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HVAC controls \i‘*\% )

Definitions and terminology & Z& MIfiy=E
Analogue: fE#%¢

Continuously variable (e.g. a valve controlling water
from off to full flow)

Digital: 8¢
A series of on and off pulses arranged to convey
information

Controller: ZEE[55

A device that senses changes 1n the controlled variable
(or receives input from a remote sensor) and derives the
proper correction output
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HVAC controls

Definitions and terminology (cont’d) € FFIflTzE

Controlled variable: $&|& &

The quantity or condition that 1s measured & controlled, e.g.
temperature, pressure, relative humidity, and flow

Setpoint: 5% 7€ Bk

The value (desired control point) set at the controller

=%

Throttling range: 1/ &3[&| (in a proportional controller)

The control point range through which the controlled variable must
pass to move the final control element through its full operating
range

Deadband: &

Range of controlled variable in which no corrective action 1s taken

7
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[Source: Honeywell, 1997. Engineering Manual of Automatic Control for Commercial Buildings]




Basic elements of a feedback control loop
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[Source: Montgomery, R. and McDowall, R., 2008. Fundamentals of HVAC Control Systems]




HVAC controls

Pneumatic controls 5@ B2
Traditional form of control used in buildings

Pneumatic controllers, sensors & actuators
Electronic devices may be integrated

Direct digital control (DDC) EH &2
Entered the HVAC industry in late 1980°s

Use a programmable microprocessor as controller
‘Direct’ = microprocessor 1s directly in the control loop

‘Digital’ = control 1s accomplished by the digital
electronics




Basic pneumatic control system E: A4S S @24 ] 2458
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Typical compressed alr supply system
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[Source: Honeywell, 1997. Engineering Manual of Automatic Control for Commercial Buildings]




Typical electric control circuit
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[Source: Honeywell, 1997. Engineering Manual of Automatic Control for Commercial Buildings]
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Fig. 35. Momentary Push-button Start-Stop Circuit.

[Source: Honeywell, 1997. Engineering Manual of Automatic Control for Commercial Buildings]
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Simple electronic control system fH EELAY B 125l 2458
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[Source: Honeywell, 1997. Engineering Manual of Automatic Control for Commercial Buildings]
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[Source: Honeywell, 1997. Engineering Manual of Automatic Control for Commercial Buildings]
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Basic microprocessor/DDC controller Fx AR 28/ DDCHEH 25
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Fig. 3. Microprocessor Controller Configuration for
Automatic Control Applications.

[Source: Honeywell, 1997. Engineering Manual of Automatic Control for Commercial Buildings]




VAV zone controller (application specific)
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[Source: Shadpour, F., 2001. The Fundamentals of HVAC Direct Digital Control]




Fan coil controller (application specific)
R EER ey (REER)
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System components

ll'

Control system components 225l Zx 4t 2H
1. Sensing elements EJE T
2. Transducers #AFE S

3. Controllers {2525
4. Actuators FITES

5. Auxiliary elements #H 52
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Fig. 52. Tvpical Nyvlon Humidity Sensing Element.
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[Source: Honeywell, 1997. Engineering Manual of Automatic Control: for Commercial Buildings]
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Fig. 56. Tvpical Electric Damper Actuator.
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[Source: Honeywell, 1997. Engineering Manual of Automatic Control: for Commercial Buildings]
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Flow pattern through dampers &8 [H[E 2577 Y
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[Source: Montgomery, R. and McDowall, R., 2008. Fundamentals of HVAC Control Systems]




Round damper
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Volume control damper

(opposed blade)
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[Source: Honeywell, 1997. Engineering Manual of Automatic Control: for Commercial Buildings]
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Internally mounted electric actuator

[Source: Honeywell, 1997. Engineering Manual of Automatic Control: for Commercial Buildings]




Control core mechanical systems FZEHI[F%( sk 2247t
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Building management software for HVAC control & monitoring

T E BT - R MR i 2 F 1 il R B

= Chilled Water System ME |

Call |[On

Chilled ‘»ater P5 Flow On
Chilled ‘W ater PE Flow On

Max Cooling Signal Chiller On/0ff
615 % On

Chiller Status Chiller Fault 123%C 16.7 *C
On Off

Outside &ir Temp MSSB 1 [20.2 ®C

Print

(Source: EMSD)




Building management syste

f# © What 1s building management system (BMS)?

ﬁf It 1s a computer-based control system installed in buildings
B that controls and monitors the building’s mechanical and
E/E electrical equipment e.g. ventilation, lighting, power

A systems, fire systems, and security systems

4t -

The aim of BMS 1s to achieve H 72
Safe and comfortable working environment zz447 0 T /ErE5
Energy saving & efficient operation gigeosET » iR A
At reduced time & cost 5

-y

.f'f = \x i \'._ If’ *
R\"x. _,,e-f’r-III \“- -/ x\"m.___.-/

'Ii?mpc;'ﬂnfw Moisture Circulation




Building management system<«

Terminology fiTEE
Buil

C
Building automation system (BAS)
Build

ing management system (BMS)

o

§@

S

Terms used here

1ing automation & control system (BACS)

Building energy management system (BEMS)

Energy management system (EMS)

Central control and monitoring system (CCMS)

Direct digital control (DDC)
Intelligent building (IB)




[Source: https://bms-system.com/understand-the-basic-concept-of-bms-system/]

Understand the basic concepts of BMS
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Practically BMS System not monitoring and
controlling all system in building directly




Levels of control in building management system

PETVE S G TP RS R

TR | Management

Central station communication
level

via gateways

1H =2 | /)perational |eve|\CentraI station

?%%UZEUDJU Control level Outstation, discrete controller

SR

Field level Sensor, switch, etc.




