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MU’L[
Section: A
B a) Whatis mechatronics product? What are the elements of a mechatronics system? 10
b) Drawa schematic diagram of a closed-loop system and mention the function of each component. 15
¢) What do you mean by sequence controller? Is washing machine system a sequence controller? Why or 10

why not?

2 a) Define the term “transfer function’. Two transfer functions G(s) and H(s) are connected in a feedback 10
control system where G(s) in feedforward path and H(s) in feedback path. Find out the equivalent
transfer function.

4 b) Simplify the block diagram shown in Fig.2(b). Then obtain the closed-loop transfer function C(s)/R(s) 15
4 ¢) What do you mean by hydraulic inertance? Show that hydraulic inertance varies proportionally with 10
length of hydraulic block.

3 a) Obtain a state-space representation of the system shown in Fig. 3(a), where u lS the input and y, and y; are 15
the outputs. Assume that the rollers are fnctlonless

b)  Why linearization is necessary? Linearize the nonlinear system z = xt+ 8xy+3 y in the region2<x<4, 10
10< y <12, Find out the Linearization error at (4, 12). (
) €) A closed-loop control system has the characteristics equations™ + 35t +55° +4s +5+3=0. Using 10

Routh’s stability criterion, determine whether the system is stable or unstable. If unstable how many unstable

roots are there? :

4 a) What types of signals are used as test signal? Find out unit-step respense of a first order system. 13
y b) Draw a typical unit-step response of a 2" order system and mention the related terminology. 11
S GeAdT 11
Y ) Consider the negative feedback system hnvmg the gain G(s) = oo ———, H(s)=1. Determine '
’\7 s(s+1)(s+2) :
the root loci on the real axis. o il cmasTitrrey
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Section: B

Describe and compare the characteristics of (i) proportional control, (ii) Proportional plus integral 15

control, (iii) proportional plus mtegrﬂl plus derivative control. 20
Consider the control system shown in Fig. 5(b) in which PID controller is used to control the syste PThe
PID controller has the transfer function G, (s)=k,(1+1/Ts +T,s) . Design the PID controller &, &

Draw the ladder diagrams for the following logic functions: AND, NAND, OR, NOR % 10
Briefly describe the architecture of a PLC. 10

0\0'

Briefly explain (i) Latch circuit, (ii) Delay-on Timers and (iii) Counters. 15

Define the following term of a measurement system: (i) Accuracy, (ii) Hysteresis error, (iii) Sensitivity. 09

Write notes on the following sensors: (i) Tactile sensor, (ii) Pneumatic sensor, (iii) Capacitive sensor. 15

What will be the change in resistance of electrical resistance strain gauge with a gauge factor of 0.001? 11

Define directional control valve. Explain the working principle of spool valve. 08

Explain the working principle of a variable reluctance stepper motor. 2 13

Draw the schematic diagram of hydraulic power supply and pneumatic power supply system with proper 14
labeling. ?\J‘
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Section — A
.1 (a) What arc the basic components of a mechatronics system? How can you 10
differentiate a mechatronics system from a mechanical or electromechanical
system? : e ' e
i b)/ Explain the difference between the open and closed loop control. 12
Engine management system is a sequence control system — explain why? 13

2 (a)~ Simplify the block diagram shown in Fig.2(a). Then obtain the closed loop transfer 17
function C(s)/R(s).

H,

Riw) p
—o—@—— Gy @-‘- G, | G | ¢, ] Q)
" |l ll 1y |I
Fig.2(a)
(by Obtain a state-space representation of the system shown in Fig.2(b). 18
s 'y' [ ']1

b
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Fig.2(b)

}ﬁ/;) Why root locus plots are important? Mention the conditions for finding root locus. 12
/ k

~oatl { SV h' S Y =
A negative feedback system has G(s) GiDer2)

H(s)=1. Determine the

root loci on the real axis.

) Apply Routh’s stability criterion on the feedback control system as in Fig. 3(b) and
find out the value of k for stability.

. C(S)

Fig.3

ety i tem z = x? + 8xy + 3)7 in the region defined by
(¢) Linearize the nonlincar sys S5k iy
/ 2<x<4and 10Sy=<12 and find out the linearization error at (4, 12) F-



Q.4 ((a) Define the building blocks of a hydraulic system. Show that hydraulic capacitance 12
is proportional to cross-sectional arca of the capacitor.

(b) Draw a typical unit step response of 2" order system with necessary terminology. 10
(c) A servo system is shown in Fig. 4(c). Determine the values of gain k and velocity 13
feedback constant ky so that the maximum overshoot in the unit-step response is
0.2 and the peak time is 1 sec. with these values of k and k, obtain in rise time and K
. settling time. Assume that J = 1 kg-m? and B = | N-m/rad/sec. 5\?@
. &
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Fig d(c)

Section — B

S (a) Br'icﬂy explain the effects of P, I and D controller on the second order response. 07
(b) With an example show that the proportional control of a system without an 10

/ integrator results in a steady-state error.
- (©) 18

A PID controller has the transfer function G,=kl,[l+;l—+T,,s)which is

connected in the feedback system as shown in Fig. 5(c). Using Ziegler-Nichols

principle, determine the value of kp, Tiand Ty. Y
P W 0
9 = | o AW e
‘ v o
RE) X GO sG+)(54 CG) CV‘,V’"’ =
‘ | W " e
Y ' (9.’@//'\'2 r-"w‘
Fig.5(c) ? < ke? gl
wit * i e
> ,<b L, U
Q.6 (a) What is programmable logic controller? Draw the ladder diagram and the 12
program instructions for the following logic functions: (i) AND, (ii) NAND and
(iii) XOR.
(b) Briefly describe the architecture of a PLC. 11
(c) Explain briefly (any two) of the following: (i) Optical Isolator, (ii) Latch circuit, 12
and (iii) Cascaded timers.
7 (a) What is transducer? How are transducers classified? 10
(b) Explain how a capacitive sensor works? How does it work as a proximity sensor? 13 e s
() A strain gauge is bounded is bounded to a beam which is 12 ¢cm long and has a 12 .

