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Automatic Control Project for 2022-2023

(oSl g5 oY) aSail) il glaie Julad & Al jY) Jalaall (gasal 1f g pdial) o)) gic
(9\3@\ .\A‘Jﬁ\gdﬁﬁ#‘_’ééﬂ\ ;:UIAZ\M\J.\)
Goma Cpal) b il A+ thluégu&um_fm_i 18 sl e o pdial)

X
Automatic Control 4xd) 58Y) aSaill gy aladic) claghiall Laglsi€y MY qulall dhaal) cliubil) cpacs
sy Apadig g Aeliall el (e wandl B Siila g oY) aSail) e gliia apasaiy Jalady sl o A Virtual Labs
Gadisll b Ldall Y atail) claghial fi, A Al gy gy Jeal) dfphy quS i Jildy Sad gl )
Gaoal) slia) ala gl Gl Joghad S g el gl & il 4y ) o) cllaaall Jia) LS3ilSiall (o g8l Aaigd Alaad) cliydal)
gl e quiall Uiy e ) Al 8Y) Jalaall g gal ol o3a gty (G, 8 sgdlu sy S Al gl aranill g & ) cillasa o)
i L) JAl ddlida Jilugg Ae gite 3 3¢l s cilubua (e asadl) Adee cldliia o g AdlAl Siila g oY) aSadl) cilagliia JWSE
S (e Balaall aSail) cilagliial Inputs/Outputs il iall g CAIA 3k BlSlaay dud) 58Y) Jalaall 038 2 685 LaS i, aSal)
Gualall dalial) @\ZSJAJU Ol g B guall g o guall il A81S (e Lo Alad BlSlace Jailu g 9 Adasiata g Asilia dranlad iy yb g0
S Ml G ) hags Al YD Jalaall 038 (g Gty O o Lad iliday g, A1 g il slrall L o8 365 (g B3I 2a (1Y)
pladll cilbles (aca 4y slhaall cilbual) (any (Gl G ALK 9 5 ) ) JUEL) g @) gall Gl oadS dald (il g8 Bas Jalaty duad 2
Aaaal () Al Y Al A sl s Sl dadl) SelCl) Gl Jia aSadl) dules (ha 4y sllaall iy jhiall g iliill ) gua sl 4d8a1)
Gglhaall jaadlgf GlSall b B glal) &y ) ad) Jlaa) qus CipSill g 4 il B 3 e Badaa Jukds ci gl ) gea gl 5f sl g 2l 65
A sl gl Cansip 3
:£ gl ila
L an) 55 (0 o glhaal) dpalia) paalinl) g o g puid) 5 aSail) alaly dualild) dpdal 58y Jalaall g gal ) o sgda Ao G ail) Yl
L Aandiioiall Saila g3 0¥ aSail) alil cilana g 5 g5 o sgd) L g i il 98 il ga L Al pualiad) Al o LU
Jaladi g Ayl e glaal) Lin ol 93 AW Cuadad) Ll g Apal 58y Jalaal) cliadat aladin dgdes Adla A jo ddss LA
il glila £ Jal g palic Sl g avanal B Lghudal oy A1) Sasaial) Jiil) g Alaad) aliiy Saila g3 o) aSadl) cila glila Cilide
sh Le el Al 3 a9 ASHilSaall (5 g8l alaS (p yand) A addiiad ) o) gd) S g 4y i asail)
il 38 e ol oh il Adaaa ¢l Jaf ABIS By g Jadd B Sula gl oY) aSanll el dull ) Jalaa gl aladiad v/
OLSall 4 5g) daaad clasal A A ¢ sl aa aal )l £ sgd) (ha de gita il Gasall Jaldd) g S £ ggd) AUSL Janii (5 )3
815610 Cadaatl) Bl ) g Ay gl 1) Baby g il g Cppiatl) il o LA Aty ) Jild clpalla Ay ) ddaaal) Gpauaii g ciiSal)
Ll e ddla g Lgdes Jaldli g Lgills g 48 jeal gral jall (8 (Sl g1 oY) aSail) g (il alii A81S Jlas v/
(7N B Aai gall) ddaaad) o) Jal ABS B Aaddiieial) 3 ) jad) JUEL) 5 &) gall LGS0 g Ay ) jad) LSalinal) cililand) Julas v/
£ 9¢d) Cini cillaacal 43ladl) aSadl) cilbles B Baiaall cililuadl g 4GNSl (i) g8l Gaadai (pe Ay La A jlaa o quail) v/
P8l dales (ra B pJiiiall giliill J gac ol 4y S sl
4d At Al Ata)al) cililuall g ol 81 (e (B8 JNA (e Ay Al dpale B pulaa Jao g galipll Adlan g Axleld (e Sl v
ABS aBgig aniy Jla dplenl) @iliilly cila Al (ulil J gua gll 4931 gall Apaliil) clleaad) G g Lgin 4 e cililas sl ja) g
iy g Al G Jas dliSy cipgill Jal p ABS 2o ol pgd) Allad (5 e gSaud) Kl A e on-line Jddl g b
AdlAAY) Jlaal) d8LS g Jardal) i gyl ale ddasall BoldS g 5 yaall
83ga) Al ng ologdl sy Sl B aSad cilaghial (case studies) Dla clad ja Saad Liudat Lbuall 4u) 3y Jilad Jeo -lal
Al Al cila glaial) gf 531 03 (e S g g L e Ol Sl 13 Jady o uags Al 03 L Lgaladia aly Al dlaad) agadl)
L aall e s 3l 13 B Lgtd )
pSaill alii 8 duaadiial) aulal) gal j (il g A58 (g al) i g Apeaigh) p LS A381 AU ) lga o bl qu p Lald
il g (Y Conlall gl s aladin) A dlle 368 55 jlen aa Y Ao i pally OB 10 e 2 Y e g gllaal)
Olaslas 2 Guina /o)

