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1. (16%) Write the definitions of Biot number and Nusselt number. lllustrate the physical meaning.

2. (10%) Write the definition of Prandtl number. What is the difference between velocity boundary
layer and thermal boundary layer when Pr>1 and Pr <1.

3. (16%) Temperature distributions within a one-dimensional plane wall at an initial time, at steady
state, and at several intermediate times are as shown below.
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Write the appropriate form of the heat diffusion equation for each case and the equations for the
initial condition and boundary conditions at x = 0 and x = L. If volumetric generation occurs, it is
uniform throughout the wall. The properties are constant.

4. (15%) As shown below, the heat conduction is associated with a control volume that spans two
different materials. Assume that there is no contact resistance at the interface between the
materials and the control volumes are L units long into the page. Write the finite difference
equation under steady-state conditions for node (m, n). '
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(22%) For a one-dimensional heat conduction problem, the initial and boundary temperatures are
T(x,0) = f(x) and T(0,t) = T(L, t) = Tw. There is no volumetric heat generation or loss, and the
properties are constant. Write the unsteady heat diffusion equation in dimensionless form and solve
it. (Necessary reference values need to be defined for nondimensionalization.)

6. (21%) A composite cylindrical wall is composed of two materials of thermal conductivity k, and
k, which are separated by a very thin, electric resistance heater. The interfacial contact resistances
are negligible.
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Liquid pumped through the tube is at a temperature T, ; and provides a convection coefficient h; at

the inner surface of the composite. The outer surface is exposed to ambient air, which is at Ts, 5, and

provides a convection coefficient of h,. Under steady-state conditions, a uniform heat flux of qp is

dissipated by the heater.

(a) (7%) Sketch the equivalent thermal circuit of the system and express all resistances in terms of
relevant variables. '

(b) (7%) Obtain an expression that may be used to determine the heater temperature, Th

(c) (7%) Obtain an expression for the ratio of heat flows to the outer and inner fluids, qs/q;- How
might the variables of the problem be adjusted to minimize this ratio?
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1. Solve the following ODEs.
(a) 2xtanydx + sec*ydy = 0 (5%)
(b) 23y + xy' —y=x> (5%)

2. Given an Initial Value Problem of a system of ODEs:
yi=y1+4y, — t? +6t, y:.(0) = 2.
vi=y+y,— tP+t-1, 3,(0)=-1
The system can be represented as a vector equationy' = Ay + g.
(a) Find eigenvalues and eigenvectors of A. (5%)
(b) General solution for the homogeneous part. (5%)
(c) Particular solution for the non-homogeneous part. (5%0)
(d) Determine the stability and the type of critical point for the homogeneous part. (5%)

3. Givenan ODE: (1 —x%)y" —2xy'+2y =0

(a) Find the series solution of the given ODE. (10%)

(b) Find the arbitrary coefficients in the series solution. (5%)

(¢c) Find the two solutions of the series solution respectively. (5%)

4. Using the Laplace transform and showing the details, find the current i() in the circuit in Figure

1, assuming zero initial current and charge on the capacitor and:
L=1H, C=107F, v=-9900 cos t V if 7 <t < 3w and 0 otherwise. (15%)

Note: Li'(f)+ %t) = (1)

== ¥

o 0
ulit!
Figure 1.

5. By the principles used in modeling the string it can be shown that small free vertical vibrations of a
uniform elastic beam (Figure 2.) are modeled by the fourth-order PDE (equation (1))

d%u 5 8%u
P _C i L
oit? dx*

(1)

where ¢ = El/pA (E= Young’s modulus of elasticity, /= moment of inertia of the cross section with
respect to the y-axis in the figure, p = density, A4 = cross-sectional area). Find solutions u, = Fy,(x)G(t) of]
equation (1) corresponding to zero initial velocity and satisfying the boundary conditions for simply
supported beam in Figure 3. (u(0,t) = 0, u(L,t) = 0, u, (0,8) = 0,u,, (L, t) = 0). (20%)
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Figure 3.