: cross sectional area of 3.8 cm?, The unstrained resistance and gauge factor of the (" * e o~
strain gauge are 220 Q and 2.2 respectively, On the application of load the v s *3(,
resistance of the gauge change by 0.015 Q. If the modulus of elasticity of steel is L\/'n
207 GN/m?, calculace: (i) the change in length of the steel beam, (ii) the amount Vv .
of force applied to the beam. \«lp“ ¢ B

b/, .

/.8/(3) Discuss the control of a double-acting cylinder with solenoid activation. 12 "\ v,
_ (b) Draw the schematic diagram of hydraulic power supply and pneumatic power 10 q},:)
supply with proper labeling.
(c) Explain the working principle of Variable Reluctance Stepper Motor. 13
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A
L/ D) Def ! Section: A Horkt
cline n [ . ) . ’
Find o “l‘l"u'm ‘Mechatronics”, What are the clements of a mechatronics system? 10
! ut the components of closed-loop control system in water-flashing system for toilet. Also 15
mention the function of each component.

~C) Whatis sequence control? Explain with an example. 10
2 ,a) Consider the characteristic equations 13

s 4250 + (4 + k)5t + 95 425 =0
Using Routh’s stability criterion, determine the range of K for stability.
b) Compare between modern control theory and conventional control theory. 7
¢) Consider the block diagram in Figure 2(c). Simplify the diagram and find out C(s)/R(s). 15

()

= Figure2(c)
" 3. 8) Considerthenegative feedback system havingthe gain . . 17

.
-

G(s) = H(s)=1

(s+1)(s+2)’
For the system .
(i)  Determine the root loci on the real axis.
(i)  Determine the asymptotes of the root loci.

(i)  Draw the root loci. o . ‘
b) - Find out the state-space model for the system shown in Figure 3(b) where u is theinputandy, 18

ding output. Assume the rollers are frictionless.

and y, are the correspon
u )-—*31 {__b
3
L, e Y
K il 7
- 7
. Figure 3(b)
4, Draw the ladder diagrams to represent 10
S
i) AND
(i) ORDN
(iiy NOR
(iv) NAND
(v) XOR
logic functions respectively.
b) Draw the functional block diagram of a PLC and explain the PLC architecture. 15

c¢) Why linearization is done? Linearize the nonlinear system z = x* + 4xy + 6 in the region 10
defined by 8 <x <10, 2 <y <4, Find the linearization error at point (10, 4).
. Please Turn Over
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. Section: B 8
\ .j/' a)  Define the following term of a measurement system
(1)  Accuracy
(i) Sensitivity
(i) Repeatability

(iv)  Resolution “ e
b) Draw a typical unitstep response of a 2" order system and show related specifications of the 12

N
response, . _ :
¢) _Deseribe the principle and working of piczoelectric sensor, I
6,/ 0) Define the building blocks of a fluid system used to formulate the mathematical Tnodeling. 10

b) Derive the relationship between the output, the potential difference across the resistor, mld‘l\l\lc 13

input for circuit shown in Figure 6(b), . ‘_
/] lci:scd on the Figure 6(c), develop equations describing how the temperatures 7y and Ty will - 127,
vary with time. ‘

(4 .
7. a)  Mention the advantages and disadvanuges of Servo motor, 10
b) Explain the working principle_of variuble Reluctance Sepper motor, . — 35—

¢) Draw the schematic diagram of hydraulic power supply and pneumatic power supply with 10
proper labeling. N :

iy
.

8. Discuss the control of a double-acting ¢ylinder with solenoid activation, ; 12
b) Mention the working principle of poppet valve. 8
¢) Consider the control system shown in Figure 8(c), in which a PID controller is used to control 15

the system. The PID controller has the transfer function S "\ vt )
Sk g vl oL
X ¥ 1 3 \
Ge(s)= K’[l+§ 7}:}
Design the controller.
Ris) I Qs)
Gls) = s+ s +5) s
PID
controller
Figure 8(c) 2 '
*"“*‘O*OEND OF QUEST[ON*“‘ kEkEEE



https://v3.camscanner.com/user/download

. Depaetment of Mechnnienl Engineering
Chittagong University of Engincering nnd Technology (€' U ')
Level d, Term 1 Examinntion 2020

Course No: M 455 § _T“'IMF"‘-S 210 [ Time: 03 hours

~ Course Title: Mechatronics Date: 10 /04 /2022
The figures in the rieht margin indicate full marks, The questions are of equal value. There are 04 questions in
cach section, Answer any 03 questlons from each seetlon, Use separate serlpt for each section
Seetion: A =
a) What is mechatronics? What are the objectives of mechatronics? 10
b)) %I‘ﬂemmimc between open-loop control system and closed-loop control system. 10
¢ e engine management system is a sequence control mechanism - Justify the statement, 15
a)  Two transfer function G(s) and #(s) are connected ir i
] 1 o feedback system where G(s) is on the 15
feed forward path and H(s) is connected in feedback path,
@ What should be open-loop transfer function?
(!_l) “!hal should be feed forward transfer function?
- (iii)  Find out the closed-loop transfer function of the system.
) Find out the overall transfer function C(s)/R(s) for the control system as shown in Figure 2(b). 10
3
RE)
| cs)
Figure 2(b '
10

¢)  Simplify the block diagram as in Figure 2(c) and find out the equivalent transfer function.

. ccg)

RIS) fl"

and vector in the equations. Draw:
For a typical spring-mass-damper system,
follows: ' LA O ‘
539 mj, +by, + k() -y,)=0"
myj, + k(=) =1 :
when the output variables are y) and y,. Obtain a state-space representation of the system.

