(Question 1: sign of ¢,,;) (Example 2.18, Modeling a Heat Exchanger)
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e The steam in the chamber has two heat flows such as (1) heat flow into chamber from the inlet
steam +, (2) heat flow from steam to water —
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e The water in the chamber has two heat flows such as (1) heat flow into chamber from the inlet
water +, (2) heat flow from water to steam —

. Tw — TS .
Guw — Qus = CwTw — wwcvw(Twi - Tw) - R — CwTw

R



(Question 2: Problem 2.13 related to realistic model of Op-Amp) Assume
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e (Ideal Model) we use v, =v_and i, =i_ =0

e (Realistic Model), at the node v_, by KCL, we have since v, =0 and i_ =0,
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e Since 107 is too large, we can have the approximate model as follow:
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a) H21-&= (Translational Motion)
° ngg_g%% 7}& X acceleration a, &% velocity v, 12|31 H¢]| displacement y2 7]&%t}
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(sum of external forces) Z fi=Ma

(inertial force)
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i. AAupz(viscous friction): 7} 7
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b) 3]H2% (Rotational Motion)
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(sum of external torques) Z T, = Ja (inertial torque)
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where J is an inertia, o = 2 = £ o: angular acceleration, w: angular velocity, ¢: angular

displacement
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i. A A ulzH(viscous friction)
d6(t)
T(t) = B———=
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1. A X|u}zH(static friction)
T(t) = £(F)lg
iii. Z20F2HCoulomb friction)
do(t)
T(t) = F—4%
d6(t)
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e For lead screw, rack and pinion, and belt and pulley
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d) x]*x}49 (Gear Trains)
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iii. ot2 gtHo 7 0,2 o] g5t EHSIA

T = Jooby + Baoly + Tor
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e) W4 (Backlash) and g|E=(Dead Zone)
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a) %5 A7|A=e] dlE] (Modeling of Passive Electrical Elements): #3}H(Resistor), 215 E(Induc-
tor), 7] o) ] E](Capacitor)
. di(t 1 ,
er(t) = Ri(t) er(t)=1L d(t) c 8 /z(t)dt
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b) ;<47]§_F',__U}94 E_C—HFJ
o S Z(Kirchhoff’s current law, or node method): o]
Z](Kirchhoff’s voltage law, or loop method): o] =
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I (Ideal OP-Amp), 7}47]19F 7H417] (Sums and Differences)
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c) 12} OP-s8=3]2 (1st-order OP-Amp Configurations)
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where Y (s) = ) and Ys(s) = 1( 7 are “admittance” associated with the circuit impedances
. QMEAL 22 A5 3 AR TR, Qe s} AN s Ao] B,

RO



4. Aoin2Ele] 77|19k Ba)
a) A zHA|(Potentiometers)

o 71AH oA HAH oA West [7)7]AH Wg)
o 3| AYT} MY A4 (Rotary and Linear potentiometers)

Sliderblock with
dual guides

Dual gold plated
slipring contacts

lousin

Solderable brass

Both lids glass
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filled nylon
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b) 3]A 4T A(Tachometers)
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Motor
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o S|A&EL A Y] (The dynamics of tachometer)

Encoder

do(t)

Gt(t> = Kt dt

= Kw(t)

71 K= S|AEEAATS (tachometer constant) [volt/(rad/s)]
o
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¢c) =2HX 57|, lgg|de dF Y (Incremental Encoder)
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o AHH S 7](absolute encoders)= 920 W= tjx|g A5 S YAt
o %—E—l‘%iﬂ (Incremental encoders)= =712 uhE 0] A XG5 AAF
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11.
111.

01-00-10

Light
source
(lamp, LED)

4

= 53 =
— Sensor
+ 4 (photovoltaic cell,
phototransistor,
photodiode)
Rotating Stationary
disk mask
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5. AloJA| "o A 9] de HH
a) dcL g 9] 52 92| (Basic Operational Principles of DC Motors)
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where K, is a proportional constant
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b) GFAAY de HE 9 7|2 EF (Basic Classifications of PM DC Motors)
o de BHO| A4e GEApAoIt AA A 5] A
o dc =¥ 9| T
1. Iron-Core PM DC Motors
ii. Surface-Wound DC Motors
iii. Moving-Coil DC Motors
iv. Brushless DC Motors

¢c) 9FAAS de Ry o] g (Mathematical Modeling of PM DC Motors)
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Stator

Permanent-magnet
rotor

¢ Magnetic

flux

o GTAA Ot (A YA, LHe] ofs] AAEE AL ket 2.

Tin(t) = Kiig(t)
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od 714 7| E &(back emf)= ¢, = Kyw,,©|1, K= 971 A 8 A4 (back emf constant, K; =
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*(ea<t>)o gepold, S92 AAF Simof A

d) REHEIA T g71HE
o H7|A &I} 7| A A %_‘g (power)

P =¢(t)ig(t) and P =T (t)wn(t)
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