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(Examinees can use a scientific electronic calculator, but cannot use pre-programmable
calculator.)
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BENOEHEH (compressor) 2L > TEREZTEHE L THERF 10m} OEBESY 712878 L, FrEofE AR

R R (expander) 12X » THET 2 EMERE TR AT & (CAES, Compressed Air Energy Storage

System) IZDOWTUTORMWIEZ &, 728, ZBRILIHT RAEE (gasconstant) R=0.287kJ/(kg-K), EEtk
£t (specific heat at constant pressure) C,=1.005kJ/(kg-K) —EDEIEZIE (idealgas) & LTHEX DL DL
T 5,

)

@

JEHE#IE 15°C, EH¥ERSKIE (standard atmospheric pressure) %>5 1.0 MPa £ CHET %, HBARTA
WHTBLEHE (reversible adiabatic compression process) # /€ L 7= 35E DJEMEZESKIRE (C) (temperature
of the compressed air) ZK® &, 72¥, AR - HHODFEE (inlet and outlet velocity of the compressor)

IZERTE D (ignorable) & LTk,

EERICIE, EMESEEIZ300CTH o7, ENEEOBERIZ (adiabatic efficiency) &EEHZ 7
DEK[DEE (kg), FTIEZR/LFX— [MJ]) (required energy)® I Z1RD &,

LECEMER, FEARICIX200CE TIREMET LTV, BRNOLOZEK ORI (air leakage) 1372
WHDE LT, ZEADESN (MPa) R I,

Q@ DIRFEN L WTES = 0.8 DOIFREEL AV CUEBRKEE THESH (expanded to the standard
atmospheric pressure), F5EH% % BFE) L7 (drive agenerator), FZ/EHR DZEKIRE (°C) (temperature of
the expanded air) S HX D H L7z =R F—IZ X B EIEFENZE (energy storage efficiency) %R k2,

708, FEMOEL (loss of the generator) [TERTE A HDET 5,
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LI T, WAVIER CHEMMESL L, B—RIicHk> =
LT 5, Di
DRI 2IZARTESBRRIET (EF7:pd) ITKEIZBNN

7= 4ekE 2 XV (converging nozzle) ZIRAVDEE p DULfE

BEZB, JAVAOWE CTORE (flowvelocity) % w,

FEF) (pressure) % pi, WTEIAR (cross-sectionalarea) % S & :——\g
T3, £z, / RVHOBE TOMES (et) OWGEE v (v — >

>v), BEEES (5<8) &L, /ALOEATOMER p > —>Ps

DEAFIREE po IZELWET B, 22T/ AVHATD tz_////ﬁfj

MHOBKITERT LN TE S, cokx, STl o

WIZE 2 L,

) M1 oX5E, JAVHIERTREND L) REFRESHREL TELD, Z0&x, /AL
OHADDOKER CERORNEEZLDZ LT, wé vOROBEGRKEEHE X,

i) SNX—ADAEEBEZDZ LT, vk vy OROBRRAE BT X,

i) 1 OBREFEEEZ L E, /) ANVBL HERD K, ZEL AVvERNLSEERE
(volumetric flow rate) % Q & LTV,

V2D & D10 ANVONMAEBEDIR CRENSD LD R—EOWERES OREBBELE - & &,
JANVICBL AIDORESEMEERE 2L, $H 1, 2 TEETAIREEEL NI LT/ AL
W FTICEVWRAE L AERZIRAL,

2) JANVER3 DL ICKREREENICKEICHRE LIREBEE XD, ZOEBIIKKET (£77: pa)
ICRRBEINTWS, ZOEBIIBRETOR L TE LTEMEL, BIEEEIS B 2RV ETFTTWA,
DL EEREBGRINDEEIIFEOMETHY, BEIX) TH D, TRIOKEI+SICKRELRK
Hm S OB (LITERCE, REBRHOFELERTE 5, EBITAENLEE 1 £ THRINHIBEE
TOBERBEHTEZLT5, 22T/ ANADLEHT ZER &RV BT b RENRES T 206
DOEBICBREREL2EZ25, /JALVOHOOMNEBICHE 1 2L, TITOEHEp T35, /X
BT ZEROTWEE v & 15, J AVONERE S EROMERIIZELL §Thd, £z
DEE, BENOREOFTED

