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ABSTRACT

Modeling and control of industrial robot are very important topics in industrial
applications in order to transfer the end effector from the initial location to the desired
location accurately and efficiently in terms of response speed and accuracy of
implementation. In this research, an industrial robot arm of six-dof was designed using
Solidwork software and then converted to simulink model within the MATLAB
environment using Simscape multibody tool. After that, control it using two types of
controllers: PID and FSC. The controller generates the necessary control signals for the
operation of the DC motors that connected to joints. The control system in this research
depends on the value of the angular location of the joints and eliminates the error if it
exists. The research ultimately discusses the results of previous controller’s
implementation and compares the performance of the control through the time response
scale at constant and variable input where the results show that the using of FSC controller

is better than the PID controller.
Keywords: proportional-integral-derivative controller (PID), fuzzy supervisory
controller (FSC), Computer Aided Design (CAD

* Assistant professor — Department of mechatronics — Faculty of Mechanical and electrical engineering —
Tishreen University

** M.Sc. student - Department of mechatronics — Faculty of Mechanical and electrical engineering —
Tishreen University




Tartous University Journal. Eng. Sciences Series 2019 (7) 33| (3) alaal) Auutigl aglal)  dralall (gl sl dnaly Alaa

- ”»

tdadla

e Casall 85l Algl) JB i Cun gyl liulss e waall Gulid el Al 8 oSl S
QIS g ¢ gl Spal)l Bl Camy o Ll Tolaie) oSatl) 138 adiny cagllal algall ) ol ade
J[1] Denavit-Hartenberg _as 43l 42k aladiul,

Ghaiall asghe a2iinly ccigigyll dadat dal (e A€uliall Vsl e daldl cluhall el e
eal) aSanall ansial ) Al 8 dacliall Cagig )l ghd el Gt 8 gilage e (FL) loal
oo ol ge Gslladll gl I Jguasll i (FLC) 8oliS il cupglil cus PID e Jias (FLC)
PID (FLC) e (s gl 5 &0l dlsyall 3 [2] PID oSaie ae 455lally (OVershoot)cangll las
L) ae Jaladll o duladll cleSatiall 58 auwg dal e (FSC) (olacal)l Cahay) oSaie aladial;
St ol il e s ) oSaill i of Jlae¥) e 385 [3] sy ) Aoy e dlaa
[S][A] aSatl) ddae 8 LglSiy oLl s dae

le eVl Gss e Glagd G Go Alie adad Cigig ) dadall Baas diph # ikl Gl a3
S el i dal e (Simscape Multibody Link Toolbox) axiul ua (ASuliall <Y aledl)
adiny (Al (FSC) aSaiall aladiuly 44 oSall (53n9 [6] Matlab peia 38las #3503 ) Solidworks ¢y
OSass -PID alasia) mil ae gl Addlie & (e PID @ljial Jasa dal (e Uadd) guie Uasldl e
A5V Clghaally Gl alie Gauals

Kinematic model. cigig)l SHall z3gaill dusfpa—)

SOLIDWORKS. alaiiuls cisigyll asenai —Y

DC motor model. &l s sl —Y

MATLAB. aladsul oSaall calu) lod avenal — ¢

Rl Ay —o

: duanl) A€

(i e 480 il WSl i e g il (Ahasll ) 8 (PID) aSail asy
S ( Kp, K, Kp) <liel s sty 3 ((FSC) 50 L) Lata andl 130 6 andieies s
el Blgill 3oy Juadl pmgas il ¢ as Y aSaie o Jeans

:&iant) diaal

el s iy Gl adgdl) ) cigg )l 8555l Alei Jgemy 3 Andall Bl e Gndll Baaal s
Oad (S alall sadis ligig M gl prans Gl Lielicall Lalil) ey tAaaal) Slhlead) 8 Loy aga
Sie adlgll ol J8 Cigeg ) dadar of LS il (elis Casthaall aligal) 8 Bi5al Glgdl) piag pgal)
ldaall Sbigsg ) eleil puan o duhall 038 aexd of L (Kasg  Jlally il



(s .a e Cpaad a0 [.,.'uan aSadiall aladiub l:ua Glayd E (e (Sla Gigg) gha ,.,é aSail) el (pad

