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Feedback control of temperature distribution in a thick rectangular functionally
graded plate

Shojaat Shafiee, Behrooz Rahmani”, Amin Moosaie, Hamed Panahi Kalus

Department of Mechanical Engineering, Yasouj University, Yasouj, Iran
*P.0.B. 75914-353, Yasouj, Iran, b_rahmani@yu.ac.ir

ARTICLE INFORMATION ABSTRACT

In this paper, a method for distributed control of temperature distribution in a thick rectangular
functionally graded plate is proposed. In this way, the linear nonhomogenous conduction whose
governing dynamics is a linear partial differential equation (PDE) with spatially varying coefficients is
considered and actively controlled. For this purpose, firstly, this PDE is converted into a set of ordinary
differential equations (ODEs) using the modified wavenumber methodology. This apporach is based on
the combination of the fast Fourier transform (FFT) and finite difference techniques. Secondly, in order
to stabilize each of these ODEs, linear optimal state feedback controller is utilized by minimizing a
predefined performance index. The proposed controller is modified by adding a feedforward term to
have a good tracking performance for the proposed method. The designed control inputs which are in
the Fourier domain, are transferred to physical domain using the inverse Fast Fourier transform (IFFT).
In order to solve the linear nonhomogenous conduction heat equation, a combination of finite difference
and Runge-Kutta methodologies is implemented. Simulation studies show the performance of the
proposed method, for example, the smaller settling time, overshoot and also steady-state error.
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simulation
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Fig. 1 Desired temperature distribution in xy plane and the 1%
simulation
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simulation

St (§ilwand o nt = 1000 5 XY axio )8 gl el 7 S50

Ty(x,y,2z,t) = 100 cos x cos y cos z + 3xyz 37)

a5l 00 g XY amio 0 |, wgllae glos e "8 S
22 e lis z=20dz

L ,blae bLas o o X gz 50 pi gles &35 "9 JS2" 5o
et el 0als osls lid (g5lwand 5l ole; s ket o y=2=20dz
Ol Z gy Loz )3 piacm slod @395 "11 510 gla JSa" 5o
el 0dl ools

XY ami o o |y i glos 565 "14 L5 12 Gla i o
Solen .l sa ools Hlas ey (g ke 40 772007 alads 5l uiiS jsue
255 SNl gley CaibdS Sl 098 o0 0dalive yloges pl o 4T 45T
oy 50 wolhae sloos aije5 4 Lo

oadline Gglate Sl aw H0 ol ooly isled sla,loged 4y azgi L
&8 & RUsS gl Do o adsl Llyd 5l Lo mse oS 05l o

T7(°C)

Y(m) x(m)
Fig. 8 Desired temperature distribution in xy plane in th 2" simulation
p90 (§slwad XY b (g5lge axmio ,0 Cgllas glos 365 8 S5

102


https://dorl.net/dor/20.1001.1.10275940.1396.17.8.55.9
https://mme.modares.ac.ir/article-15-12253-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-07 ]

[ DOR: 20.1001.1.10275940.1396.17.8.55.9 ]

USeD 9 Sruiub el

WU T3 Sabliue easud §r9 5303 L 22595 (63093 J s

250 T T :

200

0 1 2 3 4
time(sec)

Fig. 15 The system response in a point of plate & 0 < time < 4.0 for

the 3" simulation

P Sibatent 5 oy Jobo 5 abali S )3 s Gy 15 S

time(sec) x(m)
Fig. 16 The system response in x Direction & 0 < time < 4sec for the
3" simulation

Golwands 10 4l 4 yloj Sae )0 5 X Cz o b SO (g5, Lo 1595 16 JSCH

po~

i oS oy 598 m o B g e gy I golaiin Ubg, onlple
p...la..» Ceimed g ‘5)‘L..4)L»~L; @bl,s | s,;jL:.Lo o ‘Ia)_")w 5‘,}
)1 5 oslital (550 Ll it b slacdl o 1) s (29,5

