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1. Solve the following ODEs. Find the general solution or the particular solution by using

the given initial conditions. Show the detail of your work.
@ yy" =y, ¥(0) = 1,5'(0) = 2. (7%)

) ¥ == (3%)

(c) ¥+ 2y + Zy = e “cosx. (10%)

(@) x3y" - 3x*y" + 6xy’ — 6y = x. (10%)

I1. (35%)
1. (20%)
Find an eigenbasis of matrix A and use similarity transformation to diagonalize it.

A=[l 6}
15 1

2. (15%) A

(2) Given a curve C: r()=[Scost, 5sint,0], find a tangent vector r'(), and the tangent of C at
P: (4, 3, 0). (10%)

(b) Sketch the curve and the tangent. (5%)

IMI. (30%) _
1. (10%) This happens if PDE involves derivatives with respect to one variable only, so that
the other variables can be treated as parameters.
Solve for u=u(x,y) as list:
(@) u,, +16u="0(5%)
() 1, =, (5%)
2. (20%) The faces of the thin square plate in Figure 1 with side a=24 are perfectly insulated.
The upper side is kept at 20°C and the other sides are kept at 0°C.
(a) Find the steady-state temperature u(x,y) in the plate. (10%)
(b) Find the steady-state temperature in the plate with the upper and lower sides
perfectly insulated, the left side kept at0°C, and the right side kept at Ay)°eC.
(10%)

Figure 1: Square Plate
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. (10%) Obtain the transfer function 8(s)/T(s) of the system shown in Fig. 1. If torque
T(¢) is a unit step function with X =1N-m/rad, D =0.2N-m s/rad and J =0. 4444kg-m ,

find the output response 8(r).

@ @)

Fig. 1

. (10%) Consider a unit-feedback control system with the closed-loop transfer function

C(s)  4s+3
R(s) s*+10s+3
steady-state error in the unit-ramp response.

, determine the open-loop transfer function G(s). Also find the

. (10%) Consider a unit-feedback system with two different transfer functions

G,(s) = K(s-2) and G, (s) = K(2-5)
(s+3)(s+6)(s+9) (s+3)(s+6)(s+9)
two systems, respectively.

, plot the root loci for these

. (20%) Consider the system shown in Fig. 2. Design a PD controller (X, and X)) to

satisfy the following performance specifications:-
Steady state error due to a unit-ramp input <0.001
Maximum overshoot <5%
Rise time < 0.005sec
Settling time <0.005sec
In addition, find the range of X, and K, so that the system is stable.

+ 4500

¢ R RS T 361.2)

A 4

Fig. 2
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. (10%) Consider two dynamic systems with transfer functions (571)(5+100)(51000)

100(s+1)e 0015

(s+10)(s+100)°’
systems.

. (10%) Please discuss the reasons why the relative stability of a closed-loop control system

can be measured from the phase and gain margins of its open loop transfer function.

. (10%) Consider a unit-feedback control system as shown in Fig. 3. Based on the
characteristics of the M-circle and N-circle, draw a polar plot of G(s)C(s) that the closed-
loop control system can have a bandwidth better than 50 rad/sec and own a satisfactory

stability.

+ - y(®

1(t) C@) Ges) "

h 4

Fig.3

. (20%) Consider a dynamic system, whose Bode diagram and polar plot are shown in
Fig.4 and 5, respectively. Please guess the possible transfer function of this system
(discuss your answer in details). It is desired to control the system to have a bandwidth
wider than 50 rad/sec. What kinds of control scheme and controller will you adopt to
control the system? Why? In your viewpoint, can such a goal be achieved with a
satisfactory stability? Why? -

respectively. Please draw the Bode diagrams and polar plots of these two

T L T T Nk s e i
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1. ( ) F2F % & 77 (Plane Stress}B X F * Z— B4 LEBZX R AE > S b
oxx=10MPa > 6y,=2MPa’ B 1y y=4 MPa > FH&RTHEAHER?
(A) EXEEHNEL1LTMPa B) RAIXEAIESLE
(C) ZAEE/114% 4 MPa D) sRXEEAME—ZAXY FE L

(E) mE%IE

2. ( ) FRIR—EAXGANTE ﬁﬁ%ﬁﬁ&@?ﬂiﬁ@#&%féﬁ ?
(A) Hertz Equation (B) Sodeberg’s Equation
(C) Modified Goodman’s Equation (D) Miner’s Rule
(B) mE%dk

3. ( ) TR —EAXGANTEIHARLESERFZIRGES?
(A) Hertz Equation (B) Sodeberg’s Equation
(C) Modified Goodman’s Equation (D) Miner’s Rule '
E) R E%F :

(1) Following strains are derived from three strain gages which are located on the free
surface of a loaded body.

