2017.09.20 _o_e

2017498 +-2017448A%EHE
REREEE T FHMERBGIER

REEMITEER

EMEBREK GEBRHEE)

© MRERAENEI~—VH 2L 2 RRMABERICHERB LRIV,
© EZEMRERTHREY P IMH D Z & 2HBREBERICHER LRSIV,

FEEHE (Notice for Examinees)

1. ZEBiRF¥E (How to choose subject)
(D) EMBEIXMERE 20 LRHESEE 8 THEER LTV,
(The elective subjects consist of seven problems, starting problem No.2
through problem No.8)
(2) MEES2~8DHTEDI b 2EEBR L TRBETHZ L,
(All examinees must choose two problems from seven No.2 to No.8)
(8) BEULMELI-SEE&ITESE L, T_RTEREAOXNSNLET B,
(If examinee answers more than two problems for the elective subjects, every
answer in the elective subject is not graded.)

2. fEEFH1E (How to make answer)
(3) FREIIHIBMERBORB S TEICERATA Z &, BERORBANIERARIZRLE L2V,
(Separate sheets provided should be utilized for making answers. All
answers must be written on the right/printed side of the sheets, that means
any entries on the reverse side will not be subjected to grading answers.)
(4) MBERBIITHD B,
(There are seven answering sheets.)
(5) BEGHENTELIBERIIMEALTRY, LEL, e/ 7 28EE0d5EHIT
ERATE RN,
(Although examinees can use a scientific electronic calculator, no types of
calculators equipped with pro-programmed functioned are allowed to use.)
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KD X 9 72t Bl O EiE AT A/ IKOEAZ#H:ZE (Counterflow heat exchanger) 2353, LA TFORW
WWEZX K, 2B, WBEWIBRECILT—ELT D,
(1) EEIAEOAODBIUOHOO= Y Z V% L (Enthalpy change of the high temperature gas)
Dy DEHABE DBATR O (Heat duty of the heat exchanger) [kW] %k &,
(2) FEITWB STV S L{LEL (Adiabatic condition), AKEIOHAEET, ['C]% ko k.
(3) BAAZHAZR DRI EWIEEZ (Logarithmic Mean Temperature Difference) AT, [TClaR7=\v,
DT ORRAOZEMEED, Z OBRHRIBOMCEEEEZ2EHHE X,

WNEE da 1281 @R TMERBOREDO = 2 Ve EIZENEh,
m,c,dT, = K(T, = T,)da

., dl. = K(T, -T.)da TR Sh 5,

. . h c
m,c, m.c

cTcC

I 2 REELSED L, d(T,,—TC)z{ kK _K ](T ~T)da  »E>NhB,

1 K K
INEERSELT, | ——d(T,-T.)= -
NE BN BEL T I(Th—TC)(” ) j(mh(:h mCCC]da

(RINE RS T, ( K _K Ja,:m(u] SR LB,

m,c, m.c,

n - ta

Q&iQ=_[K(1},~TC)da THY, ThEQ=KaAT, L LTEREIE, AT, _( )= )(g

—

B, 2B, a =|datT 5,
(4) FIEBVRZERE K % 500/ (’K) —F & LCREVEREa, (] %2R X,

m, =03kg/s ,T,,=250°C ¢, =1.2kJ/kgK

i
e T, .- ,
m_=0.1kg/s S P S [ O
[4 : - v —
w/—-""”f = 90
cA2KIKK = g sow/mK ¢ |lda =2 " C
T.,=20°C .

a=Tm ITFJ

T,,=300°C
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TRO XS ICENBAE, Kt (vater jet) ZEFEME (volumetric flowrate) @ THWEIZE TTW
5o ZOMEL, EE VT—TBIZBE L TWARREE XD, Kk, WETHITLN, ZOBMEITX
LCHERENC B 0&ER) EE~REHL TS, 28, HFOOOEFT COKMROEREIX S, @D
MNBOEMEIZ S, ThHbH, KOEE (density) p &£ T2, WEDEE (nass) M, ENMEE
(gravitational acceleration) g, ENEE{REL (dynamic friction coefficient) u & L, KF DAY
LKDE XNIEET B,

