FABE 5160

Name _ Sedutiows Sample Exam 111 - 1 Au2d
Lab Section
Closed book/notes. Adequate work must be shown 1o i dit for problem. Mark There are eight pages,

100 points and 25 bonus points for this exam. A formula sheet is provided which includes some data for water and Laplace
Transform theory.
(Pis)
(6) | Discuss'describethe basic operating principle of each ofthe following control modes. Indicate which have offeet
and which have no offset.
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(8) 2. a. Daermine E{,) for the feedback control system shown below. Put the ransfer function in standard form,
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() b. Determine whether this control system has offset by using either the final value theorem in Laplace Transfonms
or the parameters of the system transfer function.
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(4) 3. Describe the basic operating principles of a negative fesdback control system.
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(4) 4. What are the lwo main uses or functions of a feedback control system?

2. Gw maita toie the controlled yartablec t the despieed
Velue T the face of diturbances

. to chonge the contrplled vaprable e prescilied manaer.
5. In tuning a PD controller using the ultimate or Zeigler-Nichols method, the ultimate gain was determined 1o be
2.5 gpm/psi and the ultimate period as 1.4 minutes.

(6} a). What would be the recommended gains for operating this system?
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() b). Relative to a step change in the setpoint of this system, what objective does this method of tuning a

control system attempt to meet? Show a sketch to support your discussion.
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(4) 6. What are the Iwo major concerns or challenges when employing the derivative control mode in feedback cotnrol
system?
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(6) 7. A PD controller experiences a change in the error signal as shown on the graph on the left. Sketch the output of
the controller on the graph to the right noting maximum and steady state valupg, Error and controller output are
both in volts and K, = 2 and T, = 3. Controller transfer function: K_(1 + T,
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(3) 8. a. What is the theoretical minimum sampling speed required to digitize a signal? What happens when the
sumpling speed is oo slow?
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n b. What is the recommended sampling speed lo accurately capture amplitude data?
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(%) 9. A U-tube manometer is to be used to measure the pressure (psi) in a vessel, The specific weight of the manometer
fluid is 0.18 Ib/in’ % 1.5% and the difference in the height of the fluid in the manometer (h) can be determined
within % 0.2 in. Determine the pressure (psig) in the vessel and its root sum square uncertainty ifh =25 inches
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10. What would be the maximum range of the pressure (psi) measured in the previous problem if the ercors were
combincd in the most detrimental way?
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tl. You have been assigned to design a data acquisition system that will collect pn:ssure data from & h)'dmullc
sysiem in & moder tractor with its higher p ranges. The p ilable has a diaphragr
that deflects under pressure and is instrumented with four strain gages all active and cnnneeu-d AW heutsione
bridge. A data acquisition card interfaces the d with the computer for data i

Known Parameters:

1. Working pressure range of transducer: 0 - 3000 psi

ra

- The output from the Wheatstone bridge goes from 0 1o 30 mV over the working range of the
transducer.

[

- The output of the bridge is conditioned by a differential op-amp to wtilize the full range of the ADC
on the data acquisition card

B

. The data acquisition card has an analog input range of 010 10 volis and the ADC resolution is 10 bits.

(3) a). What is the smallest change in pressure (psi) that your sysiem will be able to detect?
- IEPOPSL _ Zetops!
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(3) b). Write an equation relating the pressure, P, io voltage output from the signal conditioning

. ces pii N - -
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(6) ). Write and equation relating pressure to the ADC counts value.
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(6) d).  Aller nequiring an analog reading the register holding the ADC result reads 1 T()ﬂlﬂ! 101, What is the

pressure (psi)?
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(3) ). Which parameter would you change, and to what value to be able 1o sense a 0.1 psi change in pressure?
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12. The voltage across a 109 resistor as 2 function of lime is shown in the graph below.

1 T
(%) a.. What is the RMS voltage across the resistor? Vams = T 50 vidt
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(2) b. Using the results in part a what is the average power (W) being converted to heat in the resistor?
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2) ¢.. What is the duty cycle (%) of the vollage signal?
a5 °fo = 2'3“"5'“;“::'1
10 v 5eC
[P4] . What is the average power (W) dissipated by the resistor if the voltage is continuous al 10V?
ji
18 wl= ( fev
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(2) €. Whal is the ratio (%) of Ihe power at the duty cycle shown to thal with a duty cyele of 100% and how
does this compare to the duty eycle?
25 o v ATV geo S=ms
o W
(2) . What is the frequency (Hz) of the vollage signal?
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Bonus
(8) 13. Four350£) strain gages are allached 1o a steel beam as shown below. [P = 30 Ibs, E =30 x 10° psi and the gage
factor is 2.07 what would be the expected change in the resistance () of one of the gages?
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(4) 14, What would be the reading (volis) on the voltmeter shown below. The voltmeter is ideal.
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(7) 15. Design the ic (with values for all resistors) for a circuit to interface to the load cell in problem
#11 to the ADC. The signal coniing from the circuit should make use of the full range of the ADC.
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16. What is the specific gravity of the manometer fluid in problem #9
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S\t FABE 5160
Name o\utions Sample Exam I1I - 2 Au24
Lab Section

Closed book/notes. Adequate work must be shown 1o receive credit for problem. Mark answers. There are seven pages.
115 points and 15 bonus points for this exam. A formula sheet is provided which includes some data for water and pressure
conversions and Laplace Transform theory.

