BEXRF KFERETIFHER BLATHRE BEHNFER EHHZ PG
SMAFEALRAE ERHEE (2022F2 AXMkE) ARBE GERIRMEE)
CONARMEOH NI ZIAEICRY £9, E7o, Fraae B/ B, B2 8.
BLOEMHEHTOMM R E 21T Z LI TE £ A,
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(Answer the following questions. In the following questions £, I and w
are the Young’s modulus, the moment of inertia of the cross-sectional area
and the deflection, respectively.)

1) K 1-1 SR TEFE— A b M 250 2 MR O x 28T Dl & —
AV MME, SAICBTDT0RAdW dx B SIS 0,
(A simply suported beam is acted upon by a moment M, as shown in Fig. 1.

Derive the bending moment M at x and the deflection angle dw/dx at
point A.)

Q) K12 1R HRICEFE—A L NM 22T BT — A DR AILE
JFHEITE— A FEEX X,
(A closed rahmen is subjected to a couple of moments M, as shown in Fig. 2.

Derive the bending moment at point A.)
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T U R—ZHNOERERIL, K 2-1 1R TEHIE, Try 2 A LITRTHRIN
9. Trv /7 ADEEmMmIZ05 kg TT. Tuv s AxmiHEROEE ;HH
WTEx2LT5. FROEDLARMMEEIX5.0N/m T, RiE, H—0OFE-E X
LR L, 1 HEETT. FhilRE wgﬁﬁﬁéivA~&@%%@ﬁ@@5ﬂ
W, & BFr—7 0o T1X 11000 N TF. E#R0#E XL, =1L _X—%
OEFIH L TEETEDH0L LET. T _"—F LT v 7 AORERIT
1000 kg T, K 2-21ZR”FT L DIZ, FEEE TOIXTROER T, TH Y, 1Th
jw%imm@5@%_7m/ﬁAL@%ﬁéTm%@ﬁw_£L<@@iﬁ.
BHOMEE ¢ 1X9.8m/s & LET.

(An oscillatory system in an elevator consists of block A and spring, as shown in Fig.
2-1. The mass of block A m is 0.5 kg. The mass of the spring suspending block A is
assumed to be negligible. The stiffness of the spring k& is 5.0 N/m. The system
processes one degree of freedom since its motion describes by a single coordinate x.
During the first 5 seconds of the elevator's motion moving from rest, the tension 7 in
the hoisting cable is 11000 N. The movement of the oscillatory system is assumed to
be negligible on the elevator's motion. The total mass of the elevator and block A is
1000 kg. As shown in Fig. 2-2, the deformation of the spring in the equilibrium
position is x,, and the spring force kx, is equal to the downward force w acting on

block A during the first 5 seconds. Gravitational acceleration g is 9.8 m /s.)

(F'tﬁ%%ztbfv\”~ X \—‘fJL < )
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( 111\ Equilibrium positio

Block A

X

2-1 &0 EFr—TNDENTHR —ETERTAHIZ L N—X

Fig. 2-1 An elevator moving up with constant tension 7 in the hoisting cable.

\ \

Unstretched position

Equilibrium position
\ [ q p xO
m

X

(a) HARRODOMLEN S DENL x (b)) L _—F OFfILIRIENOIEE 25 5 7
MICBIT A2 3RO PICLD2E0 & WALEITxy & T 5, (a)The
displacement x from the unstretched position. (b) The deformation of the spring
in equilibrium position is x, during the first 5 seconds of the elevator’s motion
moving from rest.

2-2 TLAR—FZHNOERER (K- AR)

Fig. 2-2 An oscillatory system (spring -mass system) in an elevator.
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1) 2O L _X—20) EaEINEE A ZRD 7RI,

(Find the upward acceleration 4 of the elevator during this interval.)

2) BRHOT L N—Z O LR EHE VARDZ S,
(Find the upward velocity V of the elevator at the end of the 5 seconds.)

3) 5 EDOT L _X—FDOBENEEE U 2RO I 0.

(Find the moving distance U of the elevator at the end of the 5 seconds.)

4) PEALE X, & KD 7R 0.

(Find the equilibrium position x,.)

5) HAID 5 IR TR A L7256 1E, IRRORIEZ KD Z 0.
(When oscillation occurs on the system during the first 5 seconds, find the frequency

of the oscillatory system.)
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PEHE DI R R b ) A THERE S

NWARZDRHY, TONERIZHEL k, &
HLLEL ¢, OB SANERH STV, K
RoWHOIRREIZIH 3 1T”"T p—v (JED
—IeIAFE) X BB 58 1 TREN,
SUEDEINE py, AL vy, REIX T,
Thsd (KRiED,

Adiabatic change

Pressure, p

RARIE, IRHE 1 2B Z O HIRFE A N — 12
Vife (e > 1) OIREE 2 £ THEL(L LI,

WIZ, IRAE 3 £ THEHE(L L%, WEA
{ELTREE 1L IR -T2, 2OV A 7 1ICH Specific volume, v
T, KR AERICE (LT 52 b0 L LT,
VLT ORIWZE 72 S0,

(There is a container composed of frictionless piston and cylinder, and an

3 (Fig. 3)

ideal gas having specific heat ratio of k, specific heat at constant volume c,
is sealed inside it. Initial condition of the gas is shown as point 1 in p — v
(pressure-specific volume) diagram of Fig. 3, where pressure of the gas p;,
specific volume v;, temperature T; (condition 1).