: Qg g agal Yl
G cnall 13 b aiadal dal e cdia @ilags s (62 ABB IRB 140 Cags ) araa slaic) (5n
fol) Al ausiig o[7 ] IS8LAS Cagag I duslyy Jal e Denavit-Hartenberg (D-H) Jalai axiic
Glea ey Jealiall (e Wy i axi Cus :(Forward Kinematic) bl z3saie
sal
L) lua allarg adsall calflas) aad dus z(Inverse Kinematics) uSe zisaie
Jealiall el
Bl (a3 63 ABB IRB 140 cigs i (D-H) Jsaa cilia s (1) Jssall oo

ABB IRB 140 g )i DH Jgaa— (1) Jsas

Axis (i) Oi-1 ai1 di 8;
1 0 0 d; =352 a1
2 -90 a; =70 0 82-90
3 0 a> = 360 ] a3
+ -90 0 ds = 380 84
5 Q0 0 0 as
6 -90 ) 0 06

el gipally ool e (gpm3 Al O ipath) Bhgionn o Jumat of (S dyad Dla.

55354

Rii Riz Rz Py
RZl RZZ R23 PY

o7 -
R3; R3; R33 Py
0 0 0 1
Ry1 =c1¢33(CqC5C6 —S4S6) — €1 S2355Cs + 51 (S4C5Cs + C4Sp) (1)
Riz = c1¢p3(—C4C585—S4C) + 15235556 — S1(S4C5S — C4Cq) (2)
Ri3 = —C1C33C4S5 — C1S33C5 — S154Ss
3)
Ry1 =51C33(CaC5C5 —5456) — S1S2355C5 — €1 (S4C5C6 + CyS6) (4)
Ryy = 51C3(—C4C556 —S4Cs) + 515235556 + €1 (54C556 — C4C) (5)
Rjy3 = —S$1C33C4Ss — S1S23C5 + €1 8455 (6)
R31 = —533(C4C5C5 —S456) — Ca3S5C6 (7)
R3; = =533 (—C4C585 — S4C) + C23 S5 56 (8)
R33 = S33C4 S5 — C3Cs (9)

X=—dyci553 +¢i(cza; +ag) (10)
Y= _d4 Sl 523 +Sl (CZ az +a1) (11)



Tartous University Journal. Eng. Sciences Series 2019 (7) 33| (3) alaal) Auutigl aglal)  dralall (gl sl dnaly Alaa

Z=—s,a, +d; —d,cy3 (12)

Ll tadsall o duanis (12) (11) (10) b Wil af Gsas ¢ b)) zisall 3 Ll LSS LS
Aasbie ot QT Adghadll G il cafisall Zlgill olai¥ly algall aesd uSal) zdgaill ) dsally
ad e deanis . (12) (11) (10) Skl e (B3) (D2) (B1) Lol s b gl cililaa] priid
Llsds adsall Gmigaty lgle Jeans Al sUanal) 0T ddgicadl) o d3lia)l Pa o0 (D6) (D5) (F4) Ws
digaall Cligiias slaa (e lgple duans U QT Jialaall dgicany Jigadl) dighad olall (KA1 b oladY)
(D3) (D2) (B1) ad prasses 2xn g (9T X 3T X 5T X 3T X 2T X 2T) Jualiall

D Adadaly Gigag dl araal Ll
ebn e Al Simulink sSlaal Zaiey SolIdWOrks zaliy alaiiul Gigg)ll 8Slae (5ya0
(1) IS8 s WS gazans (5ya & «Solidworks o ela) &l & saeas (Matlab

.Solidworks ¢ lgasig ABB IRB 140 gyl el — (1) Jsid

MATLAB (e Ginay 5lae zises ) Solidworks e SslSal capecaill z3sall J& a3y
1Y) Jalasy Solidworks el meud Cus (Simscape Multibody ® DLl danay 8lal AREE
Sl J<a e Simulink ) i) & cdggda sled @iy (STL) cilile 1 Lebisaiy sy )l deanl
(32 iy AS)al) 5) Jualially (RS slad) Ol o et Ly
Laally Jalad) s SImUlink alasiuls Cigsg I dadas (2) <&l zaag



(s .a e Cpaad a0 ,.,.'ua:\ aSadiall aladiub i:u; Glayd E (e (Sla Gigg) gl ,.,é aSail) el (pad

-

-ABB IRB 140 Jjlsll Simscape Multibody .45 z3lll Simulink zigai— (2) J<il)

: satenall Ll diae dadad LG

Dad « paieaal) lall aladinl 4K Aala ) 4Lyl AWl Jsan DC Motor el lall ol jae
sl Jiatall AS)al) g 4y ¢ SilSuall ehall pa daad die g (Bydilae dailyga ASya yadll