12

a) What are the' basic building blocks for mechanical and electrical systems? Find the analogies
between electrical and mechanical system. T P st
b) What is pneumatic capacitance and pneumatic inertance? Show thag pneumatic inertance 15 12
inversely proportional to cross-sectional area of a pipe when its length is constant. o
¢) Why linearization is necessary? Linearize the nonlinear system z =" + 8xy + 3)% in the region 11
defined by 2 <x <4, 10sy<I12.
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Sectlon: 11

following charncteristics equa
iterin determine whether the system

' 1 §
tion: Vs -'p.’.',l'..h'o].'tﬂt e 60
15 stahle or unstable. I unstable,

1 system has the
10

h's stability or
y the right half of s-plane.
order system and show related

esponse of a second

& ) Avonmw
Using Rout!
Draw 8. bl vt " | lpcciﬁcn!ium of
b Draw a typical unit-step r
© L the response. '
&) Consider a system having .
| Gs)=—— and H(s) =1
() s(s+D(s+ 2)

Determine the root loci on the real axi

' :snal controller rectify the error in a system?
(Bl g 9 ge of k for stability of a unity fecdback control system whose open-loop
k

b)* Determine the ran
sfer function is G(s) = m ;
igure 6(c). Determine the value of kp, Ti and Ty

ed system shown in F
c.(.y

6.

Consider a PID controll .
for the controller using Ziegle

RLS)

r-Nichols tuning rule.

el

[

5 EHCD)|
TPIp ¢ = ;
;99

' 'Figure 6(c)

a) Write down the selection criteria of a PLC.
d output diagram for the following logic gates:

7.

/ b) Draw the ladder diagram an
(i) AND (i) OR (i) NAND.

bsystem of a mechatronics system — why? Discuss briefly.

c¢) Measurement is an important su
¢ and transciSer e~ S

h the principle of Hall effect sensor.

a) What is the difference between.a senso
ge pressure sensor as given below:

8.
')  What is Hall effect? Explain with a ncat sketc
c¢) Explain the significance of the specifications for a strain gau
Range : 70 to 1000 kPa, 2000 to 70,000 kPa

Supply voltage : 10V d.c. or a.c. rms.

Full range output : 40 mV
Non-linearity and hysteresis : = 0.5 % full range output

Temperature range : — 54°C to + 120°C
Thermal zero shift : 0.03 % full range output / °C

#4449 4083 END OF QUESTION®*¥*##+ 444
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Section: A

a) What do you understand by the term ‘Mechatroncs’?How do you state the approach of 09
mechatronics?

Write down the basic elements of a closed-loop control system, Identify these elements in a 13
system used to maintain a constant water level in a tank.

¢) How do you differentiate a sensor from a transducer? Write down the selection criteria of a 13
sensor. Make a list of various types of sensor.

a) Derive an expression of the transfer function for a closed-loop control system. 06
What is transfer function of a system? Determine the closed-loop transfer function for the block 15
diagram in Figure 2(b).

¢) Using the Mason’s gain formula, obtain the overall transfer function of the signal flow graph as 14
shown in Figure 2(c).

a) Derive the differential equations describing the relationship between the inputs u; and u; , the 18
output y; and y, for the system shown in Figure 3(a).

Develop of a mathematical model of the system describing how the output is related to the 17
input. The system is shown in Figure 3(b)

a) Consider the mechanical system shown in Figure 4(a). Find the state-space model for this 15
single-input, single-output linear system.

b) Why linearization is important? Linearize the nonlinear equation: z = x2 + 8xy + 3y? in the 12
region defined by 2<x<4, 10<y<l12. N0y — & 0t
¢) Draw the schematic diagram for control of a double-acting cylinder. O) “ 08
R S
_————&’J— ! !:cn (;n\(,)—{'c‘hc‘i%(‘t\% Z ’ e
Y by Gy Wy by b 2 S0
—
[
L LR
Fig. 2(b)
Gis)  Gost
RO O
H\(s)
Q\Q'L . ©Hy)
AR g 200 e




Section: B

L

a) A servo system exhibits a standard second-order response against a step input. Considering the 15
yal.lle .of dflmping ration of 0.6 and undamped natural frequency of 5 rad/sec, calculate the value
of i) rise time ii) peak time iii) maximum overshoot iv) 5% settling time.
b) Determine the range of K for stability of a unity feedback control system whose open-loop 14
transfer function is G (s) = i
s s(s+1)(s+2)
c) Dréi\fv l)he second-order response curve against step input for the condition: i) 0< 5 <li)O=l 06
and 1ii) 0>1
PLENC =)
a) rDetermine the magnitude and phase of the output from a system when subjected to a sn—l‘usoidal 12
input of 5sin (4t + 60°) if it has a transfer function of G(s) = s_:_f _ _(A/« w’fﬁ%
b) Why root-locus method is used in control engineering? Write down the angle anvatmagnitude 08
conditions of the method. y
¢) Consider a PID controlled system shown in Fig 6(c). Determine the values of Kp, T;and Ty \,\}m \15
using Ziegler-Nichols tunning rule: =~ - i N
a) Deﬁne the following terms for transducer: ¢ 10 WY
i) Range and span ii) Sensitivity iii) Repeatability iv) Resolution v) Non-linearity error. ,_‘(-q XY
b) Explain the working principle of the following transducers (any three): Q‘Q 15 U 9
i) Optical encoder ii) Pyro electric sensors iii) LVDT iv) Ultrasonic sensor Oo"’(ﬁ
c) Briefly explain the working principle of pneumatic sensor. 10
a) What is PLC? Draw the ladder diagram and output diagram for the following logic gates: 15
i) AND ii) OR iii) NAND iv) NOR v) XOR
b) Consider a control system for a bottle filling system that detects the position of a bottle viaa 20
limit switch than waits for 0.5 sec and then fills the bottle until a photodetector detects the filled
condition of the bottle. After the bottle is filled, the buzzer sounds and the control program will
again wait for 0.7 sec, before moving to the next bottle. Until the limit switch signals, the feed
motor M1 runs while there are fixed rollers which carry the filled bottle. Motor M2 keeps
running after the process has been started. The diagram of the system is shown in Fig 8(b).
Enlist the inputs and outputs of the system. Then construct the ladder diagram and explain it.
R(s) - 1 Cts)
@D Guls) T os(s+ D{s+5) "
PID
controller
' ¥
\q . 6 ()
00—
Solenoid Operated Control c——’/g/
Photoeye Detector
Perpendicular To Bottle
Filled Bottles
~M\ e
‘Q)J Outfeed Motor Drive

Motor
Fee[;jrlv: ° (Always ON During Process)
M2

M1
Blg. 8(k)



V/ | DB h

4 ‘ | partment of Mechanical Engincerin '
. » Chittagong University of Engincering & Technbloggy (CUET)

: ' Level 4 Term 2 Exnminatlon 2017

Course No: ME 455 F
: ull Marks: 210 | Time:
Course Title: Mechatronics ~ Date: 12/|oa/ 201 803 s

The flgures in the right mar !
) gIn Indicate full marks. The qusstlons ar
Answer any 03 questions from each section, Use separate w?lpi for “che“ocf;'g?'ual R TSR0 e e i
! ;

!