6. Verify this for A and A = P' AP. Ify is an eigenvector of P, show that x = Py are eigenvectors of A.
Show the details of your work. (15%)

: ‘F 028  0.96
A= s P =
> | 096 0.28
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Prob. #1 (20 %)

A FU T XREL AR LA

(a) &b (Ductile material ) $2851E44 (Brittle material ) 42 dp 7B T ATRA 89 T4
JEF-RE S R BT QAR UMk AR ENSHE TR R A-ERE G RGBHE
b o HaE  RAERRESRF LB EEMNLHE - 6% BH—EHla—%5 E6H
#1k)

(b) FE LA T > Batkdtbtey ER38E (Yield strength) Zhofai32]8) 7 (2 %)

(c) 4738 E Atk (Isotropic material) 7 (2 %) |

(d) EB3xR4 sk & #7424 (Axially loaded bar) B @ #4] TR2REBEA AN
HHRBE?2 %)

(e) ¥#AIF AKX RAMB L1 (Factor of safety) > AXNEHMERZRA - 2%)

() 2x3tipse (Beam) B¥#F /A & B4R 2 2% AT e ey 3 /1 B % % B ( Shear and
bending moment diagrams) > ZRE A& 7 (2 %)

(g) 13- F®@ M (Planestress) ? 473 F @ &% (Plane strain) ? (2 %)

(h) Figure 1 FA-T ey REBAZHA S 2| $85E (Torque) /ERAREABIE » KXEZRBAAM? (2
%)

P T— ST

Figure 1 Prob. #1-(h)

Prob. #2 (30 %)

As shown in Figure 2, a shaft is made of an aluminum alloy having an allowable shear stress of
Tallow = 100 MPa. If the diameter of the shaft is 100 mm, determine the maximum torque T that can
be transmitted. What would be the maximum torque T’ if a 75-mm-diameter hole were bored
through the shaft? Sketch the shear-stress distribution along a radial line in each case.

Figure 2 Prob. #2
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Prob. #3 (30 %)

The A-36 steel rod shown in Figure 3 has a diameter of 10 mm. It is fixed to the wall at 4, and
before it is loaded there is a gap between the wall and the rod of 0.2 mm. Determine the reactions
at A and B’ . neglect the size of the collar at C. Eg = 200 GPa. (%&£ % * E4% % ~ Free body

diagram ~ Equilibrium equations 24 & CompatibilityZF #] A 3F 4 » 3% 7% 55 i # #E 5 )

"1 = 800 mm ——
400 mm :

Figure 3 Prob. #3

Prob. #4 (20 %)

Using the equilibrium equations to determine and draw the shear and moment diagrams for the
beam shown in Figure 4. (357£%& 4% #h ~ Free body diagram ~ 22 & Equilibrium equations#f
PINF  SER B I AR

% i
em T

o 18 ft |

Figure 4 Prob. #4
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1.

2.

3.

(15%) Determine by direct integration the centroid of the area shown and express the first moment
of the area with respect to y-axis (¥) in terms of a and h.
Yy

¢

(10%) Please draw the shear and bending-moment diagrams for the beam AB.
300 mm | 300 mm , 300 mm |

] |
00N 400N 400N §
g ; j
v Y L
]f____) ;’ P, {"_ D
| i
| ] !
AE s | B

l

= | |
150 mm 300mm 300 mm 150 mm

(15%) The coefficients of friction are gg; = 0.40 and u;, = 0.30 between all surfaces of contact.
Determine the smallest force P required to start the 30-kg block moving if cable AB is attached as

shown.

90 |\52j _j} -{}u.‘u,r,__ =

¢
i
1
|
\

P e

(15%) A spring AB of constant k is attached to a support at 4 and to a collar of mass m. The
unstretched length of the spring is /. Knowing that the collar is released from rest at x = x4 and
neglecting friction between the collar and the horizontal rod, determine the magnitude of the
velocity of the collar as it passes through point C.

|
]
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5. (15%) Boxes are transported by a conveyor belt with a velocity v to a fixed incline at A, where they

slide and eventually fall off at B. Knowing that u;, = 0. 40, determine the velocity of the conveyor

belt if the boxes leave the incline at B with a velocity of 2.5 m/s.