&, =0.005 ¢,=0.0] and 7,, =0
Consider the Young's modulus and the Poisson's ration of this body are E =207 GPa
and v = 0.3 respectively.

4. () The principal stress o,,0,,0; at this measured point are
(A) 0,=2.616;0,=1.820and o, =0 GPa
(B) 0,=12.36;0, =0and o, =—-32.36 GPa
(C) 0,=2.616;0,=-2.30and o, =—32.36 GPa
(D) 0,=32.36;0,=1.820 and o, =0 GPa
(E) None :

5. () The maximum shear stress r_,, at this point.
(A) 7, =1.308GPa  (B) r,,, =22.36 GPa
©) 7, =17488GPa (D) 7, =0GPa
(E) None :
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(II) A crank is loaded by a force F=300 Ibf that causes twisting and bending of a 3/4 1nch

diameter shaft fixed to a support at the origin of the reference system.

6. () The bending stress at a stress element A is

(A) o,=19400 psi (B) o, =47100 psi

(C) o, =68900 psi (D) o,=94700 psi (E) None
7. () The torsional stress at a stress element A is

(A) 7. =-14500 psi (B) t_. =—-44500 psi

(C) 7. =14500 psi (D) z,. =44500 psi (E) None
8. () Point A isin a state of

(A) Plane strain state in the xz plane

(B) Plane stress state in the xz plane

(C) Plane strain state in the xy plane
(D) Plane stress state in the xy plane  (E) None

9. () The maximum principal stress at the point A is

(A) 0,=3.82kpsi (B) o,=47.1kpsi

(C) o,=51.2kpsi (D) o,=93.87 kpsi- (E) None
10. () The maximum shear stress at the point A is

(A) T =2.56 kpsi (B) 7, =4.76 kpsi

©) 7 =112kpsi D)z, =27.7kpsi (E)None

-;— in dia.
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(III) A hot-rolled steel has a yield strength of S, =S, =400 MPa. Estimate the
factor of safety for the principal stress states of o, =100 MPa, o, =0 MPa, |
and o, =—100 MPa. :

11.( ) The factor of safety based on the maximum shear stress theory is

(A) SF=4.0 (B) SF=2.30 (C) SF=2.0

(D) SF =0  (E)None

12. () The factor of safety based on the maximum distortion energy theory is

(A) SF=4.0 (B) SF=2.30 (C)SF 20
(D) SF=w  (E)None

13.( ) The factor of safety based on the maximum normal stress theory is
(A) SF=40 (®B)SF=230 (C)SF=2.0
(D) SF=wx (E)None

(III) Assume the stress tensor at a point is

-2 40
[o,]=| 4 -8 0| (MPa)
0 0 0

14.( ) The principal stresses at this point is
(A) 0,=0,0,=0and o;=-10 MPa .
B) 0,=12.36;0,=0and o, =-32.36 MPa
(C) 0,=0,0,=-23.0and o, =-32.36 MPa
(D) 0,=0;,0,=0and o, =-32.36 MPa
(E) None

15.( ) The maximum shear stress at this point is
Az, =50MPa (B)7, =2236MPa (C)r,,, =1618 MPa

(D) r_, =32.36 MPa (E) None

16. () The stress state at this point is
(A) a pure bending stress state (B) a pure torsion stress state
(C) a pure transverse shear stress state (D) a plane stress state (E) None

max

17.( ) The von-Mises stress at this point is
A) r,,, =50MPa (B) 7, =22.36 MPa (C) 7, =16.18 MPa

D) ., =32.36 MPa (E) None

T T
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normal stress o, =150 MPa and o©. =100 MPa . Knowing that the plate is madq,of
steel which £ = 200 GPa and Poison’s ratio v =0.30. ’