[9] [8] DC & yns daidas (Say (14) (13) 0idlall e Jolaiel

Ldi _ o, g dB L.
= V—-K, " Ri (13)
dg . dg
gadds e Sl lia)ls (2) sl mas
- sAleeall LY iaa Sialp — (2) Jgaad)
Parameters Svymbol Value Unit
Moment of inertia J 3.2284E-6 kg.m?
WViscous friction constant b 3.5077E-6 Nms
Electromotive force constant Ke 0.0274 Vitad/sec
Motor torque constant Kt 0.0274 Nm/Amp
Electric resistance R Kl Ohm
Electric inductance L 2.75E-6 H

:SIMUlink 21135l DC ¢l yae dadai (3) JSAD maass

E Add 1/ Integrator3

Integrator2 position

.DC ¢as 3 Simulink gigai— (3) J<al



| <signain>
s a:}}
| sigrleis-
5 3 - > votage  position »|
2 I
1 CONTROLLER1 MOTOR12 MOTION
o ~o—f— Y
J CONTROLLER2 MOTOR? MOTION
[} 4?_.
72 . OTORS MOTIONZ .
O R —— L.
Ja MOTION3
MOTORY
CONTROLLER4 ! & DOF Robot Arm Mechanics1
FsC
g E U S N
I g I
5
CONTROLLERS MOTOR10 MOTIONA T

[o0]

Jg

Tartous University Journal. Eng. Sciences Series 2019 (7) 33| (3) alaal) Auutigl aglal)  dralall (gl sl dnaly Alaa

: aSal) dajles slaly

1(4) A mag WS Ohsall Lls) (oo dumaye Jala

J:T&"‘-\

CONTROLLERG

5

voltage  position

MOTOR11

MOTIONS

Cigag M Eisal g aSadl) Blal Jalsl) gz gaill — (4) JSad)
:PID aSais 1-4
& ay Glubuall e lgdle Jeans ) dailly aasall J2d) o () Wadl) e PID aSandl) adiay
1Gg PID oSaiall ADle Jaxd Gam oSl 5L Al
Gpip(E) = Kp + 22+ KpE (15)
(HLoi Kp Gl K ouliKp ) Wl e — E i
i [10] £8Y) sl £ L) camy PID oSl ciljae ) ol
Caagl) sl Adle At iaty e ) apeds Jab e tha (B) Wadll 1€ 13-
- B Ky 9 Kp (e S daiy 80S Kp daid aad ((Overshoot)
oo Aailil) Ll pieg i Ui e Lliad) daf e s (B) Wadll (€13 LY
Nina Ky 5 havea Ky daniy Kp ded Jis ((Overshoot) Casgll sl 5,8 4o
Cun (5) S8 g LS Simulink &y 8 PID aSaial) dada oSey (15) 200 alasialy
:(Kp, K, Kp) <lsehll) ad s

=
= | = -
K Product
1
N
T =< -
( 3 wu
a
FProduct1
c D erivative > -+
-
=d
Product>2

PID aSaia £ isai- (5) Jsal

N4



Qlss.a ¢ Gaall 4. (bl aSaiall aladiol djs o S (ha (S lia Cigags 13 (B Aol ool (i

:FSC _A,ay) aaiall 2-4

Baiae Lleny Lae (E) 2als it log cusatll e PID oSandll b desial) dalall sac Wl sy
{(FSC) (i) (ol oSt st (8 (el gt € o1 Bl

Wasll atay (E) Wasll Lea gppise e ((Kp, Kj, Kp) Clisoldl o i i (FSC) aSaial) aaiay
AN e dad L Al Aol selgill e degana oy (dE)

Simulink: diy i (FSC) aSaid) (6) J<a) maasy

Drerivative

FID Controller

.Simulink ity 4 (FSC) ataidl - (6) J<al
Lasl guie e as2 8 Jeass :Derivative o
Gub oo g dubua 4l ) Asalgll Jaall a8 Jsao :Fuzzy Logic Controller e
- omlaall Jaally Al e dSdass Al aeladll sasi aud ding ¢ L] i (e Ao gana

center of gravity J&ll <. dayh oladiul (Defuzzification) - all bzl 4ll)) Je

1ALl SSanll 3li) aas L[11] (COG)
T ()X
U=&i=m i)-Xi
it mn(xi) (16)

o e slail algs 055 (180+) Lange S daidy (180-) Al 8 dad (1 (@) 3 e )y
O 4 sl (dE) S8 Jaal) ) dawills W (7-8) J<80 mag LS . Jaall 5o dpales 3 ikt
—b) J<all b LS e JSa e "Ll oLl alss (5S35 (—50) dunge 88 daidy (—50) dlls 82 dad