(S Y1 pSadll a9k 3031 Jsinag ACC pSalll Jara s o 3450
LGl (5 68 anid B £ 0 adlSiad ya g Wil gad) Glasd Baa g ute

4 floor Faculty of Engineering Cairo University accvlab@gmail.com |www.acc-vlab.cu.edu.eg




i) RS 15 A o & Tr/ACGC

S lSaal) (o gl Auntia ausd Py = Virtual [LE[5S
ol - - SIS Automatic Control Circuits &Virtual Labs
w ‘:S'Q\JLA‘,JJY‘ eSL\S‘ (}QM for Mechanical Power Systems

MEP 4801 - B.Sc. Design Project TS all o 581 AaBIY Lsuial 550N Salaall s ,Ss5a 55Y) a8l Sana

Advanced Objective for the HVAC Project w.r.t. Automatic Control Theory

1- AHU of this project (fig.1) is mech. power system. It is a parameter, analog and transient automatic control system.
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Figure 1 HVAC Control System
2- The AHU system has multi independent input control or process variables (see fig.2) such as:
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a- DBT of fresh and recycle inlet air flow. b- Relative Humidity, @, of fresh and recycle inlet air flow.
c- Volumetric flow rate of fresh and recycle inlet air flow. d- Heating energy input from AHU battery.
e- Cooling energy input from AHU battery f- Water flow rate input from AHU for Humidification.

g- Inlet water temperature from AHU battery for Humidification.
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Figure 2 Investigation of Virtual Lab AHU Control System

3- The AHU system has also multi independent output control or process variables (see fig.2) such as:
a- DBT of the total AHU outlet air flow. b- Relative Humidity, @, of the total AHU outlet air flow.
c- Volumetric flow rate of the total AHU outlet air flow (not the same as total air inlet due to humidification).
d- Heat losses from the AHU to the outside atmosphere due to convection and radiation.

4- For the AHU as a feedback control system, we measure some main output control or process variables (fig.3):
a- DBT of the total AHU outlet air flow. b- Relative Humidity, @, of the total AHU outlet air flow.
c- Volumetric flow rate of the total AHU outlet air flow (not the same as total air inlet due to humidification).
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Figure 3
5- For AHU of the virtual Lab, we need to get a simplified “Closed Loop Block Diagram” such as fig.4 shown below.

4 floor Faculty of Engineering Cairo University accvlab@gmail.com |www.acc-vlab.cu.edu.eg




dwaigl) 4,08 5 alal) deala !ﬁg
LGl (5 gl Aait pusd
oSila g3 gY) aSal) Jara

CH/ACS

Virtual [L&OS
Automatic Control Circuits &Virtual Labs
Sor Mechanical Power Systems
AT aal) (5 g8 ABAIY Al 58Y) Jalaal) 5 Siila 53Y) aSatl) Jana

N\
N .
g’
MEP 4801 - B.Sc. Design Project

s I l
e e
led V e[ . [y P L
= ’ PR il Lagimnl,
== 1
§5 e Rk ok
Forety s ) B
= < o s )
- === 96‘ [~

Final Block diagram for
HVAC (or AHLT)

< | Ts
a+b|Z(S) 7?5:+l|

Figure 4 Typical Closed Loop Block Diagrams

6- We can use a PID Controller to control the AHU. We need to construct the PID Block diagram as shown on fig.5.
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Figure 5 PID block diagram for the AHU

7- Apply Block Diagram reduction techniques to get “Transfer Function” of the AHU Control System (fig.6).
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Figure 6 Reduction of Block Diagram of Closed Loop Feedback System

8- Get The AHU dynamic Time-response for different types of inputs (fig.7)
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Figure 7 Common input signals to test dynamic response of automatic control systems

9- Assuming reduction of T.F. to 2" order system, we get the AHU dynamic response (fig.8)
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Some Typical Real AHU
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