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FY2016 Department of Mechanical Engineering

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

2015/9/1(Tuesday) 13:00~16:00

Instructions

Do not open the exam booklet until you are instructed to begin.

Answer all Questlons in Problems 1, 2, and 3.

If you find some 1nc0mplete 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 II 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 is not enough, you may also use the backside. If the space
is still not enough, ask the proctor for an additional answer sheet.

6. On each answer sheet, write your 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.

7. .Answer sheets with symbols and signs that are not related the answers may be
judged invalid.

8. Hand in all the answer sheets even if you have not used them.

9. You are provided with 3 worksheets. Write your registration 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.

1. As shown in Figure 1-1, both the bar (D, having the length L and the cross-sectional
area A1, and the bar @, having the length L and the cross-sectional area Aa, are
horizontally set and rigidly fixed at the left ends of the bars vertically to the rigid wall.
Both the bars are connected at the right ends with the rigid body. When the horizontal load
P is applied to the rigid body of the right ends in the right direction, the horizontal
displacement of the rigid body is . The elongation of the bar @ is equal to that of the
bar @), and the rigid body at the right ends is not rotated. The influence of the bars’
weights is negligible. The bar @ is an elastic- perfectly plastic body, having the relation
between stress and strain as shown in Figure 1-2, which was obtained by the uniaxial
tensile test. That is to say that the bar (D is a linear elastic body (Young’s modulus E1)
until the stress reaches the yield stress oy , and a perfectly plastic body such that the strain
increases under the constant stress oy after reaching the yield stress. The relation between
stress and strain is shown as a dotted line in Figure 1-2, so that both the strain and the
stress decrease along the line having the slope E1 by unloading after reaching the yield
stress. The bar @ is a linear elastic body, having an sufficiently high breaking strength.
Changes in the cross-sectional areas by deformation are negligible.

(1) Obtain the values of the displacement » and the load P, when the horizontal load P
gradually increases from the initial state, and the stress of the bar (D reaches the yield
stress oy for the first time.

(2) The horizontal load P still increases after the first yielding. Obtain the displacement u,,
when the horizontal load P reaches P, under the condition that neither bar O nor the bar
@ is broken.

(3) Obtain the stresses and strains of the bar @O and the bar @, respectively, when the
horizontal load P gradually decreases and becomes 0 after reaching Ps.

12
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IL.  Answer the following questions about the straight beam with the length L, which is
horizontally set so that the both ends are simply supported, as shown in Figure 1-3. The
cross section of the beam is square with side length . The mass density, Young’s
modulus and Poisson's ratio of the beam are p, E and v, respectively. The coordinate
system is set so that the left end of the beam is origin, axis line tracing the centers of the
gravity in each cross section is identical with x-axis, and the z-axis is set to the vertical
downward direction as shown in Figure 1-3. Gravitational acceleration is g.

L

a
rad
> X Y« $a

A4

Figure 1-3

(1) Obtain the moment of inertia of area [ around the y-axis as shown in Figure 1-3.

(2) Consider. an infinitesimal length dx along the x-axis. Figure 1-4(a) shows a
magnified illustration of the infinitesimal length dx. Suppose that the infinitesimal
length dx is bent on the x-z plane by the bending moment M (positive in the arrow
direction) as shown in Figure 1-4(b). Both NN in Figure 1-4(a) and NN/' in Figure

- 1-4(b) indicate the neutral plane. Both AB and C'D' in Figure 1-4(b) cross each other
at the point O by extending both the lines. NN;' is on an arc, and its radius of
curvature is ». Obtain the normal strain & on PQ' by using » and z*, supposing that
the coordinate of PQ in the z-axis is z*.

@) | | ()
" Figure 1-4
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(3) Suppose that the deflection in the z-axis is w, the moment of inertia of area around
the y-axis is I and the bending moment on the y-z plane is M. Derive the formula (1),
which is the fundamental equation of beam bending under the condition that the

angle of inclination slope is- sufficiently small. Use the formula (2), which is derived
from the geometrical relation, if necessary.

2
M=—Ef‘ix—‘f ey
1_ &
= ®

(4) Obtain the deflection w evoked by the own weight of the beam.

