Final Examination Sensing and Actuation AT74.03 May 7, 2021

Time: 9:00-10:30 h. Open Book
Marks: 100
Attempt all questions.

Q.1  Water flows from a pipe with 5 cm diameter (D1) through a pipe fitting adapter to another
pipe with 3 cm diameter (D2). Two pressure sensors are used to measure the water pressure at
two locations locating 2 m height difference (h) as shown in the below figure. Determine the
volume flow rate of water (Q) when the pressure difference (Pi-P2) indicates 50 kPa. Assume
water is incompressible and its flow is frictionless. Use water density (p) of 1000 kg/m* and

gravitational acceleration (g) of 9.8 m/s”. (20)
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Solution
From Bernoulli’s equation,
P, VP P, | VF
?+7+g21=?+7+g22 (D)
A PP
N \/1_(A22/A1)2 \/2( 1p gz - ZZ)> 2)
_ mx0.03%/4 50000
~ J1-(0.03/0.05)% (1000 +9.8 % 2) 3)
Q = 0.0097 m3/s “4)

Q.2  Doppler ultrasonic flowmeter is used to determine water flow speed. When water flows
to the right direction at 25 m/s and the frequency at the transmitter is 40 kHz, the frequency at

the receiver is measured at 39.5 kHz. Determine the water flow direction and its speed when the



frequency at the transmitter is 60 kHz and the frequency at the receiver is measured at 60.2 kHz.

(20)
Tranamitter, froquency f, —
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Solution
The frequency difference of Doppler ultrasonic flowmeter,
fo—fr =220y = kfy (1)
40 —39.5 =k x40 x 25 (2)
k = 0.0005 3)
60 — 60.2 = 0.0005 x 60 X V 4)
V =-6.67m/s (5)

The water flows to the left with the speed of 6.67 m/s.

Q.3 A thermistor is used to measure an unknown temperature. During the calibration
experiments, at temperature 0°C, the thermistor resistance is measured as 7476.98 Q; at
temperature 50°C, the thermistor resistance is measured as 773.92 Q. What is the thermistor
resistance if the temperature is at temperature 100°C. (20)
Solution

The relation between thermistor resistance and temperature is expressed by

1 1
R = ROeB(7_T_0) (1)
At 0°C,
1 1
7476.98 = Ry’ @5 7o) Q)
At 50°C,
1 1
773.92 = Roeﬁ(ﬁ‘ﬁ) 3)
(2)/(3),
747698 _ p(%_ﬁ) )
773.92
B = 4000 (5)
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At 100°C,

1 1
R= Roe4000(m_ﬁ) ©)
(2)/(6),
7476.98 _ 64000(%_%) )
R
R =147.15Q 8

Q.4 A multi-junction thermocouple is used to measure the temperature. Determine the voltage
output of the thermocouple of the condition as shown in the below figure. Thermoelectric
sensitivity in combination with platinum of several materials are given as follows: Copper is 6.5

uV/°C, Chromel is 25.8 uV/°C, Alumel is —13.6 nV/°C, and Constantan is -35 uV/°C. (20)

100°C 80°C 120°C 30°C 150°C 150°C 30°C 120°C 80°C 0°C

ConstantanI Platinum I Alumel I Platinum I Chromel IPlatinum I Alumel I Platinum IConstantan

Copper Copper

Solution

Based on thermocouple properties, the thermocouple at the given condition can be simplified as

100°C 0°C
Constantan
Copper Copper
o' e
Solution
VO = (SCopper - SConstantan)100 +C+ (SConstantan - SCopper)O -C (1)
Vo = (6.5 4 35)100 = 4150 uV = 4.15 mV )



Q.5  Determine the power equations obtained from (a) voltage feedback (b) current feedback
and (c) current and voltage feedback servo amplifiers as functions of load, R, when the amplifier

input voltage, Vi, is fixed. Roughly plot the powers as functions of the load. (20)
Solution

(a) Voltage feedback servo amplifier

va
Vout = — R: Vin (1)
mn
2 2
p— Vour __ RofVin _ Ki )
RL RZRL, Ry

Powver (F’IK1 ]

(b) Current feedback servo amplifier

R
I =52 Vin 3)
REVAR
P = ILZ,RL = —g_z REL = K3R; “



Power (P 2)

Load (RL)

(c) Current and voltage feedback servo amplifier

_ _ Ry Rys
Vout - _R__Vin - ILRS R_ (5)
in cf
RyfV; RsR
P=Vyyl, =——L21, - 17— 6
out'L Rin L L Rcf ( )
P
I, = X (7
p=_RuVin [P RsRos P (8)
Rin Ry, Rer R
RsR RyfV P
P(l + s vf) — vfVin 9
RchL Rin RL ( )
RsRyr\°  (RofVin\2 P
P2(1+—s ) = (RLm) 2 10
RchL Rin Ry, ( )
RoRyr\ 2 RyVin\2 1
P<1 + "f) = (RLm) (11)
RefRy, Rin RL
R%:R?+2RR,fR.fRL+RZR? R2.V?
P( cfRL s Zf ;f LTRs vf) — vzf in (12)
RZ;R} R2.Ry
p= RngiflefRL 13
" R% R2.R2+2RRy,rR.rRLR% +R2R2R? (13)
inftcf L sRyfRefRLB i TRs Ry fltin
K3R
= 2 o~ (14)
K4R?+KsRy+Kq
_ K3 (15)
P = K4R,+Ks+Kg /Ry, 15
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