(7
Membership functon plots [l s | 181 Membership functbon plots [l pairts 181
b ' ' M NSZEPS "PM ' ' Pk B N NS ZE PS PH PE
1 1
0.5 45F
a N " n N : : : o T i n T n T n n T
~150 -100 -50 i} 50 100 150 -50 -4 -3a -2a -10 i} 10 20 3 41} =l
nput variable "e* nput variabie "da"
(e)Uaill slaiy) anlgs ¢ (7-a) <l (dE) Wi} gidial cLaii¥) anlgs :(7-b)Jsil

ISl G sl s (5% AN (50) 8S dady (10) ram dad 0 (Kpp) @AY e sbin
5 Aoy (1X1073) (g daid 0y (K)y) zoa)) dasd zsliw . (8-0) UK angy LS (Sigmoid)
zAD ek =gl (8-D) UKl sy LS (gAUSS) JSAN (e A L) wilsi 5S5 Gun (3X1073)



Tartous University Journal. Eng. Sciences Series 2019 (7) 33| (3) alaal) Auutigl aglal)  dralall (gl sl dnaly Alaa

sy LS (Sigmoid) JSall e sl galsi 588 G (0.5) 508 dasis (0.1) (gpim dai G (Kgg)

.(8—0) J<a
Membership function plots B pns Wembership functon pot8 P | 181
— ; . ;
q 1
05} ] s
] , , , , , ) , o , , ,
1 185 20 2% 3 3 40 45 50 7 15 2 %5 3
output variable "kpp® output varable *ki™ x 107
Kpp gAY el aalgi - (8-a)J<ad - KAl elaiy) ali(8-b)Jsid)
Membership funcbon piots Pt e | 181
3 H
0.5~ -
o1 n15 0.z D.isl-mmvaii:bb-kddﬂ-ﬁs 0.4 0.45 1.5
cKgg gAY L) s (8-c) Jsil)
(Mamdani) ¢l 13a 4 ag SV Ll Gub e Al e Jaall by e
(Mamdani) (385 i< 5ac 8 (49) Lual Jall elais) alss (7) Lagie JSI (DA Ll 4l Lave
([10] V) J<a e
) hiall Gaca dasiial) 20 58l) (e 20— (3) Jgaad)
1. If (eis NB)  And (edot is NB) Then (kpp is B) (kiiis S)  (kdd is S)
2.1f (eis NB) And (edotis NM) Then (kpp is B) (kiiis S)  (kdd is S)
3.1f(eis NB) And (edotis NS) Then (kpp is B) (kiiis S)  (kdd is S)
4.1f (eis NB)  And (edot is ZE) Then (kpp is B) (kiiis S)  (kdd is S)
5.1f (eis NB) And (edotis PS) Then (kpp is B) (kiiis S)  (kdd is S)
6. If (eis NB)  And (edot is PM) Then (kpp is B) (kiiis S)  (kdd is S)
7.1f (eis NB)  And (edot is PB) Then (kpp is B) (kiiis S)  (kdd is S)
8. If (eis NM) And (edot is NB) Then (kpp is S) (ki is M)  (kdd is B)
9.1f (eis NM)  And  (edot is NM) Then (kpp is B) (ki is M)  (kdd is B)
10. If (e is NM) And  (edot is NS) Then (kpp is B) (kiiis S)  (kdd is S)
11.If (e is NM) And (edot is ZE) Then (kpp is B) (kiiis S)  (kdd is S)
If (¢ is NM) And  (edot is PS) Then (kpp is B) (kiiis S)  (kdd is S)