¥

r

|
75 mm, 100 mm

6 mm

18.( ) The change in length of edge AB is
(A) +7.5um (B) +10.8 um (C) +60.0um
(D) +120um (E) None
19.( ) The change in length of edge BC is
(A) +7.5um (B) +8.8 um (C) +10.4um
(D) +20.6 um (E) None
20.( ) The change in length of diagonal AC is
(A) +47.5um (B) +60.4 um (C) +101.4pum
(D) +205.6 um (E) None

(IV) A homogeneous plate ABCD is subjected to a biaxial loading which results in the ol

St TN e
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1. Please plot the stress-strain diagrams (not to scale) and denote three specified points (if
necessary) for (a) brittle materials, (b) ductile materials, such as mild ‘steel, and (¢)

nonlinearly elastic materials. (15%)

2.  What two conditions must be valid if the principle of superposition is to be applied?
(10%)

3. A solid shaft of radius c is subjected to a torque 7. Please determine the fraction of T
that is resisted by the material contained within the outer region of the shaft as a
tube, which has (a) an inner radius of ¢/2 and outer radius c, and (b) an inner radius 3¢/4

and outer radius c. (10%)

4. In plane stress condition the normal stresses are -20 MPa and 90 MPa in x and y axes,

and shear stress 60 MPa, respectively. Please find the principal strains and
maximum shear strain with Young’s modulus /0 GPa and Poisson’s ratio 0.3. (15%)
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(1) Show the natural frequency @, of a 1-DOF system with mass m and stiffness k. (10%)

(2) Determine the period of a harmonic motion with an amplitude of 0.05 7 and a frequency
of 10 Hz. (10%) ‘ '

(3) The maximum amplitude and the maximum acceleration of the foundation of a
centrifugal pump were found to be X, =0.25mm and Xy, =0.4 g for its harmonic
oscillation. Determine the operating speed of the pump (rpm). (10%)

(4) An automobile is found to have a natural frequency of 20 rad/s without passengers and
17.32 rad/s with passengers of mass 500 kg. Determine the mass of the automobile by
treating it as a single degree of freedom system. (10%)

(5) The particular solution of the linear sysfem mxX+ci+kx=Fycoswt is given by
xp (t) = X cos (a)t'— @) . Determine the amplitude X of the particular solution. (10%)

(6) The body of arbitrary shape (Fig. 1) has a mass m, mass center at G, and a radius of]
gyration about G of kg. If it is displaced a slight amount 6 from its equilibrium position
and released, determine the natural period of vibration. (10%)

o d
A
4 m/s
_— B
Fig. 1 Fig. 2
g g

(7) If a particle’s position is described by the polar coordinates r = (2 sin20 ) m and 0 = (4¢)
rad., where t is in seconds. Determine the radial and tangential components of its
velocity and acceleration when # = 1s. (20%)

(8) As shown in Fig. 2, Block B has a mass of 0.75 kg and is sliding forward on the smooth
surface with a velocity (v;), = 4 m/s when it strikes the 2-kg block A, which is
originally at rest. If the coefficient of restitution between the blocks is e = 0.5, compute
the velocities of A and B just after collision. (20%)
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Thermodynamics: (65%)
1.

#3RF1RA

(10%, 4518 -F#85%) Calculate the work produced, in kJ/kg, (a) for the reversible process
from state 1 to state 3 of a closed system and (b) for the reversible steady-flow process
1-3.

500-

® ' A
400 \ : @

P, kPa

o o

0s 1
v, mifkg
(10%) An open system is interactive with its surroundings through the mechanisms of]
mass, heat or work transfer. Please describe above what mechanisms can cause the
changes of the energy, the entropy, and the exergy of a control volume, respectively?

(8%,%:18 F%& 2%) A simple ideal Brayton cycle without regeneration is modified to
incorporate multistage compression with intercooling and multistage expansion with
reheating, without changing the pressure or temperature limits of the cycle. As a result of]
these two modifications,

(a) Does the net work output increase, decrease, or remain the same?

(b) Does the back work ratio increase, decrease, or remain the same?

(c) Does the thermal efficiency increase, decrease, or remain the same?

(d) Does the heat rejected increase, decrease, or remain the same?