6. (15%) A 30-g bullet is fired with a velocity of 480 m/s into block 4, which has a mass of 5 kg. The
coefficient of kinetic friction between block A4 and cart BC is u;, = 0.50. Knowing that the cart has
a mass of 4 kg and can roll freely, determine the final position of the block on the cart.

480 m/s

T TR I

7. (15%) A bowler projects a 200-mm-diameter ball weighing 6 kg along an alley with a forward
velocity v, of 5 m/s and a backspin wq of 9 rad/s. Knowing that the coefficient of kinetic friction

between the ball and the alley is g, = 0.10, determine the time #, at which the ball will start rolling

without sliding.
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1. The vertical motion of an aircraft is determined by a lift force Lw applied to the wings and an
aerodynamic force Le on the elevators (small surfaces located at the aircraft tail). The pitching of the
aircraft is denoted by the angle of attack o and the elevator is measured by an angle £ with respect to
the body of the aircraft. Under the assumption of small angles, a linearized model of the aircraft’s
vertical motion can be formulated as:

Aircraft

h=la—ky,(E—a)
o= k3(E = 0:) = k4a
where / represents the height of the aircraft. Let ky = 2 and kp = k3 = ky = 1.

(1) Derive transfer functions of the attack angle o to the angle £ and the height 4 to the angle E.
(10%)

(2) Considering a closed-loop height control system as below, where h, is the height command and
K is a positive controller gain, draw the root locus plot for the closed-loop control system with

varying K. Be sure of indicating poles, zeros, asymptotes, intersection of asymptotes, locations of]
crossing the imaginary axis, departure angles, and their corresponding X values. (20%)

Ks | £

m—iTﬁi_s | Gls) > b

ORI
R(s)  (s+2)%
output, respectively. Output response is denoted by y(7) = LYY (s)}, where L represents the Laplace

transform.

where R(s) and Y(s) stand for the input and the

2. A transfer function is expressed by

(1) Solve y(0) and y(0) if the input is a unit step function. (10%)

(2) When a unit ramp is applied as the input, determine ¥(0) and the steady state error when time
approaches to infinity, where the error is defined as the input minus the output. (10%)
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A. (5%) In your opinion, from a control system point of view, what is the most important
difference between a linear system and a non-linear system?

B. (5%) Instead of using PID (proportional-integral-derivative) controllers, many industrial
control applications prefer PI controllers. Why?

C. (5%) Generally speaking, what is the relationship between the bandwidth and the speed-of-
response of a system?

D. (5%) Can a real physical system have an odd number of complex conjugate poles? Why or why
not?

4. (15%) This problem considers a linear time-invariant system whose transfer function is G(s) =
Y(s)/X(s) where X(s) and ¥(s) are the Laplace transforms of the input and output signals,
respectively. With o denoting the radian frequency, by setting s =jw, the output signal of this
system can be represented as Y(jw) = G(jw)X(jo). It can be shown that the amplitude spectrum of
the output is |¥(jw)| = |G(jw)| |X(jew) | and the phase spectrum of the output is ZY(jw)= £ZG(jw) +
/X(jw). Based on these two results of amplitude and phase spectra, determine the steady-state
response of y(f) when G(s) = 1/(s+1) and x(f) = cos(2nt).

5. (15%) This problem considers a second-

order system with complex conjugate Ho 40
poles. The transfer function of this system <
can be represented as G(s) = a)% /(5% + 4.0 EET 1 0.90
28wys + w3) . With My, denoting the ~
maximum value of the magnitude of — N o
G(jw) and ©, denoting resonant 275 N 0.80
frequency of this system, how do you N
experimentally determine the value of .
Mo and @, If My, = 1.75 and o, = 30 ! : o7
rad/sec, determine the value of ¢ and w, \ \
based on the information given by Figure 95 1Y : 0.60
L.
M, N \\ w,fw,
20 H & A 0.50
\ \
N
\ A
175 0.40
\\ \
N, \
15 AV 030
N
d \
125 N < ﬁ 0.20
] N
xg\J
1.0 [ ~ 0.10
0.20 030 0.40 0.50 0.60 0.70
{
Figure 1
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1. &3\ ME > iy AR ELET

(a) Newton’s Laws of Motion (15%)

(b) Unit Vector (5%)

