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Prob. 1 (30%)

The model of a motor with input voltage 7(t) and output angular velocity
y(t) is given as following, y’+y=£(t), withy(0)=0 where f'(t) is {
given in figure 1. ]
(1) Please solve y(t) by Laplace transform. (15%)

(2) Please solve y(t) by convolution integral (15%) | /(0

defined as fo'g(r—r)f(r)dr.

Where g (t) is the unit impulse response, 0 1 2
that is the solution of y’-+y = §(1)
with the unit impulse function (Dirac delta function) §(1) .

Figure 1

Prob. 2 (20%)
Given an equations as below
y’+ 2y = 2 cos(2x)sin(4x),
please solve its particular solution y,(x).
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3. Consider the system of linear equations:
2X, +X,-11X;=-6
=5X, +X,+ 9X,= 12
X, +X,+14X, =-5
The system can be written in matrix form as AX =B. Please find (1) A, B, (2)
the Rank of matrix A by Gauss elimination, (3) det(A), (4) A™', (5) A"'B, (6) X.
(25%)

2
4. Solve gu-=9§—u for0<x<3,t>0
ot ox?

with u(0,t)=u(3,t)=0 for t=0; u(x,00=50 for 0<x<3 (25%)
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1. Find the transfer function, G(s) = X,(s) / F(s), for the system
shown below (25%)

fv = 1 N-s/m
SO ———— = 1kg - My=1lkg
Sv,=1N-s/m | s ; | fl /v,=1Ns/im
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2. For a unity feedback system with transfer function G(s) shown below,

do the following: (25%)

K

)= G

(a) Find the range of K for stability. (10%)
(b) Find the value of K for marginal stability. (5%)
(¢) Find the frequency of oscillation when the system is marginally

stable. (10%)
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3. nFH  BEHAL GERREN S GO)RBEHAREST L  RBRNFEH
ART » MK THER M FE cascade compensator #93%#HRI& - 25%

Cascade Original
compensator controller

Plant

C(s)

v

GAS)

E@:-@_’ GAS)

Gi(S)

k4

.
»

a. WIRHA I FAE oL £ 48 £ 3% ¥ (steady state error)#) cascade compensators.
b. WL 3 WL &Y & R B (transient response)#y cascade compensators.
c. WIRAFMMEAL P L passive network F 3,45 cascade compensators

(RIRELAAR BRI RRE)

4, BEH A S TEAT FTHMEE > EHBEALNHYN0S RAKTHE S
#HAe 20% - AL ALY T, HHME AT 50% - #M1E% 4 46 steady state
error A EATH 10%: HRHEAMEH TR RAFBIHELGTIR

£ 25% CTRIRGAXEAMT > RAEHmiFR R
MR RRBPT)
R(s)+ E(s) K C(s)
_(% s(s+6)(s + 10) -
T, =—2 =
Foe oy
Tzt =2 ¢ =cos@

28R B

l

=T %08 = 100% }
. |

I
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(10%)

2. A RIRRBARI B (tensile test) R ETBEAER (impact test) AT HHY -
REFTREE SR RIS REE -
(10%)

3. B Bh R TAEFES)-FERE Hh §R (stress-strain "curve) -
AHAE _EAEH, yield strength (o) tensile strength (o) 5 ductility (&)
(LE - HEMEE—ER ¢ (e <e) FHNE _IEHIMEEERLRE
BRI - NERSEEEEIRIRA

(10%)

4. EAIREGETBMREGETE 10h 1% » IHEEERTE 2.5mm BR BB E
FHE10.45 wt.% FEEEIL S BTEAEEBHRIEE T  BE3RE 5.0 mm

BEZEZITH H{%FFEWE’JH#FQ
(10%)

5. (AEHEAKEE @ BHEAOEWIEE - 5555l ?
(10%)
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8. Diffusion is often used to enhance the hardness of the steel. Please write down
the definitions of the following terms in diffusion, the phenomenon of material
transport by atomic motion. (20%)

{a) Vacancy Diffusion

(b} Interstitial Diffusion

(c) Steady-State Diffusion

(d) Nonsteady-State Diffusion

7. sEERAATRERS (Integrated Circuits) B FH R TR SUZFE (15%)
(a) #Z&§Z (Evaporation)
(b) BEPE (Sputtering)
(¢) fLERAHTTIE (Chemical Vapor Deposition)

8 FEESINTRAZ > S SRR AR BRI AN TR
IR S BERLE ? GEERE =) - BT B REREEin T 3
SREAHIE - (15%)
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1. A simple beam 4B with span length L=14 m supports a uniform load of intensity
g that includes the weight of the beam (see Figure 1). The beam is constructed of
three plates of the same thickness welded together to form the cross section
shown in the figure.