Qlss.a ¢ Gaall 4. (bl aSaiall aladiol djs o S (ha (S lia Cigags 13 (B Aol ool (i

13. If (e is NM) And  (edot is PM) Then (kpp is B) (ki is M)  (kdd is B)
14. If (e is NM) And  (edot is PB) Then (kpp is S) (ki is M)  (kdd is B)
15. If (e isNS) And (edot is NB) Then (kpp is S) (kiiis B)  (kdd is B)
16. If (e is NS) And  (edot is NM) Then (kpp is S) (ki is M)  (kdd is B)
17.1f (e isNS) And (edot is NS) Then (kpp is B) (ki is M)  (kdd is B)
18. If (e is NS) And (edot is ZE) Then (kpp is B) (kiiis S)  (kdd is S)
19. If (e is NS) And (edot is PS) Then (kpp is B (kiiis M)  (kdd is B)
20. If (e is NS) And (edot is PM) Then (kpp is S) (kiiis M)  (kdd is B)
21.1f (eis NS) And (edot is PB) Then (kpp is S) (kiiis B)  (kdd is B)
22.1f (eis ZE) And (edot is NB) Then (kpp is S) (kiiis B)  (kdd is B)
23.If (eis ZE) And (edot is NM) Then (kpp is S) (kiiis B)  (kdd is B)
24.1f (eis ZE) And (edot is NS) Then (kpp is S) (ki is M)  (kdd is B)
25.If (eis ZE) And (edot is ZE) Then (kpp is B) (ki is M)  (kdd is B)
26. If (e is ZE) And (edot is PS) Then (kpp is S) (Kii is M)  (kdd is B)
27.1f (eis ZE) And (edotis PM) Then (kpp is S) (kiiis B)  (kdd is B)
28.If (eis ZE) And (edot is PB) Then (kpp is S) (kiiis B)  (kdd is B)
29.If (eis PS) And (edot is NB) Then (kpp is S) (kiiis B)  (kdd is B)

; ABlially gilidl) slasals

S (®1=120°, @2=10°, @3=20", F4=40°, B5=30", ®6=60°) Jaa die il Al s
Kp = 30,K; =) :38s (LSaIL) Laas PIDSaiall ciljiogl Jasca (g5a . Simulink 2y aladiuls Ciga )
Kp =38.67,K; =) G4 PID ljie)ls Jaway FSC oSt aspy .Juslaall gaeal ( 2,Kp = 0.2
Gl die L}l LlaiaN) (9) JSal maagy L Uasl ey Uadll dad Cawsy clldg (10.002, K, = 0.389
sl JAal g lie pe Jealie S e PID 5 FSC aSans



Tartous University Journal. Eng. Sciences Series 2019 (7) 33| (3) alaal) Auutigl aglal)  dralall (gl sl dnaly Alaa

! : g Ret—
T RIS ferene FSCuvnn
5 5 Pid- -
u 1 1
0 1 2 3 : 5

Diff.Of Fsc and Pid Performance

: * Ref—|

; Fsc......

: ¢ Pid--—
UU 1 2 3

Time(Sec)

FSC 3 PID alaiiuly g ally Ref. aal) Jaal (9)Jsid)

FSC 3 PID ¢paSaiall g,al) cilial— (4)Jssad)

|
i |
m; o b Ref—
]gi. ......................... Faco.....
: Pid- - -
UU 1 é 3 4 ]

PID FSC
Overshoot 0.013 0
Rising Time 0.23 0.11
Steady state error 0.05 0.0002

: reSatiall hasid e gl s5al) dlgdl) Slae (10) JS&N mangy

XY ZPlot
0.2
0.1
.8
2 of
>
01
_ FSC Trajectory
____ PID Trajectory
1 1 1 | 1 1 1 ]
(e e
0.5 0.4 0.3 0.2 0.1 ] 0.1 02 0.3 0.4 0.5
X Axis

Ll Jaa sie cpaSaliall g JS aladiiad die Bigall gl sl — (10) i)
el Jay ddais ja) 355all Algilly <Desired position (P) qusbadll adsall culilas) (5) Jsasd) o
Al daally oSatie IS b pagail) Uad oy LS FSC5 PID aSaiall (e S pladiad die (sl

AR




Ol Ol el

(bl aSaiall aladiol djs o S (ha (S lia Cigags 13 (B Aol ool (i

CaSaiall 3S (b qudasail) Uadg Bi5all dulgdl) cildilan) = (5) Jsaad)

P PID FSC Error(PID) Error(FSC)
X-coordinate(mm) -98.29 -100.3 -98.29 2.01 0
Y-coordinate(mm) 170.2 167.6 170.2 2.6 0
Z-coordinate(mm) -896.5 -897.7 -896.5 1.2 0

i) G (gea o(signal builder) sl aladinls juatie Jaa die Sl capd Lol dsjall B

signal builder

) Jualiall e Byt Jaa Blak (11) JSi)