WEE v, &L, BEDOHEESL Wi 1 W 2
s, (L r>1) &35, i —om T =,
BEFAITEVICRA L, §iE 2 e S = -
BNV T —RER R v 12720, L e
ETEREE p i85 T35, 4
ENIEEY ¢ LTBLELT S h
DOEWICE 2 &,
) BEBROWEwWE v, vs, r & a

AWTEYE, \/ v

i)y IBERIEDOENE pa—p1 %
Vi, vs, v, pZRWVWTEY,
iii) BHE D3 R BE 72 B /[N DRE T IR
vize g, h, rERAWVWTEYE,

X 3
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(1) LIZRT X 5 W& (cross-sectional area) 0.01 m?, ¥ 7% (Young’s modulus) 200 GPa,
HIZELREL (coefficient of linear expansion) 10X 10 strain/K D HFEMFE (solid cylinder) A3
FERINTWD, BOTLOREND, £2EOEENSOK EH L L XICRETIEFRIEN

(axial stress) KD X, T HIT, IR L 45 EOAEZ T REMEICBIT 2 ABES (shear
stress) RO X, 727ZL, FREFII2HETHT L,

X1

2) R2ITTRTEIRERIOMBEHELZET2ARHILY (cantilever) & X 5, i A IRV
T, £ E (concentrated load) P % THRIZIZMZ, EHIZ b2 (torque) TEMZ B, LLTFD
BIVMCE 2 K,

(a) ZORELIEY ORE _KE—A 2 b (moment of inertia of area) % 7R+,

(b) ZORFLILY ORE _KRIBE—X k (polar moment of inertia of area) % ¥,

(c) ZesmHERRE o THWIm® ESRIZAIE T 58 BIZRBIT 285 MG/ (axial stress) Z3R s X,

(d) AHROR BIZBITAEAMWIGS (shear stress) &R I,

(e) BUITDE BIZRITAE—/LDi7H (Mohr’s stress circle) ZHiit, HOHLMEE & HARH B
Jis 77 (maximum shear stress) ZBHEEE X,

(O ATRO A BIZHIT 2 HAKFEIST] (major principle stress) % 3K &,

P
T/l'\A

X 2

(3) EHHREDILY (beam of uniform strength) & 1%, LD OEFENZIB > TEDALE TS, X0 Dl
ﬁfmﬁiﬁﬁlﬁ)ﬁ?ﬁ (maximum normal stress) B—E L RBIEVDZ L THD, M3ITRT LD
, —HR/R3AATE (uniformly distributed load) p 23004 2 MBS XY  (simply supported
beam) 2B Z 5D, 1T OWEIE, 18 b DER (rectangular) & LT, 139D DEZ (thickness) 2% x
DEFELTh) TRINDIHDET D, ITVDORIIZLTHY, EEx ORAXE3ICRT X
TV OFRET D, BITORWICER X,
(a) FEAE x DRA%K L LT, 130 OBE ToOMFE— A b (bending moment) M) %K &,
(b) FEEAE x DEAE L LT, XY OWE CORKEEISTT 0ma (0 %KD L
©) FERIDITV 2B L2102, EVDOERA)ERO L. 72720, RV FREx=0I1CBITIE