é:gcl{oét.' A ‘
1 “w z H
/x) What do you mean by the term Mechatromcs"?5Mechatronics is almost everywhere —~ Justify. 12
C

b) Define the following terms for a ’
¢ : control system:
) (C:Ionlrolled lvurml:vlc, Manipulated variable, Disturbance, Feed back control N
ompare close loop and open loop control system with example. 11

-a) Define the term “Transfer function”,. Tw: ‘ i
_ er { +- I'wo transfer functions are G(s) and H(s). Find out th e
j{/ equivalent transfer function if they are connecied in (i) series, (ii) parallel and ((ii%) feed back. © P

b) What is block dia ? Simpli oy L)
function. \gram Simplify the block dlagram shown in Fig.2(b) and obtain the transfer 20

Yis)
e e

f Fels) e

LLSe% o
Fig.2(b)

3. a) Define — state, state variables and state.' vector for state-space modeling. Write down the 6+4+3 ..
-standard form of state-spacc-mod‘el.~-Also;»mentibn—the-nnmqééof-‘9@h3 gqatrii(-mdmonntrucrm:"""zi? :
block diagram. I 2 <l : A i
b) Find the state space model of the following system [Fig.3(b)]: 13
where R(s) input and C(3) output.

< et o

' " !
RLS sS4 2 Py al=C))
P52 o265 420

Fig.3(b)"

c) 'I:hcrc a;e similarities among the basic building blocks®f mechanical and electrical system — 09

Justify.

4, a) Whatis signal flow graph (
b) Obtain the closed-loop trans

€)  Why linearization is important for contro
about the point (6, 4).

N

SFG)? What are the properties of SFG? 08
fer function C(s)/R(s) using Mason’s gain formula for Fig.4(b). 15

I system? Linearize the cquation z = 45" - 6x2y* +y° 12

Fig.4(b :
ig (») \L&\

(x5

Iadn ® ™,




;S SR 5 AL A\
4 o o\ : ( "6/ T

< | A N7 L
/?ﬂ(m\ BLEY, W MR
\ ‘
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‘54 Draw a standard 2" order response of a system against a step input. Also, define delay time, 13
rise time, peak time and settling time for the response. fhinoliheory iz
b) Compare between modern control theory and conventional control theory.
€) A system is subjected to a unit-step input shown in Fig.5(¢c). Determine the values of K and T 12
from the response curve, :

o)}

R(s) K Ci.\') —
= ® ™17+ D -

;
K .
o ey v el HE M o TR, e ek Y

Fig.5(c)
,/'475‘) Consider the characteristics equation $* +25? +(4+K)S? +95+25=0, Using the Hurwitz 12
stability criterion, determine the range of K for stability.
b) What is sinusoidal transfer function? Consider the system shown in Fig.6(b) for a sinusoidal 11
input x(¢) = X'sinar . Find out the steady statc output y,(7).
¢) Why root-locus method is used in control
conditions of the method? Find out the root

0 SU t

engineering? What are the angle and magnitude
locus on real axis for the control system shown in

Fig.6(c).”
\
\\\
xE K = Y®
Ts 44
] ! ’ ‘\; ) H : ‘ ;
1 co Fig.6(b) - :
X C(s)
s(s+lg(s+2) . e
Fig'6(c)
QJ/a) Show that a proportional controller with an integrator eliminates the steady state error 12
4 completely. _ ,
b) Determine whether the following network is lead or lag. The control network is given by: 10
Ve ~ '
G S =—SL.._L
(®) s+1/T, !

¢) What are the applications of PID controllers?

Describe first method of Ziegler-
for tuning PID controller,

Nichols rules 13

8. a) HowPLCis programmed? Show 4 ways of programming considering a suitable example. 15
b) Explain the following terms: ; 10
(i) Hydraulic inertance "
(ii) Pneumatic capacitance |
¢) How fluid pressure can be measured using sensor? Give example. 10

!
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Section: A tacks
: L. a) What do you mean by the term “Mechatronies™? Write down the applications of 1t ‘ 10
/ b) What is a control system? What nre the basic elements of u closed loop control system? Show 12
in a block diagram.
What is Transfer function? Two transfer functions nre connected in n feedback system, Gy(s)is 13
in Feed forward and Gjy(s) is in Feedback. Find out the ¢losed loop Transfer function.
18

2

,o')/ Obtain the state-space model of the mechanical system as shown in Figure 2(c), where u(r) is 12

hat is block diagram? Simply the block dingrum us in Figure 2(a) and obtain C(S) / R(S).
State the difference between modem control theory and conventionul control theory. 05

the input and y{¢) is the output,

3. j) What is signal flow graph? Writc down the properties of signal flow graph. Draw a signal flow 15
graph for the following set of equations ~
Xu=auxy + ae +apxs + by ;ﬂ
X2 = ayixy + axxa + axxy + baty (o'
X3 = ayxy + anxy + a3
where u; and u; are input variables and A1, %2 and xj are output variables,

b) Why linearization is done? Linearize the non-linear equation z =xy in the region 5<x<7, 14
10 £ < 12. Find the percent of error if the linearized equation is used to calculate the value of
zwhenx=35,y=10.

% Define (if MIMO system (iﬁ‘rimc variant system ,(1(6 Steady state error, 06
10

42)’ What do you mean by transient response and steady-state responsc? Show a typical 2™ order

response against a step input with necessary terminology.

plot the response against Z‘me/
x and H of the closed-loop system shown in Figure 4(c) so that the 14

/)Find the response of a unit-Ramp input for a first order system as shown in Figure 4(b). Also 11

“/c) Determine the value of

maxix;num overshoot in unit step response is 25% and the peak time is 2 sec. Assume that ] = |
kg-m*.

