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Thrust vector control is a special method to change the attitude and position of flying
Keywords objects, which can only be applied in some missions. These systems require feedback control

‘ ABSTRACT

and lead to better maneuverability. In this paper, a finite time adaptive sliding model controller

thrust vector control system, s resented to control the thrust vector of a flying object. The first-order sliding model method

adaptive sliding model, requires information about the upper bound of system uncertainties and also this method causes

chattering, chattering in the control signal. The standard adaptive sliding model method has solved the

uncertainty, problem of the need for the uncertainty bound and also reduces the chattering range. But this
finite time stability. method does not guarantee finite time stability. In this article, the finite-time version of
adaptive sliding model is used to control the thrust vector. This method guarantees finite-time
stability without the need for upper bound information of system uncertainties, and in it, the
convergence time of the tracking error and estimation depending on the initial conditions can
be calculated. The performance of the proposed thrust vector control system has been
investigated by computer simulation and its efficiency is shown in comparison to other

methods.

[ Downloaded from journals.sut.ac.ir on 2025-07-31 ]


http://dorl.net/dor/20.1001.1.23223146.1401.9.2.1.9
http://journals.sut.ac.ir/jnsee/article-1-459-en.html

[ Downloaded from journals.sut.ac.ir on 2025-07-31 ]

G o JAS (sl spime plaj ghekss Aalae 0235 S oo

Sy Loseml s J5 plige wumg cginnl domme

\%4

dodo —

Odiliny (512555 on plonil J ST 5 Calts (6 236 (Sl Lo 55 adntin (63150 s )3 05 3 65 S >
Aoy S5 Zulin 53 J ST OT C8 o rs il painiin S 5 a5 atetin dbB O 4 oy 6
4 o 1y oy Sl ndgn 5 Zop g (6230 s [V Sl OT s J 587 g £5Y (el p 57 slime &
5 ahy Sl (RS e aiby s o I Sl e Ll 55 5 LS 0 Aeale o e oKaws
L) oS J 28 ¢ J 587 (sla S Jold (sleo gozms J 287 o ool Syl (i o 05 5 ol 3 51 2
el 58y o 5 (IS Glae

plar! Conds J ST Gl (2 5n 51 (S0 8 12 RS s ol oS g JE o7 B0

ol gale o g (o gl [F 1] 55 5 S e S 81 [] 55 Jte sl sl YU 5le Ol A 5 51 0
M\{‘J&j‘jﬁwéﬂﬁﬁdlﬁj\n}J)f@\;-éb}ﬁﬂb)l}ﬁdﬂ;W.@‘a&obb‘ﬁwd‘j\
o S [F] 53 2l Hls 5 IS 5 e ¢S &S5 Job ) SV¥slee [0]0S oA ) s S
Ole3 b et glo o3l S| (5 ol pod sl ) 48 bl on (Sl s T ol Juls o ] (Sl s Yl

QM‘LQ)}/U;:ML)}.Djb‘_;)‘u\iLiMLJBd‘)J)ﬂ@@r&)@‘abw

W elis 13 35 50 S o Sl g 31 0l 5 13 53 ST EI 3 p e 0y e S [V] e 53

5 e SLlazel s QU5 eSS ) Cles S oslinad gt il 6y Sle e 6 Sl i
S 3l 037 2 1y B 13 (e el S g EST G s [A] Wlis 315 1y Jds (gla somal
Ghie 3l eslizal LPID glas g slie 0T 53 a5 ot 61,1 &Sy ol (ol (656 PID sais™J 287 o5 1 b
oy Sl (a5 oSSy e (53 558 0 03lial o (slagin 11 PID (255 550 oo e Ol b8 L (556
sl 48 5 55 oo i o r3lie 515l 511 p pl 53 68 338 st s il & Sl SLPID (10
o 0300 0 (Serlins T ST 5 GBI Doy sy 35 8 5 S el o ST G (/] e )3
& A1 1y o g pladl Sy Ll S o o3l Cundy J ST 51 5T e 3B L 2515 ls 51 STl
23 CSTy U8 5 e 81 (Saaling 5T SaeSIL S eslizal s e 4 A oo [2alS 1, STy J S & yd8 ol
lae ol o Celaztls  FLQR 0aiS™d 287 b 4513 JUS 058 e 51 ds andllas ol sl (555 00 dljo
A 55 LOR oS 587 iman 5 s ogllae A4S M3 457 5 5b0les &7 Canlos S oslizul os st Jobs |
Sadly oS S, 51 PID sS85 G [10] e 53 o sl e (sl msl 5 o 3L

e T o ey 2S5 ‘.;wiﬂ L5 PID (lao g polie andlas ol 53 Camlods €150 J5l, 15 5 ne

! Thrust vector control

2 Proportional-Integral-Derivative
3 Pitch

4 Linear-quadratic-regulator

5 Genetic algorithm

Journal of Nonlinear Systems in Elect. Eng. Vol.10, No.2 Autumn and Winter 2023 1F+¥ Glwe 5 5ol oY o5lad Vo 0553 (5 1 owkige 53 b slaaloln 4,25


http://journals.sut.ac.ir/jnsee/article-1-459-en.html

[ Downloaded from journals.sut.ac.ir on 2025-07-31 ]