The gas is changed from condition 1 until the specific volume becomes
171/ ¢ (¢ > 1) of condition 2 with constant pressure. Next, the gas is changed
to condition 3 with constant volume and i1s adiabatically returned to
condition 1. Assuming that the gas is reversibly changed during this cycle,

answer the following questions.)

1. UTOEZ ¢, T,k OO HLMBEREREZHNTER LRIV,
(Express following quantities using required parameters among
cpy Ty, €, K.)
(1) KA 2 2B 1T DRUEDIRE T,
(Temperature of the gas at condition 2, T,)

(2) HEIWFR 1-2 ICB W THAE &Y 720 OKUEDHEN L - BE |q,
(Heat released by unit mass of the gas during constant pressure
process 1-2, |q|)

(MEEIZRA~— 125 <)
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(3) FHEWMFE 1-2 [ZHB W THALE B Y72 ) OKUERIT o T2 11,
(Work done by unit mass of the gas during constant pressure process
1-2, la,12)

(4) IRHE 3 IR DERMAEDIRE T,
(Temperature of the gas at condition 3, T;)

(5) HIEMFE 2-3 ICB W THAIE RN 72 OK/UEDZE L T2 qy
(Heat received by unit mass of the gas during constant volume
process 2-3, qy)

(6) WiEEfe 3-1 IZB W CHNE R Y72 ) OKUET o 7ot 1 sy
(Work done by unit mass of the gas during adiabatic process 3-1,
la,31)

(7) ZOHA 7 MTBWTHAEREY 720 OKUROIT o T2 EHRAE 1, e
(Net work done by unit mass of the gas during the cycle, [, er)

(8) ZDH A 7 NVOHGHALNER ny,

(Theoretical thermal efficiency of the cycle, ny,)

£=20, k=15 & LTEFDORWIZEZ RS0,

(Answer the following questions assuming that € = 2.0 and k = 1.5.)

(D) 2% A 7 NVOHEGmBNEREZRDIR SV,
(Evaluate theoretical thermal efficiency of the cycle.)

(2) OV A 7 NVZBTHRMEOEOWME T—s (RE—t=r bt
—) BMEEHANTELZRS N,
(Display the changes of gas during this cycle schematically using T —
s (temperature - specific entropy) diagram.)

B) ZDHA 7 EE BB L OMKIREVR 2 AW TEERN T 5 %4 7
N OEGRBEN RO RS EZ RO S U,
(Evaluate maximum value in theoretical thermal efficiency of the
cycle, assuming that the high-temperature and low-temperature

thermal reservoirs are the same as this cycle.)
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BrEfE A m2 D/ XL h, (i Q md/s TIESFFIZAKNEEHL TS, £D
THHmOME (Q) (Bl LIERBENTH Y, EIRITACE S & 248
ZTW5S., AV DZEXIOENTI—EELT D, £, EXREKOMM, BLUOE
WD % 22 2 DR OROEREF O & S ITHATE 560 & LTLLF DR W
B K. L, EAMEEE gm/s?, KOEEE pkgmd T 5. A,Q,g,H
EQp B GE U THWT, BLFOBWIEZ K.

A water jet ejects downwards from a nozzle with the exit area A m?2. The
flow rate is  m3/s. A curved vane, which is placed at position @ H m apart
below from the nozzle, deflects the jet to horizontal direction. Ambient air
pressure is constant. Viscous effect of air and water, and the dimension of the
vane can be neglected. Here, the gravitational acceleration is ¢ m/s? and the
density of water is pkg/m?. Answer the following questions using 4 ,Q,g,

H,and p atone's discretion.

1 U

y @4,
.

X 4 (Fig. 4)

(FIRBIIRAR— 212452 <)
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1) BrE@® TOKDOEE v, ZRKD L.
(Obtain the water velocity v, at the cross section (D.)

9) W@ T DADHMIE v, &K k.

(Obtain the water velocity v, at the cross section @. )

3) WHE@ TOMH OB A, %K k.

(Obtain the cross section area A, of water jet at the cross section @.)

1) WiE@TDOADHE y %K k.

(Obtain the water velocity v, at the cross section 3.)

5) WFE® T OUETR OB A, &K k.

(Obtain the cross section area A, of water jet at the cross section 3.)

6) REXXAHTODr, yHADZENEND %KD K.

(Obtain the forces in z and y directions to support the vane.)
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RDT 4 — Ry ZHIERICHOWTLELFORMIZEZ &
Answer the following questions about the illustrated feedback control
system.

”—?—» K(s)

1 2
(1) K(s)=1+§, G(s)= PR

A A

A 4

G(s)

DL X, ZORDIEREEERD L.

Let K(s):l—i-l and G(s)= 5 2 . Find the transfer function of the
s sT+s+1

system.
(2) K(s):L, G(s)=30><‘: X,
s+3 s

AT H(t) % 2T v 7B
{0 (t < 0)
r@):

A4 (t=20)

LIz OIS ) Bk & 2L, 1(0)=0L7 5.

Let K(s)= % and G(s)= g Find the response y(¢) with input r(¢) as
S+ S

a step function

r(t):{o (t < 0)

A (t>20)
when y(0)=0.

%, Gls)=Lo L&, ZOROF— FEEOBIEEHIT.
S

Let K(s):% and G(s):l. Draw the asymptotic Bode diagram of the
S

(PRI R — 212 H5¢ <)
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T B GISH LT, SHOMERMRHY £7. EMALETOT, HL
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Attention: A special answer sheet to draw the diagram is to be used for the problem
(3). The sheet is given upon request. Write your application number in the margin of

this special answer sheet.