1) WEIZENTWAHERRE X,

2) OoMETOWEE A FFIEEE) »oBHEIL-L0EE % X,

3) QDR TOWMEL B_(iEL) POBEILIZLDEEZ X,

4) QOHETOFREL A_(FILEE) »oBRILEZbOEEL X,

5) QDA TORELYB (E L) »obBHEILEZLOEEZ L,

6) BHEFAOHVAEVEEZD, KOEBEFH NZ2EHT L,

7) ZOMENEETBHL WD ZEEFAL, KEFRAOHYAVORZEHY L, ZOLT, B
ENEEE VICOWTHRT, 7ods, RO NEERA L THEE LR, AL, &KL, VORVWIREE
THEETDHT &,

8) ZOMEDESVERELSTHEDITIE, KROEES, SIFEDLIRarT o a VUBHEIGL
W, BEEEZED TELLHRBAY X,
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TRUNZART K 21T (elastic body) THY, FRrOHEHEEEL, EXIOER, EHOD
BETH (wall) \ZRNZERTE (rigidly fixed) SHVTW5, AT, Elfe X7 x8EIVA 7y PLEZAA
ZRRET D, RA X VEEm OWEM DB/KFEFHW (horizontal divection) (- x BiF W) (ZHHEE u (initial
velocity u) %5, BHBET (freefall) ZBEL, R A T, TEIEBIEEZ (completely inelastic collision)
REETEREL, T0RIZEBE—KL2D, BREER (deform) LT,

BOERITR A THEIL, DEOEEN 0ITESREET, 13V D72b& (deflection) BLT, al
W (torsional angle) 1%, FILEI, v, 0THY, HB TOTH (strain) ZEHEILT-,

BEMBEE (acceleration of gravity) [IEE T A% g & L, WIROENWIZEE) (dynamic behavior) 1Y
B (quasi-static) LR\, WEORE I LBOBE (selfweight) DEEIIERT S, IHIT, BUH
M (axial rigidity) 1E+2ITRE L, BOMBMEIIER TS, WEEERE (ongitudinal elastic modulus) &
REFEMELREL (modulus of ransverse elasticity) 1%, TNWZEILE, G &L, WiE _IRE—AV b (moment of
inertia of area) , WriEl —YRABE— A >} (polar moment of inertia of area) 1%, F A TEEDVIR & ZEHR L,
—#% (uniform) L L, ThEhI1, L &35, UTOEBWNIEZ L, U

M

!
1/2 T B ¥

7 M ﬁé/—

(D RAE, ERCRTEOICAA LD, -h, 0)DHEEECHS, HEMMNE
AXVEHETL, A TBIUERTIOICLERd L hOEGEERD X,

(2) EHIZRLE B T, BOLEEICBWT, OTHF— (strain gauge) 1= &
D, UTOOTHEHEI L, T—NLOOTHE (Mohr's strain circle) %%
&, EOTH (principal strain) DEEL, TOFRMERD X,

g = 4.0 X 10 gy =40 X 10% gy=-1.0 X 10*

(3) AT Yk (Poisson’s ratio) % v=03, E=260GPa & L, YEiG/1IREE (plane stress condition)
ZIREL, IS (stress) op o, 1, DEZRD L,

@) TRIZARTEIICHEM OFEEN 0 & RoER COMELIME (static external load) F & L
RAVHERT 2, WMEF BIUOMOEEZHANWT, RBIZBIT 3o, 1, 2RO X,

F F

AN
»Lg
=
RS
N

o

BER (M 1: L)

1 ! K
A
% -
3
/ $— \\i/z
yO A y

(5) WEFIZK2BOBEOT L RF (elastic strain energy) ZRD X, 72721, TAMS (shearing
Jorce) DERNVFIIHT HFEITERT 2,

6) IEMMPERL, EEN0ICRDIETIBIZEZ DXL ERD X,

(1) RBIZBITDIEH0, 1. 2BEOEER, ISHEIVHEMOEEm 2RO X,
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X 11ZRT & 512, & Z(length) I DLV (beam)?s, & A, B THHiXZEF(simple support) 4L, = AN
O BEEf(distance) a D & C IZHV TE P E (concentrated load) F 2MEA L TW5, £72, K C IRV THr
T ZYRE— A > I(moment of inertia of area)l3IZ{t L, AC M OWiE —®kE—A > MI I, BC EOWmE—
WE—RA v M2 LT 5, HEEMERE(Young's modulus)iZ E & L, 13V @ H E(self weight) DB EE 1 T 4R
9D,

(1) 2 iTRIBEBRICBIT 5, Ri(centroid) O DB e &, RLEZES zEIE bV OWE _KRE
— A > b (moment of inertia of area) Z R K, 7272 L, h=3,b=8t LT 5,