(¢c) Moment of the couple (5%)
(d) Degree of Freedom (5%)
(e) Center of Gravity (5%)

(1) Moments of Inertia (5%)

2.4 & — A7 (Figure 1)

What are the coordinates of the centroid of the I beam section? (10%)

3. w B =—Fr-~ (Figure 2)
A 750 1b force, F, is applied to the frame. Determine the moment this force makes about point A (20%)

Y dem Loem 3 an
- ; '
” i el G
I em r 3t ///jﬁ
E 5
5 em 2 !'t
LA
; 1 em
&€
— (Figure 1) — (Figure 2)
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4. 4o B = A7 (Figure 3)
Find the reaction at the support B for the beam. (15%)

5. 4o w Ao (Figure 4)

The drum on the floor has a weight of 100 Ib and the coefficient of static friction is us=0.5. If a=3 ft and
b=4ft, determine the smallest magnitude of the force P that cause the impending motion of the drum.
(15%)

12 1h/in 00 1h 150 1 100 1 12 Ih/in
: :
i |
I 4 4 4 TTT00
{ A : i 1
| L e == | |
09 T em Thin 6 6in ¢ om
= (Figure 3) w (Figure 4)
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The acceleration of a particle is defined by the relation @ = k. (a) Knowing that v = —8 m/s when ¢ =
0's and that v=+8 m/s when ¢ = 2 s, determine the constant k. (b) Write the equations of motion
[ i.e., x(1)], knowing also that x = 0 when ¢ = 2 5. (20%)

As shown in Figure 1, the crane shown rotates at the constant rate @; = 0.5 rad/s; simultaneously, the
telescoping boom is being lowered at the constant rate > = 0.20 rad/s. Knowing that at the instant
shown the length of the boom is 6 m and is increasing at the constant rate » = 0.5 m/s. Determine the
velocity and acceleration of Point B. (20%)

Y

Figure 1.

As shown in Figure 2, each of the gears 4 and B has a mass of 12 kg and has a radius of gyration of]
250 mm; gear C has a mass of 3 kg and has a radius of gyration of 100 mm. If a couple M of constant
magnitude 10 N-m applied to gear C, determine (a) the angular acceleration of gear 4, (b) the
tangential force which gear C exerts on gear 4. (20%)

~n Ay '"s_ﬂu.l‘l_;
S A 2 P Ty

2

100 mm Figure 2.
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4.  As shown in Figure 3, the catcher arm has a mass of 10 kg and is 2.4 m long (you can model it as a
slender rod); the net that catches the drone at B has a negligible mass. The 1.5 kg drone has a mass
moment of inertia about its own center of mass of 0.015 kg-m?. Knowing that the arm swings to an
angle of 45° below horizontal, determine (a) the initial velocity v, of the drone, (b) the forces at A

at that angle. (20%)

- v, B
| e R

; étﬁ' Figure 3.

5. As shown in Figure 4, the uniform 100-kg beam 4B is hanging initially at rest with & = 0 when the
constant force P =300 N is applied to the cable. Determine (a) the maximum angular velocity
reached by the beam with the corresponding angle 6 and (b) the maximum angle 8 max reached by
the beam. (20%)

’*——Sm~—>|

3 SR 7

Figure 4.

RAFEAYD  FYETEALATHA




#B A% #AEFEx [REAALHERE]

©

’f/F/::: b ol %%Iﬁ”

2 EER] 1 100 448
ARMLATN A AENRE BRAEE Bl A5 HAREL

Zk (£) 2 BEERS - L ARS - BRABALF EH ho 5 A 3L
?%_%Euf&/\a}%ﬁ’.

