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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 supervisor.
Make sure that you have all 6 answer sheets. Let the supervisor know otherwise.
Use 2 answer sheets for each Problem. In case there are 2 Questions in a Problem,
use one answer sheet for one Question. If the space on the front side of the answer
sheet is not enough, you may also use the reverse side. If the space is still not
enough, ask the supervisor for an additional answer sheet.

On each answer sheet, write your registration number (5% &) and the Problem
number (BfE#FE) in the designated boxes. If you fail to do so, the answer sheet
may not be graded. Write “Mechanical Engineering (Part 2)” in “Subject (£ H%)”.
Leave “(# ./ #2#)” blank unless you use an additional answer sheet for the
Problem.

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

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

You are provided with 3 worksheets. Write your registration number on the upper
left corner of each worksheet.

10. Turn 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, bar AB is pinned to the ground at end B. End A
is supported by the smooth vertical wall. The angle between AB and the
ground is 8. The length, width and height of bar AB are 2/, » and A,
respectively. b and & are sufficiently smaller than /. Young’s modulus of
bar AB is E. The vertical force toward the ground, P, is applied to the
center of the bar, poiﬁt C. Answer the following questions.

(1) Obtain the reactive force from the vertical wall, R, and the reactive
force from the ground, Q.

(2) Take the x axis from end A along AB. Obtain the distributions of
the bending moment, M(x), and the axial force, N(x), between end A

and end B.

(3) Obtain the distribution of normal stress on the cross section of the
bar'at D which is at the center of BC.,

"
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Figure 1-1
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II. A circular bar of diameter » (=1 mm) and length / (=100 mm) is attached
to a rigid wall. The bar is subjected to an axial force F and a torsion
moment 7=WL, as shown in Figure 1-2. Two strain gages a and b are
mounted on the location P, which is //2 apart from the rigid wall, as shown
in the figure. Young’s modulus and Poisson ratio of the circular bar are
200 GPa and 0.3, respectively.

(1) In the case of 7=0 N: mm and F=314 N, obtain the strain values ¢,
and g, of the strain gages a and b, respectively.

(2) In the case of T=T [N mm] and F=314 N, g, was -1.50x10>.
Obtain 7.

(3) In the case of Question (2), obtain the principal stresses and the
principal shear stresses (maximum shear stresses) at the location P.

Strain gage b

Strain gage a

Enlarged view of P

Figure 1-2



Problem 2

Consider the system where the axles of the internal combustion engine and
the DC motor are connected with the constant velocity joint as shown in
Figure 2-1. The constant velocity joint, the axles of the internal combustion
engine, and the DC motor are rigid bodies, and the total moment of inertia is
J. The torque produced by the internal combustion engine is T, the torque
produced by the DC motor is 7, and the angular velocity of the axles is Q.
In addition, the arrows in Figure 2-1 represent the positive directions of the
torques and the angular velocity.

Consider controlling the angular velocity of the axles at a constant value by
supplying voltage, u, to the terminals of the coil of the DC motor. The

relationship between the electric current in the coil of the DC motor, i, the
induced voltage, v, and the angular velocity, €, is written as

r=—fi (1)
v= ¢Q (2)
where ¢ is a constant called the motor constant. When the internal resistance

of the DC motor is R and the voltage supplied to the DC motor is u, the
electric current, i, is written as

f:ﬂ?”. (3)

At first, we consider the case when the toque produced by the internal
combustion engine is unchanged from its initial value 7.

Internal combustion engine
+ DC motor Torque 7 Torque T a
Control
(Voltage) u K
- Angular
Constant velocity joint ‘glomty
Figure 2-1
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(1) Derive the equation of motion for the rotational axles.

(2) Determine the angular velocity of the rotational axles €, at the

steady state when the both terminals are short-circuited, thatis #=0.

(3) Consider controlling the deviation AQ of the angular velocity of
the rotational axles from €, obtained in Question (2), to the target

value » by changing the voltage = with P controller expressed in
Equation (4), where g, is a feedback gain. Determine the transfer

function from the input » to the output AQ.
u=gp (r —AQ) (4)

change the voltage u

(4) Consider applying the PI controller to
g; are feedback gains.

expressed in Equation (5), where g, and
Determine the transfer function from the input » to the output AQ.

u=go(r—AQ)+ g, [ (r - AQ)dr (5)

(5) Determine the requirements for g, and g to ensure stability of

the system with the PI controller.

Next, we consider the case that the engine torque 7 changes by AT as
shown in Equation (6) due to the output fluctuation of the internal combustion
engine during the operation with the PI controller in Question (4).

T =T,+AT (6)

(6) Determine the transfer function from the input AT to the output

AQ, when r=0.

(7) Show that the angular velocity converges to the target value even if
the engine torque changes from 7, to T;+AT. Assume both » and

AT are unit step inputs.

4 '.



(8) Explain the advantage of the PI controller compared with the P
controller on responses of this system to the target value and the
disturbance.

5



Problem 3

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 performing a set of tasks in a design process. Suppose two
tasks ‘o’ and ‘B’ are arranged in the order of ‘¢’ and ‘B’ according to
design process flow. When task ‘B’ uses the result of task ‘o’, a
relationship between tasks ‘o’ and ‘B’ is called “series type” and is
represented as a matrix where an element x is placed in row ‘B’ and column
‘e’ as shown in Figure 3-1 (a). Similarly, a “parallel type” relationship,
where each of tasks ‘a’ and ‘B’ does not use the result of each other and the
two tasks can be performed in parallel, and a “coupled type” relationship,

where each of tasks ‘0’ and ‘P’ uses the result of each other, are
represented as matrices as shown in Figures 3-1 (b) and (¢), respectively.