" (5) Obtain the distribution of the normal stress ox along the z-axis, which is evoked at

the cross section at x =§ )

(6) Obtain the distribution of the normal strain g, along the z—éxis, which is evoked at

the cross section at x =§.
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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.

I. As shown in Figure 2-1, consider a single pendulum of one degree of
freedom, where the mass of the pendulum is m, , distance from the

supporting point O to the center of mass G is /, and the swing angle is
& . The single pendulum is attached by the dynamic damper whose mass,
spring constant, and :damping constant are m,, k, and ¢, respectively.
The dynamic damper can move along the slider in the radial direction with
negligible friction, and when the single pendulum is at rest vertically
downwards, the center of mass of the weight is located at a position /,
apart from the supporting point O. The displacement of the weight from
the position of static equilibrium is u . Gravity g ~works vertically
downwards. When an impulsive force in the x-direction was applied to the
center of mass G of the single pendulum at the static equilibrium state,
the single pendulum started to swing and the weight of the dynamic damper
started to oscillate along the slider. Answer the following questions.

(1) Describe the kinetic energy and the potential energy of the system
with the static equilibrium position as a reference point, and describe
the Lagrangian.

(2) Derive the equations of motion for rotation and translation using the
Lagrangian. Note that the damping force is a non-conservative force.

(3) Describe the damping force to suppress the swing of the single
pendulum generated by the radial velocity of the weight of the dynamic
damper.

(4) Assume that the natural angular frequency (2 of the single
pendulum with the dynami'c damper is a constant independent of the
position of the dynamic damper’s weight. Describe the relationship
among m,, k,and {2 tomost effectively excite the oscillation of the

weight of the dynamic damper.

16
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Consider a single pendulum which consists of the spherical weight and
the rigid rod connected to the fulerum point P, swinging in the ¥Z plane
as shown in Figure 2-2. The spherical weight at the end of the single
pendulum includes a gyro system consisting of a rotor (a circular disk with
a uniform density and negligible thickness), a gimbal and motors. The motor
1 rotates the rotor and the motor 2 drives the gimbal. The rotor mass is m,
the weight mass including the rotor is M , and mass of other components
is negligible. The center of gravity of the weight including the rotor

corresponds to the center of the spherical weight O. The one coordinate

system, O-xyz, is fixed to the rotor, and another coordinate system,
0 - XYZ, is fixed to the weight, The y-axis corresponds to the ¥ -axis. The

distance from the fulcrum point P to the center of gravity of the weight is
I, the swing angle of the single pendulum is ¢, the tilt angle of the gimbal

is 6, the angular velocity of the rotor about the z-axis is @ (constant),
the rotor radius is #, and the disturbance torque input to the single
pendulum is T, . Gravity g works vertically downwards. ¢, ¢, 6 and

6 are 0 in the initial state. Answer the following questions,

(1) Determine inertia moments of the rotor 7, about the y-axis and

I, about the z-axis.

(2) Derive equation of motion of the rotor about the y -axis and

equation of motion of the single pendulum. Here, the torque generated

by the motor 2 is T, , and use the rotor inertia moments, I, about

the y-axisand 7  about the z-axis, respectively.

(3) Derive the transfer function from the disturbance torque 7, about
the fulecrum point P to the swing angle of the single pendulum ¢,
when 7 inproportionto 6 isinputto the system. The proportional
constant is X,.-Here, both ¢ and @ are small enough to use the
following approximations; sing=g , cos&~1. Ignore & -related

term(s). -

(4) Derive the transfer function from the disturbance torque T, about
the fulcrum point P fo the swing angle of the single pendulum ¢,
when 7_ inproportionto ¢ isinput to the system. The proportional

18
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constant is X,. Here, both ¢ and ¢ are small enough to use the
following approximations; sing~¢ , cosf~1. Ignore & -related

term(s).

(5) Describe the reduction mechanisms of the swing angle of the single
pendulum ¢, when 7, is proportional to ¢ and when T is

proportional to 4 , respectively.

¢ Figure 2-2
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Problem 3

Answer all of the following Questions I, Il and IIL. Use one answer sheet for Question

I and use another answer sheet for Questions II and IIL
I. Consider fastening a bolt with a square thread. Answer the following questions.