(P1s)

(6) 1.Di fdescribe the basic operating principle of each of the following control modes. Indicate which have offset
and which have no offset.
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{8) 2.a. Determine E(‘g) for the feedback control system shown below. Put the transfer function in standard form.
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I ) = Iom S Aes)

L= S0
) b. Determine whether the control sysiem in problem #2 has offset by using either the final value theorem in
Laplace Transforms.
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(4) 3. Describe the basic operating principles of o negati k control system. A wo-rralele Far whrelt
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(4) 4. What afe the twe main uses or funclions of a feedback control system? po rlalbile - ol esdreol & fufe .
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5. In ning a Pl controller using the ultimate or Zeigler-Nichols meithod, the ullimale gain was determined to be
2 gpm/*F and the ultimate period as 1.2 minules.

(6) a). What would be the ded gains for operating this system?
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(4) b). Relative to a step change in the sespoint of this system, what abjective does this method of tuning 3
control system attempt to meel? Show a sketch to support your discussion.
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(2) 6. What are the positive and negati lis of i ing the ¢ ller gains in negative feedback control system.
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{4) 8. A PD controller experiences a change in the error signal as shown in the first graph. Sketch the output of the
controller on the second graph.K, = 2 and Ty = 1. Make sure the values of any slopes and horizontal lines are

noled on the graph.
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(4) 9. A Pl coniroller experiences a change in the crror signal as shown in the first graph. Sketch the outpwl of the
controller on the second graph K, = 2 and T, = 1. Make sure the valucs of any slopes and horizontal lines are
noted on the graph.
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(9} 10.. Define each of the following properties an give a Iypical set of English and 51 units.

a). Density  mass per war veluwme “’ﬁa N ‘ﬁ%
I

b). Specific weight Wi 5ht pev wai| poluine E’_‘— ) .E_-*

c). Specific pravity  refroof Hee du-.sf‘f? st gfu.u"f*-‘t Luc.“l*\'l’-{q- Subbtene
Fo Fhe demsity oL gjecrfic wenht Hiwaker
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{6) 11. ‘The level of liquid product in a 10 fi diameter holding tank (top vented to the atmosphere) for a process line

could be sensed using o pressure pape al the botiom of the lank. [fthis gage reads 10 psi and the specific gravity
of the product is 0.89 what is the height (ft) of the produci in the tank?

P' Spyr kﬁ'l—h =z h= Satt Sy
he 259 fe= Iothe 63 g}
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(4) 12, The intake pressure to a centrifugal pump is 5 in Hg vac and the discharge pressure is 15 psig. What pressure
drop (psi) across the pump?

Ap= 125 psi = 1Tpsy -—-F."nl-brl
2.0ty

(3) 13, What is the absolute pressure (psia) al the intake of the pump in problem #12 il the local almospheric pressure
is 30.1 in Hg ABS? Pens = Peer + Pyuge

. a3 te T 0. linHyday — Stsvac ] pse
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(3) 14. a. What is the theoretical mini pling speed required to digitize a signal? What happens is the sampling
speed is too slow?
A +imes +he h.\-\uf 'Fr"']'-""""‘} Pre‘,w‘t
froslow) coures aliaidy - the degelspment A data
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b. What is the rect ded pling speed 1o 1y capture amplitude data?
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(B) 15. The power being dissipated in a 5% resistor with a nominal value of 12¢2 is be calculated from the current
through it. If this current is measurcd as | = 8 + 0.15A caleulaie the power (walis) in the resistor and the rool

sum square unceriainty {walts} in the power. p=T QR
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(8) 16, WhulwouldIu.lh:ma)umumranueuflhepnwu(wnus} d in the previous problem il the erors were
combined in the most detri | way? O ine suing both methad:
a).Methodone Py = 8369 = ces)*lrenl
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17 You have been assipned to design a data acquisition sysiem that will cul.lect data from a hydrauli

system. The p lable has a diaph that defl and is instr 1 with

four strain gages all aclive and connecled in a Whealstone bridge. A d.ala acquisition card interfaces the
with the I for data coll

Known Parameters:

1. Working pressure range of transducer: 0 - 2000 psi

2. The output from the Wheatstone bridge goes from 0 to 30 mV over the working range of the d

3. The outpul of the bridge is condilioned by a differential op-amp to ulilize the ull range of the ADC on
the data acquisition card

4. The data acquisition card has an analog input range of 0 to 5 volis and the ADC resolution is 12 bits.

(3) a). What is the gain (V/V) on the differential op-amp?
[162 . SV, les2wV
2 l S Zomv ¢ TV
(3 b). What is the smallest change in pressure {psi) will your system be able to recognize?
[ o8 poi] . 20Soes = doveps!
:| Feo) = al* oYY
(&) c). Write an equation relating the pressure, P, 1o voltage output from the signal conditioning
RN 1 TE LY
p o= Yeorsi 4y,
B 3%
(6) d). Write and equation relating pressure Lo the ADC counts value. )
Zeco §5¢ rroo nh + L 2eespsc
b= b ARSE RN (eww) 1 SR

[p T 0.2YY + 0.¥EG (counts) L o2¥dpel

frive)
(6) ¢). Alter ocquiring an analog reading the register holding the ADC resull reads 11010 Ifl:‘]1 What is the
pressure (psi)? 36 4317 +afF +ad a0 = 9n9
4 aooups!
sosphy Renopey i .y
poin k Aebt r e (Seuntsh T 3 o

r pst = 2099 T oMY ps'L

(3 f). Which p would you change 10 what value to be able to sense a 0.1 psi change in pressure?
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(15) 18. A 12001 sirain gage is being used 1o determine the siress. in a steel siructural member. It is connecled inlo a
Wheatstone bridge which has three precision 1200 in addition to the strain gage and a 10 voll
excitation voltage. (The strain gage is nt position R, of the Wheatstone bridge lisied as ilem #6 on the formula
sheet.) If the output of the bridge is 8.5 mV, the page factor of the strain gage is 2.07 and the modulus of
elasticity of steel is 30 x 10° psi, what is the stress (psi) in the structural member? [s the member in lension or

compression?
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