(12%, 418 -+ #8 6%) Consider a simple ideal Rankine cycle (A) with fixed turbine inlet

conditions. What is the effect of lowering the condenser pressure? (B) with fixed boiler
and condenser pressure. What is the effect of superheating the steam to a higher
temperature?

Pump work input: (2) increases, (b} decreases,
(c} remains the same

Turbine work (2} increases, (D) decreases,
output: (¢} remains the same

Heat supplied: (a8} increases, (D) decreases,
(¢) remains the same

Heat rejected: (8) increases, (b) decreases,

(c) remains the same

Cycle efficiency:  (a) increases, (b) decreases,
, {c) remains the same

Moisture content (3} increases, : (b) decreases,
af turbine exit: (¢} remains the same

T T et S R s

e
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5. (10%) Show that the J oule-Thomson coefficient of an ideal gas is zero.
[ Note that dh = ¢,dT + [v — T(6v/0T)p] dP ]

6. (10%,%-18-F%& 2%) For an ideal Vapor-compresswn refrigeration cycle
(a) Draw the T-s diagram for the cycle. g _
(b) What are the four processes of the cycle?
(c) Write down the energy balance for each process to show how you can calculate
heat or work for each process of the cycle.
(d) Which process provides refrigeration effect?

() What is the COP for the refrigeration cycle? If the cycle is used as a heat pump,
what is the COP?

7. (5%,518-F2& 1%) In the psychrometric Chart, what are the paths for air, starting at state
1, go through the following dev1ses
(2) hair dryer
(b) cooling tower
(c) evaporator of an air-conditioner
(d) condenser of an air-conditioner
(e) electric heater

¢ = 100"’6 :

/
SN
i

- G

T r

Heat Conduction and Radiation: (35%)

8. (6%,#-18 F#& 3%) Write down the basic law for heat conduction? Why there is a
negative sign in the law?

9. (8%,%18 %ﬁE 4%) What is the Lumped—Capac1tance-Method (LCM)? When the LCM s
valid?

10. (6%) ARk EREBL LAHAKELET — B H K ERAGBES SN 0 CT,RUA24E
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11. (15%,%:-48-F#& 5%) Volumetric heat generation rate in a plane layer of coal () 6f .
thickness L = 1 m is ¢§=25 W/m®. The top surface of the layer transfers heat by

convection to ambient air for which h = 5 W/m® K and T, = 25 °C while receiving solar
irradiation in the amount Gs = 400 W/m?. The solar absorptivity and emissivity of the
surface are each o = ¢ = 0.95. The bottom surface at x = 0 is insulated. °

(a) Write the steady-state form of the one dimensional (1-D) heat conduction equation|
for the layer of coal.

(b) If the top surface temperature is T, denve the temperature distribution T(x) for the
layer of coal by integrating the equation of (a).

(c) Write the 1-D energy balance equation per unit area for the top surface of the coal
and derive the equation ready for solving T;. (Note that the equation should
contain only Ty and numbers, no other symbols or variables. You don’t need to
so41ve out the value of T,. The Stefan-Boltzmann constant ¢ = 5.67 x 10® W/m?
K%

< Air D Gg= 400 Wim?2

— T _250%
——% h=5Wim2K f / aS=s=0.95-

....................
-----------------
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Fluid Mechanics: (65%) g

1. (7%) Consider a balloon filled with gas of density ps (05 <pair) in a stationary car, and then
the car accelerates suddenly in the x direction with a constant acceleration as.

(a). Neglect the viscous effect and relative fluid motion, and then draw a suitable contrcl

volume to derive the equation of motion in the x direction:
dp

— = — 0 . "
da o X

where f;is the static pressure and p,; is the density of air in the car . (3%)
(b). When the car suddenly accelerates in x direction, your body will move backward.

Will the balloon move forward or backward? Why? (4%)

2. (13%) The tank shown in the Figure problem 2 rolls with negligible resistance along a
horizontal track. It is to be driven from rest by a liquid jet of velocity ¥ and cross-
sectional area A that strikes the vane at the edge of the tank and is deflected into the tank.
Assume themass of the tank is M{(#), and the velocity of the tank is U(?). Use Reynolds
transport equation to derive the (a) continuity (5%) and (b) momentum equation (8%) as
0. (You don’t need to solve the equations) ‘

F igure Problem 2

3. (15%) Consider a uniform airflow U=3 m/s past a horizontal flat plate. Assume the critical
Reynolds number = 1.25 %] 0%, and the kinetic viscosity of air v = 1.6x10 > m?/s. You will
also need the following equation for boundary layer thickness:

For laminar : &; = b5x/ wfﬁRex

For turbulent: 81 = 0.37xRe;%*
(2)(5%) Decide the transition location x,that separates the laminar and turbulence on
the flat plate.
(b)(10%) Compute the boundary layer thickness at x = 4 m on the flat plate.