Figure 3-1 shows a model of a thread part when the bolt with the square thread is
fastened. The thread part of the bolt is assumed as a slope, and an internal thread

slides and climbs the slope. The lead angle and the coefficient of static friction at the
thread part are & and g, respectively. The forces F, W and f correspond to

the force to rotate the internal thread in the tangential direction, the axial force and

the friction force, respectively.

(1) Obtain the smallest coefficient of static friction x using &, so that the bolt

is not spontaneously loosened without bolt-loosening force, i.e., F=0.

(2) Obtain F required to fasten the bolt using W, x and 6.

Figure 3-1

Next, consider fastening plates using a bolt and a nut with square thread. Two plates
are fastened by the bolt and the nut, and an external force P is applied in the
direction parallel to the plates, as shown in Figure 3-2. Note that the nominal
diameter of the thread is d , and the plates are rigid bodies.

(3) Obtain the smallest d so that the shear stress in the bolt does not exceed

the allowable shear stress of the bolt when the friction force between the two

2%



plates is ignored. Write the answer using the external force P and the
allowable shear stress of the bolt &,. Note that the diameter of the bolt at the

position where the shear force is applied is d, and ignore the leaning of the
bolt. | '

(4) In practical fixing of plates, the plates are fixed by the friction between the
plates. In order to prevent the plates from sliding, an axial force of the bolt

which generates the friction force is reqﬁired. Obtain the smallest 4, using
the-external force P, the yield stress of the bolt o,, the coefficient of static

friction between the plates ' and the safety- factor §, so that the bolt is not
yielded by the axial force of the bolt. Note that the root diameter of the bolt,

i.e., the diameter of the cross section contributing to the yield of the bolt, is
a times d(a<1).

(5) In the case of Question (4), determine the smallest 4 {mm], when
P=900 N, ¢,=300 MPa, ¢=0.8, #'=0.4 and S=2. Note that d is an

integer.

(6) In the case of Question (4), obtain the smallest fastening torque to generate
an axial force W' for fixing the plates, using the axial force W', the nominal
diameter of the thread d, the coefficient of static friction of the thread i,

and a. Assume that F in the model in Question (2) represents the force at

-+
the effective diameter of the thread, lTad. The pitch of the thread is

assumed to be (l-a)d .

(7) Consider the plates are fastened by a bolt whose nominal diameter of the
thread is d obtained in Question (5). Determine the smallest fastening torque

with two-digit accuracy, so that the plates do not slide even though an external
force P=900 N is applied, using the result in Question (6). Note that i

=0.20, u4'=0.40 and a=0.80.

21
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II. Consider fixing a seat post to a frame of a bicycle using a bolt, as shown in
Figure 3-3. Figure 3-4 shows a simplified model of a cross section of the fixed part.

Answer the following questions.

(1) When a force of 1.0 kN is applied in the axial direction of the‘ seat post,
determine the axial force of the bolt, with two-digit accuracy, required to
prevent the seat post from sliding. Here, the coefficient of friction in the contact
area between the seat post and the clamping part is 0.40, the safety factor is 2.0
and the outer diameter of the seat post is 30 mm. Note that the thickness of the
clamping part is much smaller than the outer diameter of the seat post, and the
bolt is close to the contact area, i.é., the axial force of the bolt is equivalent to

the tension of the clamping part.

(( (2) When the bolt is fastened until the axial force reaches the value obtained in
Question (1), determine the smallest torque M that causes the seat post to

rotate, with two-digit accuracy.

Seat post
Clamping part
Bolt

Figure 3-4
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III. Answer the following questions about practical fastening using a hexagon head
bolt and a hexagon head nut. Note that the threads of the bolt and the nut are
triangular threads.

(1) When a fastened bolt fails due to an axial force, show the position where the
failure most likely occurs, by drawihg a cross-sectional diagram of the fastened

bolt and the fastened nut, and explain the reason in around 30 words.

(2) In general, fastening force of a bolt and a nut is controlled by the fastening
torque instead of the axial force. Describe one advantage and one disadvantage

of this method in around 30 words, respectively.

(3) A fastened bolt and a fastened nut can be loosened due to a repetitive load in
the direction perpendicular to the axis. Give two examples of the methods that

suppress the bolt loosening, and describe the reason(s) in around 30 words for

each.

(4 _Mass~produced small bolts are generally manufactured by rolling process
instead of cutting process. Describe two advantages of the rolling process in

around 30 words.
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