Y/

&k

Figure 2(a) K/
R

Ris) o~ Ets) | as
ool i, e
T4y I

<

Figure 4(b) y \;‘
E::E;r——”"r”’ <o \’
a— ’ /

Figure 4(c) Please Turn Over
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Section: B —
s ; : ; wiil restil 1n g ste
e Show that the proportional control of @ system without un integrator

state error with a step fnput. . . . er. Apply it for the
b) State the 2" princi::lc ‘of Ziegler-Nichol tunning rules for PID contrellr. Apply

‘ J Al
: )= ¥ —_t 15|,
control system shown in Figare 5(b) where controller, G, (s) = K, '(] * Ts . s}

!

o Vs )/Del'mc the term “Poles and “Zeros”, Using Routh’s stability criteria, find out the value of K- 15

Or stability of the control system as showr: in Figure 6(a). , i
}({Vhat are the advantages of Root locus method? Find out the root locus on real axis for the 15 /
|
{
|

f\;ﬁtrol system shown in Figure 6(b).

at do you mean by absolute stability and relative stability? 05

1. a) Defm? dynaniic chatacteristics of a sensur":,lmwing required figure, W 10
b) Exp_slam the working principle of LVDT with necessary schematic diagram., » 10
¢) Write short note on (i) Strain Gauge (ii) Opiical Encoder (i), Tactile sensor. ‘ 3x3=)5

R ™
8. ® Whatare the extra-ordinary features of PLC?.¢ 08

Draw the functional block diagram of a PLC and describe different units, 15
¢) Describe the ladder diag

ram shown in thé Figure 8(c) 12
, AN
| R ce
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-_. | . 5 . \(/ Q’\r N\
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2. a) Write down the standard ¢

R " iy
e

Department of Mechnniend Engincering
Chittagong University of Engincering and Technology (CU E T)
) Level 4, "Term 2, Examination 2015
Course No: Mi3 435 Full Marks: 210 | "Time: 03 hours
‘ Courgg_‘l_‘j_t]g; Meehntronies Date: 28/11/2016
The figures in the right marghn indicate il

W marks, e tuestions ate of eqqual value, ‘There are 04 questions In each section.
Answer any 03 questions from each section, Usg separate script for ench scctlon,

Murks
Section: A

1. ) What is Mechatronics? The advancement of mechotronics is like the movement of Amocba- 10
Explain.
b) Make a comparision between o

pen loop and close loop control system with example. 12
) Show the steps of control syste

m design process, A3

quations of state space modeling and give the name of each vector 12
and matrix. Also draw the block diagrum of the equations.

b) For o system in Fig 2(b), Define (i) Open loop transfer function (i) Feed forward transfer 11
function (iii) Closed loop transfer function.

RE) A& G\ > C )

S
a2t) Py 205)
c) Obtain a state-space representation of the system shown in Fig 2(c). The output variablesarey; 12

& y2ond input is u. Here b is the damping co-cfficient, X is the spring constant, m; and m; are
the mass of the cars.

_,-f\;\— m LS wm, U
VS aec o O/ Q 7 SR e & Q/ o o o F‘i’ 2(C>

3. a) Simplify the block diagram shown m figure 3(a) and obtain transfer function Y(S)YU(S).

16
) o &,
E + Y
Ez ‘ Gl 3 > Gz ‘;b&__‘,
+ -
Hy e
SXTIICS) &

b) Why linearization of a non-lincar system is necessary? Linearize the non-linear equation 13
y = m? + 8mn + 3n2,In the region defined by 2=m<4,10=n<s12

c) Define: i) SISO system ii) MIMO system iii) Time variant system 06

4. 8) What do you mean by transient response and steady state response? What types of test signals 10

are used? Show with figures

b) What do you understand from a signal flow graph? Draw a signal flow graph for x, = a;,x, + 08
@12%z + @33%3 + byu, where uy is the input and ¥1,X3, %3 are output varinbles. After drawing
the signal flow graph, identify input node, output node, mixed node and transmitlance,

¢) Find the response of a unit step input for a first order system as shown in Fig d(c). Also plot 12
the response against time,

d)

Define: i) Absolute stability ii) Relatjive stability 05



5 a)

Section: B

What do you understand by by the-term “Poles” nd “Zeroes™ W’I'I"‘ “i"’ ”t’lc' :cg:zm:’rl)‘/ ; (:?d
sufficient conditions for stability according to Routl’s criteria. Following (i ¢

- value of X for stability of the churacteristics equation $% -+ KS J452454+1=0

b)

A system shown in Fig S(b)(i) gives u response as Fig 5(b)(ii) against o unit stcp inpul. i

~ out the value of Kand T

RS

6. a)

b)

eld) g
A Ffa- 5(L) (1)
K e -
D) =
X 0‘2"!,57’ /\ -
[ 1 | \_/ \./
. ' y ‘
) : 25
©) What are the advantages of Root locus method? Find out the root locus of the system shown in 11
Fig 5(c) on real axis. i
K ‘\ > C(s)
, S(at)(s+2)
Fa 5
Show that a proportional controller with an integrator : cli}r;inntes. the stcacijr state eror 11
completely.
Design a PID Controller to control the system shown in fig 6(b) 18
Rs) 1 C'(sz
T s+ 1)s+5) -
Fig.: 6(b)
Why frequency response analysis is done? 0
How can you differentiate between transducer and sensor? Discuss static and dynamic ls'
characteristics of sensor. ]
Explain the working principle of LVDT 12
Write shrot notes on any two: i) Strain gauge ii) Proximily sensor iii) Optical encoder 08
What are the outstanding features of PLC over other controllers? What are the general 15
specifications for selecting a perfect PLC? What are the main components of a PLC unit?
What is Ledder diagram? Draw the symbols of following relay type instruction: i) Examine 10
‘on’ ii) Examine ‘ofl” iii) Energize output iv) Latch v) Reset vi) Open branch vii) Close
branch
Write shrot notes on (any two): i) Lead-lag network ii) Tactile sensor iii) Capacitive sensor
iv) Relay 2x5=10

t“"#!'!#THE END*séeebusen



+ Department of Mechanical Engineering

Chittagong University of Engincering and Technology (CUET)
c 'Level-4, Term-11, Finnl Examination 2014

Course No: M[E455 { Full Marks: 210 | Time: 03 hours
Course Title: Mechatronics , |  Date: 21/05/2015

The figures in the right margin indicate full marks, The questions are of cqual value. There arc 04

questions in each scction. Answer any 03 questions from cach section. Use separate script for each
section.