(2) A A, B ZNEFNITRIT 5K EK H(reaction force) Ry, Rs KD &, 728, XERK 1 DIEFKF B(positive
sign) XX D RENF T (arrow direction) &35 Z &,

(3) KR ACIZBWTH A 2D DOFERES x OWFEIZ/ER 9 58 AW fi(shearing force) Ox, HHIFE— A
> b (bending moment) M; %K, XY O AW FI#RE(S.F.D.: Shearing Force Diagram), 35 X Ohif
F— A2 MEX (BM.D.: Bending Moment Diagram)Z B/rg &, 77 L, FEREITIZZEOEEE
AT BT L, 2B, RAMABLIOHITE—A L FOEFBEOERITIIKTRT Z &,

(4) KM AC L XE BCIZE 2 b5 BIEOT A= R /L X (elastic strain energy) & Z I EALRD &,

(5) KMIAC LM BCIZEZXONDBEVOTHIRNERELL RS ACHDER a 2RO K, &
Bz, EOREOR CITRIT 5 7z (displacement) % 3K ¥ &,

(6) £z, ZOROR CIZBIT 57 AA(slope angle) b KD 2,

1 2RTXESNZIRY

=
o
Y N

b L]

yv
X2 BrimEdk
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(1) 7F 34+ DC E—# (Brushed DC Motor)iZ DWW TLLTF®D (a)~ () DFEMIZE Z &L,
(a) ZOF—H|IRDFEEES (composed of following primary parts)2> 572 508, £ O EX & H &
(draw its internal structure), &7 IZXTIET DFLHE A~E & E XA O (enter symbols from A to E),
A:t1— # (rotor) B: AT — # (stator) C:=2A Jl(coils/windings) D:7 Z i/(brush) E:ZEJfF(commutator)

(b) AT —ZITILAKAREA (permanent magnet) & ERLA (electromagnet) D & 5 5 A3 {E 3L 2 H>(which
oneisused)& z &,

(¢c) ZDF—H T aA VIZEJR(direct current) % ¥t 9772 1F ClEl#s(rotate) 3 5 23, & OEIYEFRE (explain
how it rotates) % FiEAE &,

(d) aAniZide —#% OEEREL wlrad/s]iZ L5 (proportional to rotational velocity) L C&EE E[V]
(voltage) 23 F4E (generate) §™ 2 2%, Z L& (i & FES D (how it is called) & % X,

(e) IANDA VH T F 2 A(inductance)iT FE 5712/ X < (negligible small), & OHNEHHFL (internal
resistance)® R[Q1& 95 &, & T A-B [l (between electrical power terminals A and B) D2 [=]

¥ (equivalent circuit) lT FRID X H IR T Z LR TE 5,
R[Q]

Awfmmj_

I[A] E[V]
B
Figure 1 & —# O ER 7B O S ME B

TDEEn—Z DIEMT— A F(moment of inertia)lXFE I/ E L, A MVY T [Nm]
(output torque)id =2 1 VAL 5 B i[Al(coil current)iIZEEBIT A D L LT, T—F DRERTF
% 4% (short) =¥ 7= & & D 8l (output axis)iZBiT A b o & @@K?ﬁ@ﬁgéﬁ-ﬁ%*@ X (derive
relational equation), = D, E=Kx 0 T =Cxi D KL CZ ED X I IZHEIIHR LT

(if necessary) X - 2% (constants/coefficients) % i€ # (define) L T &t & (calculate) ¥ X,

(f) (e) IZBVTHEE K (reduction ratio) 2% N:1 D JEEHE(reduction gear) & £ (adding) L 7= %
bw&&@%ﬁ&m%%t%*bi

(2) E&—#% OEH:f E (rotational angle) Z T A 72 HIZA 7 U A v Z BT L 2— F (incremental
encoden) ZAIND, ZIIETRO® X 5 IZFHEIZ 90°72 1 iLFH D& 9 (mutual phase difference of
90[deg] ) 2 D> DFHEEH S (two logical outputs) 2 F->, TN HDOH % ED X 5 I12f5 5403 (signal
processing) 9 1LIL[EIER D A FE 3 L OVF [F(direction) 2 1 Hi(detect) T 5 Z & 23 TE 2 O FHAE &,

mz{J
HiH12 L

ElixAE
Figure 2 A V7 VA v By a—FHA
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(1) ®1 (a) & ®)izmtT7 ey 7K (block diagram) IZ3V T, I(s)& 0(s)IETENENAT (input
signal) & H{E 5 (output signal), G,(s) HFFK T 1 v 7 ORZEBEE (transfer function) XY, 72
B, IFTEIFEBLTWS, M1 (a) & ) ZNETNDEEREK 6(s)= 06)/1(s)ERkd X, T T,
(SIITEME L TRV,