(a) Series type (b) Paralle] type (c) Coupled type
- o >
Graph
representation e —% P>
—> B
e g 2
Matrix § § §
representation ; \L _;-j \L ;
2 =t 2
= <3 <3

Figure 3-1

(1) Suppose a whole function of a product is designed and two
components 1 and 2 for realizing the -function are designed,
manufactured and assembled by tasks ‘A’ — ‘F’. Here, relationships
among the tasks are represented as a matrix as shown in Figure 3-2.
For each of (i), (ii) and (iii), answer which of the three types in Figure
3-1 it corresponds to and its reason on the basis of contents of the
tasks concisely.

(i) Task ‘B’ and task ‘C’.
(ii) Task ‘D’ and task ‘E’.
(iii) Task ‘E’ and task ‘F’ (same as task ‘D’ and task ‘F’).



A|B|C|DJE|F
" A. Design whole function,
Y B. Design component 1. X X
ks \L C. Design component 2. x| x
_% D. Manufacture component 1,
. E. Manufacture component 2. X
F. Assemble component I and component 2, x| x
Figure 3-2
(2) Suppose tasks ‘A’ - ‘G’ to design a product and prepare

manufacturing are represented as a graph as shown in Figure 3-3.
Obtain its matrix representation as shown in Figure 3-4.

A. Determine requirement

specification. A C
B. Order and purchase manufacturing

device. L: . I—;l -
C. Make and test prototype module. > —
D. Design product module. X

on e}
E. Design dies.
F. Make dies. g JF
G. Design tools for assembling. > |
Figure 3-3

A|B|C|D|E|F]G

Flow of tasks
-
(9] -1 (521 [ [@] [o+] o2

Figure 3-4

(3) In a matrix representation of task relationships, elements in lower
triangular pdrtion indicate feed forward relationships from upper task
to lower task, and those in upper triangular portion indicate feedback
relationships from lower task to upper task. Here, we consider a flow
of tasks to reduce feedbacks from lower tasks to upper tasks as much
as possible which may cause increase in time and cost of process,

i



In a matrix representation of task relationships, if elements in upper
triangular portion are removed or moved as close to diagonal
clements as possible by changing the order of rows and columns,
extent of feedbacks can be reduced. In Figure 3-5 (a), for example, if
task ‘c’, which has no elements in its row, meaning it does not use
other tasks® results, is moved to the top in the flow of tasks, and task
‘d’, which has no elements in its column, meaning it does not provide
result to other tasks, is moved to the bottom, a matrix representation
as shown in Figure 3-5 (b) is obtained. A matrix in Figure 3-5 (a)
contains 1 step from task ‘b’ to task ‘a’ and 3 steps from task ‘e’ to
task °b’ and thus totally 4 steps of feedback, whereas a matrix in
Figure 3-5 (b) contains 1 step from task ‘b’ to task ‘a’ and 1 step from
task ‘e’ to task ‘b’ and thus totally 2 steps of feedback.

N
[N
o —

(b)

Flow of tasks
~—

olalo|o|e
»
e
rFi re
(WS

Flow of tasks
-

Figure 3-5

In the same manner, change the order of tasks in a matrix obtained
in Question (2), obtain a matrix representation with removed or
reduced feedbacks, and compare total steps of feedbacks in the two
matrix representations.

28t



II. Consider fabricating a cubic box structure with side length of 100 mm as
shown in Figure 3-6. The top part is open and the thicknesses of sidewalls

and bottom are 5 mm. Answer the following Questions (1)-(5).

100

‘‘‘‘‘‘‘

Unit: mm

Figure 3-6

(1) When fabricating this box from three materials; @ ADC12
(aluminum alloy), @Polystyrene (resin), @FC250 (ferrous alloy),
choose the most appropriate molding method for each material from
(i)-(ifi). Note @ and @ are written according to JIS.

(i) Sand mold casting (ii) Injection molding (iii) Die casting

(2) List the materials @-@ in Question (1) in the ascending order of
the following properties at room temperature: (i) density, (ii) Young’s
modulus, and (iii) thermal conductivity, respectively.

Next, consider elastic deformations of this box. Ignore buckling and rigid

motion of the box.

(3) When the two equivalent forces are applied as shown in Figure
3-7(a), the top part is elastically deformed as shown in Figure 3-7(b).
Figure 3-7(b) illustrates the exaggerated displacement of the top part.
When the four equivalent forces are applied as shown in Figure 3-8,
illustrate the displacement in the same manner as in Figure 3-7(b).

il



Figure 3-8

(4) Consider reducing the deformation of the top part by strongly
bonding the reinforcing parts on the four sidewalls of this box.
Choose one structure from @ and @ in Figure 3-9 that minimizes
the deformation of the top part when the forces are applied as in
Figure 3-7. In addition, explain the reason for the choice in
approximately one line. Here, the shape of the reinforcing parts on the
four sidewalls in each of © and @ is the same. Furthermore, all
the reinforcing parts are made of the same material as that of the box.

Figure 3-9

207!



(5) Consider the effect of the reinforcing part with a view point of
second moment of area. Here, [ is the second moment of area about
the neutral axis N of the plate with parts with cross-sectional width w
and thickness ¢ as shown in Figure 3-10(a). The two reinforcing parts
with cross-sectional width aw (a < 1) and thickness ¢ made of the
same material as the plate are strongly bonded on the both sides of the
plate as shown in Figure 3-10(b). Obtain the second moment of area
of this reinforced plate [’ about the neutral axis N by using /, @, and 5.

Furthermore, obtain I’ by using /, when a = 0.1, 5 = 0.5.

N- ..+_ S N_...,+._.....,.. N B
:5! aw
W _ W
Figure 3-10
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