(1) JSANL miage 58 LS cJunlia diu e dejga

WS cilaia) Jsb o el Thd sgag 1aadl Gl Gueaiiall aladinls il 7 Al Gadas e




Angle (Degree)

J1

13

Tartous University Journal. Eng. Sciences Series 2019 (7) 33| (3) alaal) Auutigl aglal)  dralall (gl sl dnaly Alaa

J5

Time (Sec)

e J33 e FSC 5 PID  aladiiad die clil) tasll —(12) <l

Y g Al il dad gyl e el Badll e Qi) (g

Kp =15,K; = 13,Kp = 0.01 J<&) e <o)l musi : PID pSaie b

P oY) Gy eVl s s glKE ez Al elanl plgs dailat : FSC oSata b

Kgq =[0.11] « Kpp = [1050]¢ K;; = [1 20]

Sl il diaed s jaaie J33 2ie FSC 5 PID (e S lasiiad) wie daaa¥) (13)J<al o

'Y




(bl aSatial) aladiul dijs cilags G (ha (Slua Cigug) g1 (b aSaT ol Cpeal

Ol Ol el

Angle (Degree)

40 T T T T
25

T P ......... ‘E}i .......... ...... % 20k _ _________ ......... ........ ‘\}:\1 .....

11 - A s s 127

a0

Aok [ERTITPIR . [UUURT e

e 1] T, ............. L ERRRR_ A L J

13 Wl ____________ ___________ ____________ ]

R

J5

Time (Sec)
Sl el it e paaie Jao 2ie FSC 3 PID alasiul pe gl )all —(13)J<al

PID aSaia aladind vie jluddl (14-b) J<ally FSC oSaia alasiul vie jlad) (14-a) J<GN mag
cpSaie S aladiud die 5i5al) lgall adgagy cagllaall agall maags aa



Tartous University Journal. Eng. Sciences Series 2019 (7) 33| (3) alaal) Auutigl aglal)  dralall (gl sl dnaly Alaa

XY ZPlot

150 1

100

50

Y Axis
=]

-60

\

-100

0 — Desired position
O - Position(FSC)

-150
-100 0

X Axis

-300 -200

FSC alaiiul sie jlual- (14-3) J&)

100 200

300

150

100

50

Y Axis
o

=50

-100 [

XY ZPlot

0 — Desired position O
- Position(PID)

-150

-300

-200

-100

o 100 200 300

X Axis

PID alaain) vie jluall — (14-b) Jeal)
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opeSaiall AS 6 dallaall dails pagaill Uad gy LS ¢(P) aglhadl)
gasall iy Bi3all dolgdl) cildilan) — (6)d s

P PID FSC Error(PID) Error(FSC)
X~-coordinate(mm) -73.91 -73.6 -73.67 0.31 0.24
Y—coordinate(mm) -57.74 -57.03 -57.12 0.71 0.62
Z-coordinate(mm) 996.7 996.9 996.9 0.2 0.2

:CpaSatiall S plasid tie diall Alaial) ciiahls (7) Jsaall mung:

e 23 de L) el —(7) Jsaal

PID FSC

Overshoot 0.85 0.82
Rising Time 1.59 1.5
Steady state error 0.238 0.2

tGlua illy claliviuy)

vie el LlaaY) Cus e FSC jluall Gilyay) oSaid) oldfy PID aSatie ool cand) gl
cJeadl FSC oS alasiad of (7) (4)dslaadl 3 bl cojglal G ¢ naias ¢ <) cplan Lo Jaal

) dan IS B Sanll el daes ok e ctde il g Bt (s (12) S e

Lol (et s S5 Sl ) s s (s

o 4t gl Jas e Jaall vie ST Jled FSC ool elal o (6) (5) Jshaad) (b 30 meagie

- sl dad 8 Ladl) Cum e uaie A0

PID. aaiall sl i 4ie FSC oSaie alatiad ie Jil aagall et o (6)(5) Jslasl) zecagio
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Qlss.a ¢ Gaall 4. (bl aSaiall aladiol djs o S (ha (S lia Cigags 13 (B Aol ool (i

—ila Grnelad ki o S Gy dueliall Gluladll ligg I 3 oSatll Al dice
e 53] Dslhadll (e ST gl Jeatall s ) (535 43Y Overshoot Julisl
aglhall adgall e 55al dilgil) aagn s Steady state error Lo -2
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