I 4 0
e o :
63 < G4
. , G4
(a) ' ‘ ’ (b)

®1 Tuv iR \
(2) 1ROBHFER TR 4 o) = Au@®) (22T, ¢ HEA, u()EAS, v(OIHA, T & 4
R A ET) TEENDROEEEE 6(s)iT, Gs) =22 = 2 (U()IIAHES, VEHHES)

’ U(s)—Tsﬂ-l A
Thbd, TORCATy7TEK ut)=] t=20EBASLEZHBEDARAT v 7I5% (step response) i,

V) = A(l—eT) Ths, M EERETRE Lo, UFOMOCEL L,

(a) M2ITRT LT, EINCHERE SN 2O /NF (spring) (SR EE (stiffness) (X k, & k) &, 1
B & 27— (damper) > HHEER SN DB NFERICBWT, 2D NREZEMAR 1 DDONRFONNRER ki
k=22 w57 - L BEERE L,

ki+k,

(b) M21ZBITB2FDONRARE LEDOX V=D I IFERIZ, hEMRD5EDEESFERX
at, ZIZTC, fFExFRAOH, x(iX x F (RNRREFX U R—BEREDKIET x =0) DELL,
clIREMAREERL, 2EONRONREHE LT @ICBIT S kERWVE,

(c) M2 DAFERDEEREE G(s)=X(s)/F(s) (X(SNIEA (HAER), FGIIH(ATMER)) i,
d) R2DHFERDRT v TIRE B,

(e) (A DAT v FIREDEERR T. (BREDLXOHFEIZINESE TORERETE) 2RD X, =
=T, ks1(N/m), k=3(N/m), ¢ =0.4(Ns/m) &9 5, '

O.
ok ko >
ANV 7o
Mkl SN
g L .
% c X2 HFER

(3) EEEEK G (o) JITEEH, o ZAEE frequency), i=1, -, )220V T, DTOWCE 2
J:o .

(8) 3 DDEEBH 6100) =55, G200) =55 G3(0) = o= TRENICOVT, A (gain) LA
#8 (phase) RO HAETRYE, B, 7 A 1X20log,,lG(jw)l, MG, (w) DR A (argument) TH D,
(b) @OERZFALT, (D3 >0REBEHENEFNIZONT, AWK 0=0.1, 0.2, 0.5, 1, 2,
5, 10(rad/s)IZBIFB 5 A v EAMEDEEZ KD X,

(c) W) DFEREFALT, G(jw) = 6,(w)6,(w)G;(w)DEFEE »=0.1, 0.2, 0.5, 1, 2, 5, 10(rad/s)
BT BFA L EMNBEOEERD X,
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(1) €B# B OEFHiE (deformation mechanism) & FR{LEEEIZBE T 2 LT OBRMIZE 2 X,
(a) EEF{L(solid solution strengthening IR LT B 1B L,
(b) 7 U —7ZEF(creep deformation) & ¥EMEZ F(plastic deformation) D&V &k X,
(c) FCC &B D9~V F(slip systems)IZ- DWW TR L TRABAE X,
(d)DBT &ix& oW IHHEEFHAR L,
(e)HCP &£B N FCC &R X bEMM T REERERIZH 2HEB 2B LK,
() B#Edh(recrystallization) & (A2, FHEAE &,
(e) Mie&RZEE&WMT 52 &2t TAFEERL,

(2) @B BIOBEME, HWREORME L I TIEIC DWW T TORMICE 2 L,

(a) #HIHNT (extrusion)lZ DVNTELERR X,

(b) #rHi5#R{L A (precipitation strengthening)D 7 /L 2 = 7 AE&DES FIEIZ DN TR L,
(c) B— N 1 BEEEIME(mode 1 fracture toughness) & A0y, R&ER L CHAE &L,

(d) FEFHR(endurance limit) & IZ{A2HAR X,

(e) UTS (ultimate tensile strength) Z§XEHE I & T2 L ED L 5 REERRBET Bk,

(3) &AM DOESLE (heat treatment)|Z DWW T LA T DRREICE 2 K.

(a) IRFEZBIT B ~NT A HZE B (martensite transformation)iZ DV CEREAE X,
(b) 7 uERT =—1 7 (process annealing) (2> TFRAA® &,

(c) BEX 725 L(normalizing) |2 DV THLEAHE X,