KXELERRBE - SAMEVEE -~ WE IR 0 THRPELE
¢, 3% A & 3L %%ﬂﬂi RE~ER (B) ~ FHGHITESS) - 4%‘:/\

EHBER—MAES  HHEHAELSRE 53T HIR) ©

sz E ) 2B AV E R A AGIER () B¥ 0 RMER 2B &
Z . F aaizégaékmﬁiwa%Fsﬂé%#%ﬁéfﬂz%%i%if%% B REFAEAE
BEEAE (Jﬁ) FEAREE EE R RAEH R~ BUR R ERES ERA A
B RABETEANYL BEBRBERALEEN AT T RA
% o

TMseﬁ*Jrii-%)a‘i*ﬁﬁuf&ﬁé”“ﬂmﬂai/’%ﬁ s ho DAL LA 4B 0 BRAE - I)J
BER o RAFETEA B - LB e Sl B E oh A R B g i3
B Z2RANTZAHEEM R (R TS TiE %%f’a”—ﬂi%) P2

J

SERERS () BHLME - REDESNRENSIHE -
SERSEGIE - ZEEIEREENREFE -

EEEEARBEEH BN SRARERERINERRE -




Bt LhR® 11l 25EEALERHAT ARG LU

#BLH HAREAX (BRELAFALHERE] 5% - 438002
MAABREFRZ "AT, EAFERFIETRE) #£28%18
1. Please read the following article and answer the question below:

Soft robots are just that: soft. They’re created from malleable, changeable materials like silicone
elastomers and hydraulic fluidics that have a greater range of motion than traditional robotic devices.
This side of robotics draws inspiration from nature—a line of study called biomemetics. Soft robots
can move as some animals, for instance scurrying sidewise or climbing up a wall.

Because soft robots offer a huge potential to the robotics community, the study of pliant, elastic robots
is also experiencing rapid development.

Advancements in robotics take place every day as the field grows, matures, and develops products over
a wide range of industries. Soft robots are not there yet. Their development hinges on materials that
can be folded, stretched, or otherwise formed into different lengths, widths and shapes. The potential
of pliant, elastic robots is great and researchers are building myriad examples that may eventually find
their way into medicine, manufacturing, aeronautics and other industries.

Please translate the following terms into Chinese (3% for each)

malleable silicone elastomers draws inspiration community pliant
A ®_ (&) I oD . |E®E__
Advancements matures hinges myriad examples eventually
(05) (C) H_ o - |

Translate the following two sentences into Chinese: (10% for each)

(A) Industrial robots are used for all sorts of dangerous, repetitive jobs. Now that robots are being
combined with artificial intelligence, will they take over the rest of the factory floor?

(B) Waste biomass undergoing pyrolysis can be seen through the wiewport of this reaction vessel.
Estimates suggest that as much as 1 billion tons of biomass could be available each year.

Read the following article and fill in the correct “vocabulary” to correctly complete the
meaning of the articles. (3% for each)

Robotics Automation Explores New Frontiers

Many industries have been hit hard by the COVID-19 (A). However, the robotics industry has
provided a glimmer of hope. Supply chain disruption and labor restrictions have highlighted the need
for increased (B) within the manufacturing and logistics sectors. For companies to not only survive
the pandemic but also transition their operations to be more (C) and mitigate risk, robotic (D) provides
a solution.

A recent panel at Robotics Week hosted by the Robotic Industries Association (RIA) shared an (E)
view of how robotics can address the labor and manufacturing (F) caused by the pandemic.

The panel consisted of CEOs and presidents of ATI Industrial Automation, FANUC America,
Harmonic Drive, KUKA Robotics, and SCHUNK. The executive panel discussed how robotic growth
was driven by industries outside of the automotive sector for the first time in history. The boom in
medical, agriculture, and e-commerce applications significantly (G) to the robotic industry in 2020,
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“The (H) in robot orders that we’re seeing, despite the pandemic, demonstrates the growing (1) in

robotic and automation solutions,” said Jeff Burnstein, president of the Association for Advancing
Automation, said in a recent press release. “It’s (J) to see the growth of robotics in new applications
and reaching a wider group of users than ever before.”

Pick the vocabulary below:

collection, disruption, surge, controllable, overlay, interest, robotics, promising,
surface, pandemic, rigid, flexibility, optimistic, energetic, useful, remote, automation,
contributed, promising, successful

e (B, (BE . ... Bl ..

¢« - o | _ - ‘O |

4. Translate the following two sentences into English: (10% for each)
(A) 2R BEARFEARBHRAE N REF - RNBZEFRAGEE
B)Af M E LB EEFZE M BB EA > BACMNER ZAN TR » LB
AR IBAE e Mt g -
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