G o JAS (sl spime plaj ghekss Aalae 0235 S oo

Sy Loseml s J5 plige wumg cginnl domme

\A4

J._b;?i{::.u v:ﬁu)g\j\ oslazal s pummen 5 Cand Ogllas &S Cnl (o GU)J""JL&» Ol o3 edd eslanal
2 s g 6 513 BT (gl (5 S 45 0 PID oS 87 oG [7] dlin )3 sl o s s 4l (55101
c,ms,;mg,wm;m,mi,:y@\j\;JmsétﬁCt?,éaégd,ugiiduﬁ@\.@\a.\;ft,»umuuﬁ
Sla gl 5 Slalazl s SR 5 ot b o (2l (80 oS U 2S (ob ol n o)l s (ol 5 b

.@\o&a:\:gff@fp|Da&5dffbjM

VA\JA\J‘YL.\LE:[{dti:)q&Q@:o&»\aéﬁ-ﬁb}#guowdﬁéwjwfuaydjlap
oo diSTd 28 Jleslamal obsy VL Cis I oluabl 6l cLAC,.:x]a}C.\:— semy Jds 4 dl= LY M ] Cles S
50 Bptans Gl pslie slp b Gl By S 5 o Feddast s I (SO dbb e (505 pslis

DIY]ools Comlabpis hyls (o o Sla s J 287 55 6505 sl 2,8 (L35 gy il oo G353

S eslimal sl s e Saalad pie VL OIS 1 eI @ L sl 4 S b il 5 (S

Cualabpds jlukie b onlite oS T 2870 g Syl 53 Cnlockd gl sl kel 0 b o3 58 (laoliSTJ xS
35eoee Ol SO e ¢ B0 ol 53 (ol (Al Ll s Cmlabeite (YL O1ST cuils 4 (5L 5 ST (0 S
S S o3lizul oo 45 Cslodd #1) e A v;{,}ij\,g [VF] g o 3 il oo 2 SKen 0l @yl

.c,m\o,uﬂwwdtﬁwgw,;,amuﬂw,,z;>,4~oujé,l%g‘;ﬁwcxsvpo\;wgr,\;}dzrk:

(s slap ) SN 51 el oS 3l 53 015 gr ) 411 JEST o st 53 0 plonil (51851875 0 Glome b

ol L aoT o1 5 tin IS (g &G I (gl ot ol ba gy opl o Clos B oslinal jshate ol (gl
pslie 5 (o b 3wy B saae b 5l Alhe ol 53 ULl o IS OIS (g Sl e (5,87 Ll 5 31 o3 8
(semal YL OIS 4 5 s 4 Jgl 4 e (ch 50 55 ol o o3l &K g 1) 5 2 s J ST (61 055
oslitl Gholas gloe g b o0 (slo o KU1 ST lie o 53 bl rasi (S o alml (53lnosly 3 (5315 5
G5l ol e 53 S 035 ikl (B by 514l page 5 S Wil )3 ealiel 5 5e gla () 5 Al L alold
e slas 5 obsy last 5gutoes Ol (6Ll el 4 530 3 Ikl ikl 55 gy OV 5 edss S
S il Ll J ST 6l Tagdeus Ol ke i ade oS 28T o1k dlie cpl ol Coa ol s LBl s
3ty 0SS 50 &1 By I35 e K0 &K (Senls SV slre sl pl (gl Sl ol ¢S 5
S0 3, 5es ol o b ol Kas Ol 5 S 3o Ol (510G ctmen 35 5 o (b Je ol sl

"’"Jfgs"’ 4y le J—<i> sl gy b slably gilwas f"’ﬂ b sslgtin

‘fzﬁhdﬁfr}mj&nﬂ)).));d‘G‘)“}i«.;‘)‘)‘.}ﬁﬂ&ﬁ&}ﬁél&{)dh‘?})ﬁ))‘\.A‘)‘J)

Ju_udju%_:@upkﬁﬁw.@\au@\}&;b,bﬁﬂﬁ&y@ﬂ s Olej ks

WDnlodd Oy (6,8 o 35 iy i 53 Calgi 53 g o amlin LSS L la Bgy 3 She 535500 0305

! First order sliding mode
2 Finite Time Adaptive Sliding Mode
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