HEHELT, hx)%, H, L, x DEETEY,
p

S =
h(x)
X

| L

I rd

4 3
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2RI EEWTE (rectangular section) C, & (length) & [ D F 513D (cantilever) D Feim 77 & (load)
PER LTS, 110 D g (center) DR A L& (upper surface) D& P & OVF i (bottom surface) D 5. Q
IIXOT A — 3 (strain gauge) 25 x il & 45 [deg] DAE TR SN TV D, OT R — P DORIERRIL
LUTD®EY Th D, 110 OHEEMIRE (Young’s modulus) X, E=200[GPa] TH YV, &R T Y . (Poisson’s
ratio) 1Zv=0.3 ThH b, MEF, BIIHEDOEL (centroid) BV, MR P,QDIxJ] (stress) o:1L0 &
T2,

. // Fy* F,
7 s y
®
&
TE

BEP: g;,=10X10° e;=10X107
BEQ: e;=-3.0X10% &7,=-3.0X107°

SUITER L TCWAREF, F,20 TR —VOEL VKDV, LLTOMWIER L, 2B, ME
(- IFTEBINTVARLELHVWCHERRE R LEL L,

(1) 120 oOWEO~1E (dimension) 2%, KD X HIZM&E (width) b, & & (height) h TH D & %, B
WE— A b (moment of inertia of area) [, 23K X,

(2) BEm (wall) BT AX AR S (reaction force), FE—A L~ (reaction moment) %K K,

3) IZVIZECIHEHITE—A b4 F (bending moment diagram) % BI7RE L,

4) XV DOEP, RQIZEUBIGS (stress) ZRD L,

(5) Fx = 0 DIBAIT, M ADHIH (deflection) & 7ziF4F (angle of deflection) % 3K I,

(6) Fy, = 0 DFAIZ, 1L OEERE (buckling load) ZRKH X,

DT ORE M -@®)1F, 1E0ORS 1 =2000m], @b =30[m], ®Sh=200m]& L THECLY
SREEEER LER &

(1) AP RVEQIEBITAVTHRS, —VDEL Y ET—LOOTHA (Mohr’s strain circle) % Al ERE R D
EME & FV TR,
(8) EIMEA L TNWAIE (load) F, F,OEZRD X,

Lk
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(1) LAFD¥E W (sensor) & 7 7 F = — X (actuator\Z BT HRRRAIICE 2 &, *

(a) #BEWAIEBEE > ¥ (ultrasound distance sensor)33 & VIR /M FR N BEBE = o Y (infrared distance
sensor) D 5+ H (sensing method)IZ DWW TREBAE X, £ 72, M3 O FEF(advantage) & £ FT(disadvantage)
(DWW TR XK,

(b) 1 IZRENTWS 3 DD FEF(circuit element)% VYT, DC & — 4 (DC motor) 2= [B] ¥
(equivalent circuit)yDEIEXK Z# {EpHE &, 7233, DC &— & ~DHINIEE(applied voltage) V HIEADE
BFHand VEEOTHARE L, VE2—FLLeE, T—FRELELTVAREL, EEEE LT
DAIRFETIL, E,B LU — & FEff(motor current) L 23 ¥ D L 5 IZEL$ B0 X,

~AN—  —000-  —
R L E,

17 P

1
(2) BLFOEFEIE(electronic circuit)lZ B3 A% IZE 2 &, *

(@) WM2DAEBIYT—/RRT 4L F(ow-pass filter) & LTHWOLNALDEZBEIRL, TETK
2 Ko FTXEDA v b AT EHEE(cut-off frequency) &= & 2 L,
%R

R , C
777
B

il

Vin o

out

(o]

M _|_ o/ out Vs o)
(
]
A

X 2

(b) 3 2T E BT BN EN 2] B (bilateral constant-current source) % VYT DC & — 4 (DC motor) % BXEh
TAEE, DCE—4 LiEHi(register)%, K3 D ANDL DD EZIZERETA2DONLWNEZ X,
Fiz, BIBOANEEER Vi & LizL & D DC £—F 2 5 EFi(motor current) I, IZ&HEH D
BHREZANTEOLSICHETE A2 NE 2 L, ZO, SFEHMENK 3 O &2 0BRSS
LTWA0 AL 725 X AT % D7 TEEYE (Bl : Ra, Re, R, Rp) o 72BH 3 DART 7,
HEA T 7 (ideal OPamp) & L, E—F 2 EBMMENT 5 DIZ+HoeEREE b 2b D ET 5,