Section —A
2. What is Mcchatronics? The advancement of mechatronics is like the movement of Aemiba- Explain, 10
15" What are the basic building blocks of hydraulic system? Find out an cxpression for hydraulic 13

' scapacitance. A ‘
lp7" Compare closed loop control system with open loop control system. 12
What is transfer function? How do cascaded, parallel and feedback systems’ transfer function can 5: 15
obtained? . - » ‘ , : 10
A mechanical system is expressed by a mathematical model as follows: m y+b y+_ky =u where u is
the input and y is the output. Find out the state space model, ' _ ' -
\28¢” Make a comparison between modem control theory and conventional control theory. 10
3a. Simplify the block diagram shown in ngure 3a and obtain closed loop transfer function. ' 15

3b. Why lincarization is done? A sysier is expressed by Z = x* + 4xy + 6y*. Linearize the equation in the 10
region 8<x<10,2<5'y <4 — ‘ : 4 R L

3c. A system expressed by the following linear equations: . B T me010
X, = 8%, +.0%; + 0%+ by X =y %, +ayx; +agk, + by X =y + X, +ayx, .

Where x,, x, & x, are system parameters and u,, u, & g arc the input. eQans AL Sﬁ"a v

Hy [~

S| Gy g @-" Gy G, Ls)
] “ ‘ o, ._‘

l’; ‘.'M. .

Figure 3a
427 Explain Routh’s :_‘stability criteria and determine the range X for stability using for 13

Y+ KS*+S2+5¥1=0 .
4b.~ Show that a system‘ha"ving“a‘proportional controller without .integral -always shows a steady state 12

ITor. '
4c,” Why test signals are used? Briefly describe the test signals that are generally used. 10
Section —B
5a. Show a typical step response of a second order system and define its various parameters. 13

5b. For the system shown in Figure 5b(i) is subjected to a unit step input, the system output responds is 12
shown in Figure 5b(ii), Determine the valuc of X' and 7' from the response curve. Assume & = 0.4

5¢. Discuss root locus method with angle and magnitude conditions. Consider a system shown in 10
Figure 5c and determine the root loci on the real axis.

elt)

¢( 5 t\

0asI\__—~_
N’

P |

Figure Sh(l) 0 K3 ‘
Figure 5b(ii)
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\}'/ Consider the control system shown in Figure 6a, where ( ) P

value of K p» T, and T, using Ziegler-Nichols method.
B _Write short notes on *Bode plot’,

1 , d "
~ . ‘ »ad network or
Consider the network given by )~ S+ T, . Determine whether this network is a lea

' S+ ?_;
lag network.
08
\/{. What are the advantages and disadvantages of hydraulic control system? 14
‘)b./ Make a list of performance terminology of sensor and explain any five. 13
\}9./ Explain the working principle of LVDT.
: 0
\}( at is PLC? Write down some important features and advantages of using PLC? ‘13
\/8{){ raw the functional block diagram of PLC,

Assume that there is a main gate (gate |

) and an inside gate (gate 2) in a commercial house as shown 12
in Figure 8c¢. Three pcople A, B

and C are responsible to take care of these matters. A has a key to

R(:) X q’) Safe room
S(S + l) (3 + 2) Gate 2
— " ~ Figure 8¢
Figure 5¢ Ce

R(s)

Cs)

e
s+ L)s +9)

e e

Figure 6a
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Department of Mechanical Engincering

Chittagong U nlversity of Eugineering and Technology (CUET)
.c\‘clui.'lerll\ 11, Finnl Examination 2013

LL\\{\\:: \‘!—:;\IEMS T T l Iuli Morks: ?l(l rrlmc 03 hcmr_l
L_(‘oum. Title: Muhmnm\cs I lJnlc' %706/ 2014
The hLUt\‘s in the n;‘l\l mamgin indicate tull marks, The questions e of equal value, ‘There are 09

quem\mb in cach seetion.  Answer any 03 questions from cach scction. Use scparate script for cach
sumon

. Sceetion —-A

What do you mean by the tenm *Mechatronics'? What ticlds arc incorporated in it? ””
Explain the clements of a closed loop system. oo
Make a comparative study between open loop control system and closed loop control system. 10
What are

the basic building blocks for hyvdraulic system? What do you mean by pneumatic capacitaince? 3 #2+
Find the components (C & C3) ofit. &

Write the general form of state-space equation and give the name of each matrix. Also, draw a block 243+
diagram for the state-space squation.

3
Obtain mathematical model of the mechanical system shown in ¥Figure 2c. ' _ 12
/?/{’/7/7"’// pomem e % (OD021PUT)
,- k:, ‘ lf(:)
= LL ('{3) : Zhkie m {Input l'oree)
a \ No friction
'}'\ Tigure 2e
_ *"} | ' (_(s)
% R(S) X(5)
W -
|, R
i =
Figure 2b Figure 3a
3a. Wh'u is a block diagram? Simplify the block diagram and find out the closed loop transfer function  2+8
(SYR(S).
3b. \1c'1uon three important characteristics of signal flow g,mph Using Mason’s gain formula find out the 15
closed loop transfer function for the sysiem as shown in Figure 3b.

3e.  Determine the range of K for stability for the system shov.n in I‘lgure 3cusing Routh's stability eriteria. 10

K ignrc 3b

Rl 5) ----- \.__. _—
s(s* r.?:!:‘.)"(.%ff:)w

Figure 3b

i .



