 4

- Figure 2-3
(1) Obtain the transfer function from the target value to the error.

The transfer function of the plant is defined as Eqﬁation (1), while the -
transfer function of the.controller is defined as Equation (2) assuming PD

control is applied.

1 | | W

Pls)= st +s5-1
G(s)=as+b (2)

where a and b are constants.
(2) Obtain the characteristic function of the feedback control system. -
(3) Obtain the condition stabilizing the feedback control system.

Assume the feedback control system as shown in Figure 2-3 is stable in the

following questions.

(4) Obtain the damping ratio of the feerdback control system,



(5) Obtain the final value of the error when the target value is a unit
step function. '

Consider a noise V(s) is applied to the system as shown in Figure 2-4.

V(s)

By Y
O P G0 b PO s

Figure 2-4

(6) Derive the transfer function from the noise to the output. Then,
obtain the final value of the output when the noise is a unit step
function.

(N Obtain the condition mak.ing.the gain of the output to the noise
less than or equal to the absolute value of the final value obtained in
Question (6) for any frequency.

(8) DBased on Questions (5) and (7),. state how to determine constants
a-and b to reduce the steady-state error and effect of the noise on
the output in about 30 words.



Problem 3

Answer both the following Questions I and II. Use one answer sheet for-
Question I and use another one for Question II.

I. Consider a force sensor using a structure which has thin plates parallel to
each other shown in Figure 3-1. The denéity and Young’s modulus of the
material of the structure are p and FE, respectively. The width and the
height of the structure are b and 7, respectively. The length of the tip
part, the length of the thin plates and the thickness of the thin plates are a,
L and ¢, respectively. Here, the mass of the thin plates is negligible and
the other parts of the structure can be regarded as rigid bodies. Answer the
following questions.

l—’ x Thin plate r’ y

z

Figure 3-2



(1) When a force F, is applied on the tip part of the structure, it

deforms as the schematic diagram shown in Figure 3-2, Express the
displacement of the tip part by F, inthe z-directionusing F,, E,
b, L and t. Here, each thin plate can be regarded as two
cantilevers of length L/2 facing each other.

(2) Expressthe maximum x-direction strain in the thin plates using F,,
E, b, L and t in the case of Question (1).

(3) The force E ‘must be determined so that the thin plates do not
plastically deform. Find the condition that F, should meet, in case
that the thin plates deform plastically when the strain in Question (2)
exceeds 0.2%. Here, E=60GPa , »=20mm , L=20mm and
t=02mm. ' ‘

‘(4) This force sensor is used under a condition where it does not
resonate. Consider the natural frequency of the structure itself. Obtain

the primary natural frequency of the thin plates with two significant
digits when p=25g/em’ and a=15mm. Here, approximate

—1--~0.16.

27

(5) Describe how to change the dimensions of the structure for doubling
the displacement in the z-direction of the tip part without changing
its primary natural frequency obtained in Question (4), when F, is
applied.

(6) Four strain gauges are attached to the structure as shown in Figure
3-3, for detecting the force F,. The method of detecting the force
with four gauges has advantages compared to the method using only
Strain gauge 1. Describe two of the advantages and their reasons in
around 30 words, respectively. In addition, draw the bridge circuit
configuration with four strain gauges for obfaining these advantages.



Strain gauge 1 - Strain gauge 2

Strain gauge 4 ~ Strain gauge 3

Figure 3-3

(7) Consider a touch panel using four force sensors as shown in Figure
3-4. The output of the force sensors 1, 2, 3 and 4 are K, F,, F, and
F, , respectively, when a force F, perpendicular to the panel is
applied to a point P(u, 1;) on the panel. Express the force F; and its
position (u,v) using E, F,, F, }54, ¢ and d.

Force sensor 3

Force sensor 2

Figure 3-4



II. Answer the following questions regarding a pneumatic cylinder.

(1) Pressures B and P, (B >R) are applied in the pressure chambers
of a pneumatic cylinder with a cylinder inner diameter of D and a
piston-rod diameter of ¢ as shown in Figure 3-5. Express the force
loaded to the piston F using D, d, B and P,. In addition, obtain.

- B with two significant digits at F=100N, D=20mm, d4=6.0mm
and P, =0.10MPa.

(2) The piston rod of the pneumatic cylinder shown in Figure 3-5 moves
with a velocity ¥ . As shown in Figure 3-6, the gap between the piston’
and cylinder is filled with lubricant and the force applied to the piston
is balanced with the viscous resistance of the lubricant. When the
length of the piston is L, the clearance be‘tween the piston and cylinder
is ¢ and the viscosity coefficient of lubricant is 4, answer the
following questions. -

(2-a) Express ¥V with ¢, D, L, u and F . Here, ¢ is much
smaller than D . In addition, when ¢=0.020mm, D=20mm,
L=10mm, u=080Pa-s and F=10N, obtain ¥ with two
significant digits. , '

(2-b) Now, the materials of the piston and cylinder are an aluminum
'alloy and a carbon steel, respectively. When the operating
environment temperature in Question (2-a) increases by S0K
and the entire pneumatic cylinder thermally expands, obtain ¢ -
with two significant digits. Here, the linear coefficients of
expansion of the aluminu‘m‘alloy and the carbon steel -are
2.0x10° K™ and 1.0x10° K™, respectively. At this timé, the
viscosity coefficient of lubricant decreases to 0.50 times. Obtain
how large V becomes in Question (2-a) with two significant
digits. ' '

(3) Consider manufacturing a cylinder cover as shown in Figure 3-7 with
a material JIS §45C (ISO C45). Answer the following questions.



(3-a) Consider the design of the machining process when the
~ cylinder cover is manufactured with general-purpose machine
tools (lathe, milling machine, drilling machine). The example in
Table 3-1 means “At the process number 1, using lathe, chuck
face @, machine face @. At the process number 2, using lathe,
chuck face(D, machine face ®&.” Write the process until the
manufacturing is fihished, following Table 3-1.

(3-b) Consider this material is polished and etched. Select the
observed optical microscope image from Figures 3-8 (i)~ (iii).
In addition, answer the names of microstructures A and B in
each figure.

(4) Describe one advantage and one disadvantage of a pneumatic cylinder
compared to a hydraulic cylinder, and their reasons in around 30 words
for each.

'my
P,
Cylinder  Piston Piston rod

Figure 3-5

©

g

Figure 3-6



Figﬁre 3-7

Table 3-1
Process Machine . Chuck Machined
number tool face(s) face(s)
1 Lathe @ @
2 Lathe ) ®
3

Figure 3-8
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