>
A

Cc

B

3
TG U T (variables) e B £X (constants) & 2181925 = &, Yk
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(1) TR@BELGOUITRT T4 —R 7 AT L(feedback systems)IZBIL T, £NE NN — 7 =ZBEEK
(closed-loop transfer function)% 3K & &,

U Y(s)
Ufi)_t?_, ) ) (S)i Gits) O i) —;Q-* Gils) Gus) |
+
H/(s) T
(a) Fig.7-1 (b) Fig.7-2
R,

(2) Fig.7-3lon T ER[E E(electric circuit)?> AH, F1RAFRIZRE —AANN——

U CHFMEfEE(in the time domain)iZ 1T Ay HFRE

(differential equation)Z&EH X, EBIZ, ATJv(s)IZEAL o | 41 Ih——o

AT T AN MATZBED H T DI B ve(s)% K X (unit

step response), 72¥, RiFHHi(resistor)(i=1~2), Cti= c C

7> (capacitor)E &9, R,

_ . vi(t) Vo(¥)

(3) uT@ﬁ%ﬁ:ﬁ@C%Z;o o

(a) PIDHIEIROERIC OV TT oy 7R THEREL, Fig.7-3

Z OB, (1) 5 5t 8 (controlled object), (ii)#& Hi &l
(sensing unit), (iii) B £ = (desired value), (iv){@ZE(deviation), (v)E{E&(manipulated variable), (vi)ill

f# & (controlled variable), (vii)ELfFl(Proportional), #8455 (Derivative), &% (Integral)?D BA{AMEE KR &
&o Fz, MOEMELBLSEMEOBEIZOWTHAT L,

(b) EFEQ@DHIE AT AR THIESREA(), FIEIBEB(@), METDOT AL 21LTDHEE, Ty
IHRETHRYE, Fo, ERREDN0.051272DL572 A1 &F DEEDKDEERD &,

g
As) =7 %(s+2>(s+4> B =K/ 13

(4) FigT-4TRT 74— RN\ I RINBEEERDIeD DKO KM EEH WL,

I(s) « K (s+2) O(s)

B s (s+3)(s* +25+2)

Fig.7-4
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(1) &RBRMBHZRIT 2BV (mechanical properties)IZB8 35 TRROBIWITE 2 £,
(a) [E¥E5R{b(solid solution hardening)D A /7 = X AT DV TERERH L,
(b) T Y H(Poisson’s ratio) & 1L E 5 WHEMNEEE, Z DEBMEIORT Y UHidEh 6V DfE
MR,
(c) 03254 F(body centered cubic)%H § A B2 KIB CHEATABRICEE T & Z L 28,
(d) FREERIDOKAEIZDOWT ED L D R EREEN D 5 hitd,
(e) BDFFROT BT DOV THINEMEM LI LN 2 & 2R,
() EUM(toughness) & LR TR EE (vield strength) D& Y & 508,
(2) BHOTHBEMT B L LT HEAB IOV TEL(dislocation) & W 5 SEA A L CRAE X,

(2) SREAMBHZOWTOTROMWICEZ &,
(a) EHLE!E VSR (substitutional solid solution) & 172127, AR L TEAAE L,
(b) RFEHZBT B AN (quenching) & 13 & H W 5 BRI SFLA| X,
(¢) IRFRETBIT B~/LTF %A h(Martensite) & 15 & D W o 7= & 23R XL,
(d) FERNWERE(Welding) 21T o7-® CEES RHBIE TS HEBAZHAT L,
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