P S S M -
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4. (15%) Many flying and swimming animals rely on an oscillating motion for propulsion
through air or water. Assume the average travel speed, U, depends on the oscillation
frequency f, the amplitude of the motion a (unit of length), the characteristic length scale of]

the animal L, the gravity g, the density of the animal p,, the density of the fluid 7, and the

viscosity of the fluid g.
(a) (6%) Formulate a dinsionless scaling law for U involving all the other parameters by
using p, g and L as the repeating parameters

(b)(3%) Simplify your answer for (a) for high Reynolds numbers where # is no longer a

parameter. (Hint: drop the dimensionless parameter regarding viscosity ff directly
from (a))

(c)(6%) While swimming submerged, fish and marine mammals are usually neutrally
buoyant or very nearly so. Thus, simplify your answer for (b) so that g drops out. For
this situation, determine how the speed U depends on the frequency f. (Hint: try to
cancel the gravity g by manipulating the dimensionless parameters regarding g from

®)

5. (15%)

(a) (3%) Write down the Navier-Stokes equation in vector form. (Which is a momentum
equation including body force, viscous force, pressure force and inertia force.)

(b) (3%) What are the conditions for the Navier-Stokes equations valid?

(c) (3%) What are the major difficulties in solving the Navier-Stokes equations.

(d) (3%) Write the Navier-Stokes equations in Cartesian coordinates for x, y and z
components.

(©) (3%) Simplify the equation in (d) for solving steady laminar flow between fixed
parallel plates, and solve the velocity profile*u(y) corresponding to the figure given
below.

m———-- | {

Q] DR N R o S S

T e N

Figure Problem 5
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Convection: (35%) ;
6.(10%, 2% each)
(a) Define the convection heat transfer coefficient, h, and write down its unit in SL ol
(b) Define the Nusselt number and write its physical interpretation. _
(c) Define the Prandtl number and write its physical interpretation. . “

(d) Define the Grashof number and write its physical interpretation.
(¢) How to determine if a convection problem is forced convection dominant, free

convection dominant.

7. (10%) Typical values for the convection heat transfer coefficient are given in the following
table for processes of free convection, forced convection, and convection with phase
change. Write possible process for (a) to (¢). (2% each)

h
(W/m? - K)

2-25 (@)
50-1000 < (b)

25250 <« (¢)
100-20,000 < (d)

2500-100,000 < (€)

8. (9%, 3% each) For a uniform flow over a flat plate,
(a) draw a diagram to show the profile of local convection heat transfer coefficient, h(x),
varies along the flow direction x and explain the profile.
(b) write down the boundary layer momentum and energy equations for steady laminar
flow situation.
() non-dimensionalize the equations of (b) and gives all dimensionless dependent
variables for dimensionless temperature.

9. (6%, 2% each) For laminar flow in a circular tube with constant fluid properties :
(2) What is a thermally fully-developed flow?
(b) What are the values of Nu for fully-developed flows with constant wall temperature
and constant wall heat flux, respectively?
(¢) Draw a diagram to show how the heat transfer coefficient (h) varying along the flow
direction (x) from the tube entrance to fully-developed.
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1. Locate the centroid (kc,yc) of the composite area as shown in Figure 1. (15%)

2. Determine the force at pin A in Figure 2. You must draw the free- body diagram and state
the magnitude and direction of force or its components. (15%)

400N
—>

05 m

3. The traffic light shown in Figure 3 is supported by a system of cables. Determine the
tensions in cables A, B, and C if the traffic light has a mass of 100kg. (10%)

4. Please refer to Figure 4. Determine the scalar component of the moment of the 100-1b force
about the axis of the hinges (line 4B). (10%)