(1) Find the moment of inertia / of the cross section.
(2) Determine the maximum permissible load g based upon:
(a) an allowable bending stress oa10w=110 MPa, and

(b) an allowable shear stress Taow=30 MPa.
(25%)

450 mm
t ¢+ ¢ v ¢ [ 31— 30 mm
) \ 15 mm—e| jo—
b tem—
1800 mm

Figure 1 l
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2. A stepped shaft is subjected to three torques as shown in Figure 2. The left end of
the stepped shaft is fixed on a wall. The length of each section is 0.5 m and the
diameters are 80 mm, 60 mm, and 40 mm. The material is steel with shear
modulus of elasticity G=80 GPa.

(a) Find the reaction torque at the fixed end.
(b) Calculate the maximum shear stress Tmay in the shaft.

(¢) Calculate the angle of twist ¢ (degrees) at the free end.
(25%)

3000 N-m 2000 N-m 800 N-m

Fixedend | f} | {\ |

80 mm 60 mm 40 mm

L-OSm—J‘—OSm———-L—OSm-—“J

Figure 2
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3. The state of stress at a point in a member is shown on the element. (a) Determine
the stress components acting on the inclined plane AB. (b) Determine the principal
stresses at the point and the orientation of the element upon which they act. (c)

Determine the maximum in-plane shear stress and the corresponding average
normal stress at the point. Also specify the orientation of the element upon which
they act. [9%+8%+8%)])

50 MPa

28 MPa

60 MPa

4. (a) Determine the equations of the elastic curve of the beam as shown and assume

that E/ is constant. (b) Determine the maximum deflection of the beam. (c)
Determine the slope at the free end (the left end).  [13%+6%+6%]
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1. As shown in the following figure, at the entrance to a 3-feet-wide channel the
velocity distribution is uniform with a velocity V.  Further downstream the velocity
is given by u=4y-2y2, where u isin ft/s and y is in feet. Determine the value of V.
25%

2. Air at standard atmospheric conditions is drawn into a compressor at the steady rate
of 30m*/sec. The compressor pressure ratio, Peyi/Pintet, is 10 to 1. Through the
compressor P/p" remains constant with n=1.4. If the average velocity in the
compressor discharge pipe is not to exceed 30 m/s, calculate the minimum discharge
pipe diameter required. 25%

section(1) (inlet)

campressor

d/‘.s'clrmya
pipe
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5‘ The manometer shown contains water at room temperature and is opened to the
atmosphere. Tha glass tube on the left has an inside diameter of Imm (d = Imm). The
glass tube on the right is three times as large. (25%)

a) Is water surface level in the left tube higher than, equal to, or lower than the water
surface level in the right tube? Why?

b) When considering the effect of surface tension, will the answer above change?
Why?

c) If the top of the left tube is sealed and the air gauge pressure inside is 0.01atm, then
which side has higher water surface level? Why?

d) If the manometer moves at a constant velocity to the right, which point will have a
higher pressure? A or B? Why? (A and B are at the bottom of the left and right
tube respectively)

e) If the manometer is now accelerated at a constant rate to the right, then which point
will have a higher pressure? Why?

3d

S

4. Water flows steadily through a horizontal circular pipe, (25%)

a) Draw the time-averaged velocity profile for flow under laminar and turbulent
condition.

b) Draw the shear stress distribution across the pipe’s diameter, i.e., shear stress(z) vs.
radial position(r).

c) Describe the relationship between the pressure drop through the pipe and the pipe
length. (use words such as proportional, inversely proportional, linear, non-linear, to
the power of 2, etc.)

d) Describe the relationship between the pressure drop through the pipe and the pipe
diameter with the mass flow rate and friction factor staying the same.

¢) Describe the relationship between the pressure drop through the pipe and the

averaged velocity inside the pipe.