Diagram to show the typical system architecture of BMS
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General system architecture and components of BMS
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Example of an integrated building management system
ETFE B R4 0Bl
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[Source: Azbil Corporation]




Examples of control systems and devices in buildings
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Typical functions of building management system
ETVE T ey AT AR
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[Source: Honeywell]
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Example of integrated BMS for building and enterprise
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[Source: Tridium Software Solutions]




1. Hardware {4
Direct digital controller (DDC)

Sensors

Actuators
Cables to connect sensors, actuators to DDC
Human machine interface (HMI) display
PC workstation

Server to save the extensive database
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Building management system<«

Key elements of BMS: (cont’d)
2. Software 84

Programming or configuration tools

Graphics or User interface

3. Networking protocols 484% nhizs
TCP/IP — Transfer control protocols/Internet protocol

BACnet — Building automation controller network
Modbus

LonWorks
And numerous protocols available




Practical examples

Basic elements £L AT 22

Sensor [HEi 25

Measure some variables, e.g. temperature

Controller 2525

Process & compute an output signal
Controlled device SZ#edEE

Act to change the output of the load

Typical situation for building controls

Close loop systems (w/ feedback loop) FAE= 2245
(/S HEZEI P )




Controller
Set point C
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Example 7 7
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Closed I
0% 50% 100%

V—>
Controller Output

[Source: Montgomery, R. and McDowall, R., 2008. Fundamentals of HVAC Control Systems]




Simple heating system f&EEAYIIEA £ 4%
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[Source: Montgomery, R. and McDowall, R., 2008. Fundamentals of HVAC Control Systems]




Control system diagram 225l Z24¢
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[Source: Honeywell, 1997. Engineering Manual of Automatic Control: for Commercial Buildings]




Practical examples

Control modes $Z&H 5=
Two position (on/off) control Wifir'E (Fa/RE) 5]
Proportional control [L{31[#25]

Integral control ZZFE#74]|

Proportional + integral (PI) control

Proportional + integral + derivative (PID) control
Technical terms 77l FHEE

-~

Set points, dead band, throttling range, offset,
proportional band, integral time




FLARN WA AT B A5 ] BASIC TWO-POSITION CONTROL
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[Source: Honeywell, 1997. Engineering Manual of Automatic Control: for Commercial Buildings]




Example: Discharge air control system <9 : HERIEE] Z4%8
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Actuator control diagram 3
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[Source: Honeywell, 1997. Engineering Manual of Automatic Control: for Commercial Buildings]




Thermostat model of proportional control with deadband and dual

throttling range ELG%E
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EXHAUST
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AlIR _'F J"

Schematic diagram of a typical air-side system
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Can you 1dentify the components when you visit a AHU room?
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[Source: Honeywell, 1997. Engineering Manual of Automatic Control: for Commercial Buildings]




Fan system start-stop control
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[Source: Honeywell, 1997. Engineering Manual of Automatic Control: for Commercial Buildings]




Fixed quantity of outdoor air control
] TE R Y 2= J M2 R A%

Return air
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/ /A
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[Source: Honeywell, 1997. Engineering Manual of Automatic Control: for Commercial Buildings]




Mixed air control JE & 2% @ FEH]

v
EA O RA
o

o 83 © [on |

——

(2
YoV NoRMAL| § [}
L I I
0 ] o
1
20 OA e ! ' MA
0 P o |
0 |6 ON L | 0N
;| © oL
CONTROL |_ 16
_ PROGRAM (7]
29 e
17.5°C DB MA OA MINIMUM
COMNTROLLER SETPOINT 5ETpD| NT M15153
RA 24°C DB, 15°C WEB
./I’lr’k/®'
s ® o
4°C DB, 1.5°C WE

[Source: Honeywell, 1997. Engineering Manual of Automatic Control: for Commercial Buildings]




Control point designations for a constant volume single zone AHU

TRLRE 7 22 Lt 2% S o P AR A H Y 2 Al R 24
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[Source: Shadpour, F., 2001. The Fundamentals of HVAC Direct Digital Control
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- Point List

Point list for DDC system DDC Z 4 iy BE5 1 F=

Point | DO DI Al AO Remarks
Supply fan 1 1
| Return fan 1 1
E_ Duct tempera- 3 ,
| ture sensors :
Chilled and hot 5 5
water valves
Room tempera- 1
ture sensor
Smoke detector 1
Total 2 3 < 2 |
Table 1-1: An example of a point list. The purpose of a point list is to identify the total
number of each point category.

[Source: Shadpour, F., 2001. The Fundamentals of HVAC Direct Digital Control]




An example of DDC system architecture DDC £ 47 257

OPERATOR
MACHINE
INTERFACE

(OMI)

TELEPHONE
MODEM OR
INTERMET
CONNECTION

y TO OTHER

DDC

PANEL
1

CONTROLLER

DDC

PANEL
2

CONTROLLER

e

" DDC PANELS

LOCAL AREA NETWORK (LAN) TRUNK

? TO OTHER
CONTROLLERS
LOCAL AREA NETWORK (LAN) TRUNK 7O OTHER
Y ZONE
CONTROLLERS
ZONE ZONE ZONE
CONTROLLER CONTROLLER CONTROLLER
LOCAL AREA NETWORK (LAN) TRUNK TO OTHER
? EQUIPMENT
CONTROLLERS
EQUIPMENT EQUIPMENT EQUIPMENT
CONTROLLER CONTROLLER CONTROLLER

[Source: Shadpour, F., 2001. The Fundamentals of HVAC Direct Digital Control]
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