<
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5. Refer to Figure 5. A speaker system is suspended from the truss by cables attached at D o :
and E. The mass of the speaker system is 130 kg, and its weight acts at G. Determine the '
axial forces in members BC and CD. (20%)

[
~

0.5m|0.5 m‘ 05m

Figure 5

6. Refer to Figure 6. The cylinder has weight W. The coefficient of static friction between the
cylinder and the floor and between the cylinder and the wall is z,. What is the largest

couple M that can be applied to the stationary cylinder without causing it to rotate? (15%)

7. Refer to Figure 7. The bar AB has mass m and length L. The spring is unstretched when
the bar is vertical (& = 0). The light collar C slides on the smooth vertical bar so that the
spring remains horizontal. Show that the equilibrium position & =0 is stable only if 2kL >
mg. (15%) -

Figure 6
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Please choose the correct answers for problem 1 to problem 3
Please be noted that the correct answers for each problem may be more than one

1. Consider a particle P moves along a space curve. The Cartesian coordinates and the
cylindrical coordinates of the position of the particle P is (x, v, z) and (t, 0, z), ‘
respectively. Let [i, j, k].and [e;, eg, k] be the base unit vectors of the Cartesian coordinate |-
system and the cylindrical coordinate system, respectively. If the velocity of P at an
instant is 2i + 4j + 6k [unit: m/s], then which of the following statements are correct? (15
%)

(A) (de; /dB) =— ey, . (deg /dO) =e,.

(B) e =cos0 i+ sind j, eg = sind i — cosh j.

(C)i=cosB e, + sinb ey, j = sinsO e, — cosO eg.

(D) At this instant, (dr/dt) = 2cos8 + 4sinf, where t is the time.

(E) At this instant, (d6/dt) = (4cos® — 2sin6)/(x* + y* +2°)'2, where t is the time.
(F) None of the previous statements is correct. '

2. Adrum of radius r is attached to a disk of radius R. The
disk and drum have a total mass of M and a combined
radius of gyration of k. A cord is attached to the drum
as shown and pulled with a force of magnitude P.
Knowing that the disk rolls without sliding, then which
of the following statements are correct? (15 %)

(A) The angular acceleration of the disk = (Pr)/(Mk?).

(B) The acceleration of G = (PRr)/(MK?).

(C)The friction force existed between the disk and the ground = P[1 — Ro)/(K + RY)].

(D) the minimum value of the coefficient of static friction compatible with this motion =

P(k* + >~ Ro)/[(K* + rz)(Mg)], where g is the acceleration of gravity.

(E) At any instant, the friction force existed between the disk and the ground is less than

or equal to (the coefficient of static friction)(normal force on the contact point).

(F) None of the previous statements is correct.

3. Consider the small oscillations of a cylinder of radius
r with center G which rolls without slipping inside a
curved surface of radius R with center O. Let 6 be the

angle which line OG forms with the vertical, and 6,,
is the maximum value of 0. If 6, << 1, then which of
the following statements are correct? (20 %)

(A) At any instant, the velocity of G = (r)(angular velocity of the cylinder)

(B) By letting the potential energy at 6 = 0 is zero, then at 6 = 0,,, the corresponding

potential energy = W(R — 1)(0m)*/2.

(C) At 6 =0, the angular velocity of the cylinder equals to zero. .

(D) The natural frequency of those oscillations = [(g/3)/(R — r)]"?, where g is the

acceleration of gravity. :

(E) The corresponding period = (2n)[3(R —1)/g] ', where g is the acceleration of gravity.
(F) None of the previous statements is correct.
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4. The tractor shovel carries a 500-kg load of soil, having a center of mass at G. Compute the |
forces developed in the hydraulic cylinders IJ and BC due to this loading. (20%)

Wy
A5 g o
2HY |

4 306G s

1

3006 men

1

N P . - - " . - |
200 mm 400 mm | by
5200 mm

(j Fi

50 mm~"

5. Determine the magnitude of the moment of force F about segment OA of the pipe
assembly. (15%) _ - .
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6. The crankshaft AB of an engine turns with a clockwise angular acceleration of 20 rad/s”.
Determine the acceleration of the piston C at this instant as shown in the figure. At this
instant, wap = 10 rad/s and wpc = 2.43 rad/s. (15 %)
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