¢ 1 it step respo
What do you mean by transient response and steady state response? Draw a standard unit step response

curve for a 2™ order showiny its various parameters,
4b.  Why test signals are used? Briefly describe the test signals that are generally used

i = = i rise time, peak
o Ct)nsxder the system shown in Figurc dc, where ‘f 0.6 and w, 5 rm/ /sec, Obtain the . y §
i imum ov S { bi d i siop response,
time, maxi ershoot and sc(tling time when the syalcth {3 su JCCIC to & uriil sicp respons

R(y) E(s) 2 C(s)
: _..-.--—-.._'.':... wiamie -mw

Figure 4¢
Section -B
Sa.  Wha gz you mean by sinusoidal wansfer function? And also find out the meaning of lzad, lag and lead-lag 12
netwo
5b.  Consider the network given by ’ il
§ -I:r;';—
G(S )= , ll ; Determine whether the system is lead network or lag netwark.
S+—
: T
5¢.  Lineasize the non-linear equation Z =x+8xy+3y? in the region defined by 2<x<4,10<y <12 2
6a.  Explain the principle and operation of optical encoders. 1s
6b. Describe the LVDT and tactile sensor. 20
7a2. Briefly descﬁbe the Ziegler-Nichols 2™ method for PID controller tuning and apply this method to find 10+
2 . 1 15
oui the vaiue of K, T; and T for the system chown in Figure 7a where G(S ): K 5(1 +~;§+ T ds) .
L

Ry

: Figure 7a
7b. What do you mean by the term ‘root locus’? Why root locus method is so important for control engincers? 10
| fPLC? i
8a. What are the key features and ad:.'antagcs’o ‘
8b. What is switching? Briefly describe the different types of switches. 12

8c.  Explain the basics of ladder programming used in PLC. 13
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Chittagon ?Jer)ann_went of Mechanical Engineering
= = g University of Engineering and Technology (CUET)
Level 4, Term Il, Examination 2012
[ Course No' M ' »
Eun l‘\ﬂarks" 21% wil) _ Course Title: Mechatronics :
' : | Date: 14/07/2013 Time: Threo (03) hours >
The 4 i : P ' , ;
sas‘igr%ufs in the right margin indicate full marks. There are four (04) questions In ench
cian. Answer any three (03) quostions from each section. Please use separate script
for each section.
Section A Marks
1oa) \:\:;hat do you mean by mechatronics system?. Whal are the key elements of 10
1L .
b} Defire and differentiate the controiled variable, manipulated variable and 10
disturbance variable.
¢} Briefly describe the basic elements of a closed loop system. What are the 15 .
différences between an open loop and closed loop control?
vI:‘/ a) ann are the basic building blocks of mechanical and electrical system? Find 10
i the 'znalogy among them. bs,
oz M e -
b) Obtain a state space representation of the,mechanical system shown in figure 19 %
; o M o mE T e P
S Cenr® :
! UL ) " Cepos N
Ly '93_._,,‘“ Y e e—
2 ; !’
Figure: 2(b) Ers yALD, f -
Breifly state the Mason's gain formula. Construct a signal flow graph for a 10
system which is expressed by following equations, where ui and u2 are
inputs = o
X3 = @y Xy + @raxg + aiaxXa + bl
xg = Az1X: + BapXa + Axa¥y + baliz
X3 = auXxy * aazXz * 833%X3 )
33 Whatis hydraulic inertance? Find the expression for-it. Compare it with 10
electrical system. o b
b) Briefly discuss the advantage and disadvantage of hydraulic system. . 10 " w
c) Why lingarization is done? Linearize the non linear equation z = x2+ 8xy+ 10
© 3y%in the region defined by 22 x <4, 10 y<12. (3,9 '
d) What will be the equivalent transfer function if transfer function Gi(s) is used _ 05-
in feed forward path and Ga(s) is used in feedback. )
4 /&) Why test signals are used? Breifly describe various types of test signals. ‘ 10
b) Find out 2 response curve for a first order system against a unit step i3
response.
~ Determine the values of K and k of the closed loop system whose transfer 12
function is ‘.
Ces) K *R P et
R(s) Js" +Kks+K @
So that, the maximum overshaet in uni; slep response is 20 % and the peak
time is 3 sec (Assume that J = 7 kg - m°). V .
Y
£ S\IE") 3

Y v
P 2T Papc ¢ of 1

e
Nt A AN it o .

et i s B RIS OY " P 0 v s o 5



Section B
| " + and ‘relative stzbilty’
JFa) Explain the terms ‘absclute stability’, ‘critically stable and ‘relative siailty

i criterd i A rocedure of
B) Whatis the outcome of Routh stability cntapon? Wnte dt_)»tlir; 21; stion:
Routh stability criterion. Consider the following charactens

§°+ 2%+ (4+k) 52 + 05 + 25 =0

Using Routh stability criterion, determine the range of k for stability

¢) Show that the use of integral controller nullifies the steady state error for unit 10
slep response.

” . ‘ n ‘ “ m
6 @) Using Ziglar - Nichols method find out the value of Kp, T, and Tq for the 15 2
system shown in figure 6 (a). b
D | PRI R NI 1Y o W ey .
.._.’.1’ L....I).’_E ] s o & rr‘ !._.p. e et o ;‘4..... ! 3 L (5+‘l)( +'§)]
LT 2 st e o) j =T e e,
Figure 6(a) Figure: 6()
0+ Find aut whether the follavang system 1s lead or lag network 08
c) ' State the magnitude conditien and angle conditian {or root locus. Find out the 12 -

reot locus on the real axis (ar the close loep system as shown in figure 6(c). -

} T
ix g .,.. /’/ . ‘u;‘ z
_*-_g.>n.;,m__'z:,gf_>:__c,_a._n, w ors
i ‘ I !

Fgure. Oy
JomiE Cowm the outstanding feature of PLC for using a

as controller 10
. Drawthe schemalic diagram of the internal structure of PLC 12
c) What are the widely used programming languages of PLC? List the symbols 13
that are used for lader diagram. .
8 a2y~ Define sensor and transducer. Regarding the performance of transducers 20
~ explain the following terms '

i) Range and Span
i)~ Accuracy

iil) Sensitivity )
iv Stability

v Repeatability

V"l K’W oAt

b) Expln the working principle of linear variable differential transformer with 15
nece. sary schematic diagram.