S 5 4o -6

o 3l peted (B)9 50 Led (lane 03,58 1S (sl by, Wlie al o
Too Sas g,y sl oolatul b s il cpl jo ol slpainy (b zy0e
ilboe dgacme JOUE g 4598 @ b (Bg) 99 oS S oS eud Ll
Sl slegerme 4 SIS S8 e p oS (S Fie gl
Giie Yoles ol 5l A5 e a5 b i Jsexe ibe S¥olas
oSy cilizs glabinl, zge Sliel I ol Sy 4 bgiye yans
ol Sl el e Sealus bl ln e s 2 Slatke
Orizad 08 oolaiul dige b Shad s soaiiS Sl coYolee
A Slgidey oaiiSpalan b by (S 63959 Wy ln (B,
oy sladasie aile (soleidn by, @I wsose lagsiluand
008 Jus Sz Bule clle gl ezes 3 1,35 &l
Sl plas 1) oglital 5 oglie g o slacsdg )9

&l -1

[1] S. S. Vel, R. C. Batra, Exact solution for thermoelastic deformations of

functionally graded thick rectangular plates, American Institute of

Aeronautics and Astrnautiocs Journal, VVol. 40, No. 7, pp. 1421-1433, 2002.

[2] A. Moosaie, Steady symmetrical temperature field in a hollow spherical

particle with temperature-dependent thermal conductivity, Archives of
Mechanics, Vol. 64, No. 4, pp. 405-422, 2012.

[3] A. Moosaie, Axisymmetric steady temperature field in FGM cylindrical

shells with temperature-dependent heat conductivity and arbitrary linear

103

300

200

100

T(°C)

4

»(m) 00 x(m)

Fig. 12 The system response in xy plane & nt = 100 for the 2™
simulation

p9o silwand Nt = 100 3 Xy amis ;o gl Fol 12 JSCo

3 4
y(m) 00 x(m)
Fig.13 The system response in xy plane & nt = 200 for the 2
simulation

P9 silwand o nt = 200 3 XY amis ;9 g ol 13 0
300
200

100

T(°C)

-100
10

4

¥(m) 0o x(m)

Fig. 14 The system response in xy plane & nt = 1000 for the 2™
simulation

p3o ilwaed Nt = 1000 g XY amio ;o gl Fob 14 o

A ol ad)S s nj Ojpe 650 il Geizes (Il cnl o

T@,y,zt)=0

T(L,y, z,t) =50

T(x,0,z,t) =10

T(x,H,zt) =100

T(x,y,0,t) =20

T(x,y,W,t) = 150 (39)

X=200X Slaise b puses G5 ool 5l labis 5o Lo "15 Jsa" e
ol 0as o0ls ylis oyley Jobo ,0 7=20dz 4 y=20dy.

bla 5l ouisS je bt O 0 1) g slod woje 16 IS

oimles gloy Jsb j0 X jeme cg 40 2=20dz 4 y=20dy L bl

Iy Buan ali Coos dy o g Lod Ol pess Wiy Jloged ol (ke 4 ams oo

A e lid Gloy Jsb o X gz jo b S5 g,

T;(x,y,2z,t) =

8 olads 17 093 1396 LT .y s ilSe awizco


https://dorl.net/dor/20.1001.1.10275940.1396.17.8.55.9
https://mme.modares.ac.ir/article-15-12253-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-07 ]

[ DOR: 20.1001.1.10275940.1396.17.8.55.9 ]

USeD 9 Sruiub el

R Zode Shbiae ea5ud §r9 2 93 LS 2595 (53093 )5L J s

[11] N. altmuller, L. grune, Distributed and boundary model predictive control for
the heat equation, GmbH & Co. KGaA,Weinhei m, GAMM-Mitt, Vol. 35, No.
2, pp. 131-145, 2012.

[12] N. Boonkumkrong, S. Kuantanapreeda, Backstepping boundary control, an
application to rod temperature control with Neumann boundary condition,
Journal of Systems and Control Engineering, Vol. 228, No. 5, pp. 295-302,
2014.