- Chittagong University of Engineering and Technology (C U 1 T)
Department of Mechanical Enginccring
Level 4, Term U, Examinntion 2011

: Course No: ME 455 Full Marks: 210 | Time: 03 hours
’ " . Course Title: Mechatronics Date: 06/ 09/ 2012
. ‘ The ﬂSU".SgD the right wmargin indicate full- marks. The qUcsgons e of cqual va

. Iue, There arc 04 questions in cach section
Answer any 03 questions from each section. Use scparate script for each scction, '

¥

5 ‘ | Section: A | tarks
,l-' ; a)  What 'is ‘Mccl};\tronics‘ systemn? Briefly describe the method of mechatronics system design, 12
b) E_xp!um the difference between open loap and closed loop control 'system by using nccessary block 11
: diagram of each. . .
i + €) Two systems having transfer function of Gy(s) and Gy(s). Find the cquivalent transfer function when 12
t ~ these are connected in fecdback, ~
_'2._ a) A control system has the block diagram as shown in Fig. 2(a). Simplify this diagram and obtain the 15
] closed-loop transfer function.- -
- b) Whatis'signal flow graph? Write down the property of sighd ffdw; graph. Using Mason’s gain formula ~ 2+4+
‘ find out the closed-loop transfer function for the control system as shown in Fig. 2(b). __ 14=20
3 fa) Define state variables, state -;'eotor and state space for syslcn; modeling. Construct the state space 15
: 'S 5 o .
s54+T542 -
model for a system which has the transfer function as .
% g ' 2 405? +265+24

b} Consider the liquid-level system as shown in Fig. 3(b). 20
-1} Draw: the block diagram of each element ii) Connect signals properly to construct the whole block
dingram iii) Simplify the-block diagram:

A 2} What do you mean by ‘non-lincar”. system? Lincarize the-nonlinear equation z =x" +4xy+0y”inthe 4
: region defined by 8=x<10, 25ys4,. ' gy ot 2y L.
. 1) Drow atypical transient and steady state response for @ unit step to a second order system and mention its - 08,
Jiflerent specifications. : ) .
} g A sysiem shown in Fig. 4 (¢) (i) is subjected lo unit-step input. The output is shown in Fig. 4 (c) {ii). 13
Setmine the valees of K and T from the response corve.
- . . - N . f.
Sectivii: B =
5 2} Show that only 2 proportional controller in the feed forward path always gives a ste:.tdy state error in 12
the step response. ‘ .
5 ¢ characteristics equation ¢ +25° + (4 + £)s? + 95 425 = 0. Determine the range of 16
A system has cs eq
k for stability using the Hurwitz stability criterion,

~¢) Whatdoyoumean by ‘a system is critically stable’? Explai'n m? 07
3 ; ‘ ing i hitecture, 18
& a) Define PLC showing 1:5_ arc .

f b; Differentiate between different types of switches. 0

. ¢) Whatare the widely used programming languages of P%,C? Explain the meaning of the lader diagram 10
! in Fig. 6 (c) -

: ' ' . ‘ = e
i a) Define the following terms fora transducer | | § 12
; i) Range i) Error iii) Sensibilily iv) Stability . ‘ 3 ovevR
; 1§) Mention the churacteristics which are responsible for the sclection of a sensor, 10

¢) Explain the working principle of LVDT by depicting necessary figures: e , 13

: o MENS
. 8 : : . _ e '§
: S a) Explain Ziegler-Nichols rules (First method) for tuning PID controllers. )
R

; 'ri tcs on any Four: N
q °) x\;’?;zts:lll: ?e:;’or i) RTD iii) Sinusoidal transfer function iv) Bode plot v) Pressure sensor vi) Root 5=20
- Lucas -

i .
1
1
i
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SRS i, Course Mo MEMS Full Marks: 210 | Time: 03 l;ours : )
; ; ‘:..m .0 ll”l H .u.nhnl rlllvlllt‘rllllp .m(' Mi‘t‘h.llrmnu" , Dnlc: ?.‘/ n ‘, ‘”0 ’
: |.|u. ey ;‘u e viggh) margn wireifte Jull marks., 1 he quushu:u ‘ape 01" eqiiad value, thers ara U4 SV 1h 6 auly et 1
* Ao iy OF qivgztiog, liom mwh neetion, Ulae 'npn.uu -anl for uu,h seelion. ) ‘,
B ] - Sectivn: A . Marks A

s Ao Soai A

‘; : ;' S’\-”“" control sysicnn. What arg the Qﬂucncc; between clostd-loop and open-loop control system? A0
. u.,;r" ) Viat is sy; stem.nacling? Find the arfalogies bétween the electrical and mechanical building blocks.> « + 10
S 1 Wit are the basic steps o design a foed back control system? Delinc the to'lowm - o 15
P 1) Cowtrolled paraneers ii) Mampuialcd paramelers iii) System disturbances. ©
o . £ g ? 3
3% a) - Cefing e ; - L 05 |
:“-d;‘gf aw a block diagrum of cIoscd loop system and derive an equatien of trunsfer function from that ~ 13
i ram. — & :
,‘%x state space madeling? Why it is done? Find the state-space model of the system shown ins Fig. 13
'- L 4 e ' % . e, e
3 a)  Definer iy Hydraviic ineftancg i) Pnewmatic capacitance.. - K 3
L hydevhat do You mean Ly hlock di agram? Sin 1p lify the blogk k diagrain 23 shovvn in Flg 3(b) and ﬁnd the ovcmﬂ 15 . |
transfer function. oo, ' ey '
’u-“"" WRiTe '“r'ﬂ'tl ﬂnv. ﬂrnph? Wlw it is ncccmry? ("nnvlmct a sipnal Mow praph using (hc following, set 2
ol d“’a‘)mlc cquations! e e —_— ,
’ '
B “.;I '“uJ’,‘ ....... .”) . \ . 2
PN TS 90 Y N ATTRL TR () . i ‘
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