[13] N. Ozdemir, Y. Povstenko, D. Avci, B. B. Iskander , Optimal boundary
control of thermal stresses in a plate based on time-fractional heat conduction
equation, Journal of Thermal Stresses, VVol. 37, No. 8, pp. 969-980, 2014.

[14] Y. Yang, S. Dubljevic, Linear matrix inequalities (LMIs) observer and
controller design synthesis for parabolic PDE, European Journal of Control,
Vol. 20, No. 5, pp. 227-236, 2014.

[15] C. Belav, G. Hulk, L. Bartalsk, M. Kubis, Robust control of temperature
fields in steel casting mould as distributed parameter systems, [IFAC-
PapersOnLine, Vol. 48, No. 14, pp. 408-413, 2015.

[16] H. Abedini Najafabadi, N. Ozalp, Development of a control model to
regulate temperature in a solar receiver, Journal of Renewable Energy, Vol.
111, No. 11, pp. 95-104, 2017.

[17] P. Moin, Fundamentals of Engineering Nummerical Analysis, Cambridge, pp.

47-100, New york: Cambridge University Press, 2010.

[18] B. Rahmani, A. Moosaie, A. Mansourian Tabaei, Distributed control of
nonlinear Burger’s equation, Modares Mechanical Engineering, Vol. 15, No.
4, pp. 214-220, 2015. (In Persian .. 5)

[19] P. R. Belanger, Control Engineering: A Modern Approach, pp. 6-50, Oxford
University Press, 2005.

8 olads 17 0,93 1396 LT s s ailSe o disco

boundary conditions, Archives of Mechanics, Vol. 67, No. 3, pp. 233-251,
2015.

[4] K. Khorshidi, E. Rezaei, A. A. Ghadimi, M. Pagoli, Active vibration control
of circular plates coupled with piezoelectric layers excited by plane sound
wave, Applied Mathematical Modelling, Vol. 39, No. 3, pp. 1217-1228,
2015.

[5] K. Khorshidi, A. Fallah, Buckling analysis of functionally graded rectangular
nano-plate based on nonlocal exponential shear deformation theory,
International Journal of Mechanical Sciences, Vol. 113, No. 4, pp. 94-104,
2016.

[6] M. R. Golbahar Haghighi, M. Eghtesad, D. S. Necsulescu, P. Malekzadeh,
Temperature control of functionally graded plates using a feedforward—
feedback controller based on the inverse solution and proportional-derivative
controller, International Journal of Energy Conversion and Management,
Vol. 51, No. 3, pp. 140-146, 2009.

[7] M. R. Golbahar Haghighi, P. Malekzadeh , H. rahideh, Three-dimensional
transient optimal abaoundary heating of functionally graded plates,
Numerical Heat Transfer, VVol. 59, No. 1, pp. 76-95, 2011.

[8] D. M. Boskovic, M. Krstic, W. Liu, Boundary control of an unstable heat
equation via measurement of domain- averaged temperature, IEEE
Transactions on Automatic Control, Vol. 46, No. 12, pp. 2022-2028, 2001.

[9] H. Rastgoftar, M. Eghtesad, A. Khayatian, Boundary control of temperature
distribution in a rectangular functionally graded materia plate, Journal of
Heat Transfer, Vol. 133, No. 18, pp. 302-305, 2011.

[10] H. Rastgoftar, M. Eghtesad, A. Khayatian, Boundary control of temperature
distribution in a spherical shell with spatially varying parameters, Journal of
Heat Transfer, VVol. 134, No. 18, pp. 304-306, 2012.

104


https://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&text=Pierre+R.+Belanger&search-alias=books&field-author=Pierre+R.+Belanger&sort=relevancerank
https://dorl.net/dor/20.1001.1.10275940.1396.17.8.55.9
https://mme.modares.ac.ir/article-15-12253-fa.html
http://www.tcpdf.org

