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Disclaimer

This presentation was prepared specifically for use as
college training material. It shall not be modified
without the consent of the authors.

This presentation represents sponsored research
activities. Neither the Client nor Battelle warrants
the accuracy, completeness or usefulness of the
information. Reference herein to any specific
commercial product, process or service by trade
names or manufacturer does not constitute an
endorsement or recommendation.
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DDC Controls and Energy Conservation for
HVAC Equipment - Agenda

1.
2. HVAC Control Principles

3.

4. Vendor Examples of DDC Software Programming and

o o

————————————

Introduction of DDC Controls Project

Communication Standards and Networks

Operator Interfacing

Typical Rooftop and Central AHU HVAC Control
Systems and Applications

System Maintenance and Service of DDC Controls

Avoiding Common Control Problems and Fixing the
Problems

Calibrating and Verifying Energy Savings of the DDC
Controls
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Part 1

HVAC Control Principles

Intent of Battelle Pacific NW Division involvement
Purpose of Controls

Key Components of Control Systems

Control Loops, Open vs. Closed Loops
Terminology

The Control Cycle and Control Actions

The Energy Sources for Control Systems

DDC Point Types
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Part 2
Control Applications, Networks,
Programming, Maintenance, and

Energy Savings

DDC Control Applications

DDC Networks and Architecture
Communication Standards and Networks

Vendor Examples of DDC Software Programming
and Operator Interfacing

s W=

5. System maintenance and service of DDC controls
6. Using DDC controls to save energy
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Section 1
Introduction of DDC Controls Project

* Purpose of this project is to provide HVAC
educational materials to Washington State
community colleges to educate students who have
chosen or may chose career paths related to HVAC
servicing and building energy management fields

PNWD-SA -8834
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HVAC Control Principles

The Purpose of Temperature Controls
« Control systems are the “brains” of HVAC equipment to
maintain human comfort. Pictured below is an AHU that
serves only one zone. This type of AHU is called a single
zone AHU. In the example, a temperature sensor (stat) sends
a signal to a control panel, which sends a signal to a valve.

—
—
N py | =
- '._- i Gl

Control Panel

Courtesy TAC Controls/Schneider Electric

————————————
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Section 3
Key Components of a Control
System Include:

Sensor |y Controller | Controlled
Device

Controlled Device

sensor Controller
N.O.
120
Vac
- FWS Energy

Vac

Signal

Common

Courtesy TAC Controls/Schneider Electric
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Sensors

Modern HVAC Sensors Include: - :

* Humidity and temperature transmitters

» CO, for indoor air quality (IAQ) utilizing W N

demand control ventilation
* Power meters
* Branch circuit monitors
* Energy meters

Courtesy Veris Industries
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S

ensors

* A sensor monitors and measures a variable. The
HVAC variables are temperature, humidity, flow, and
pressure. Different types of signals are produced by
different types of sensors. They include:

—Electric sensors
—Pneumatic sensors

—Electronic sensors v

An example of a sensor is shown here. While it may
appear to be a thermostat, it is a remote sensor with
a remote setpoint dial. The controller is in another
location.

PNWD-SA-8834
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Pneumatic Sensors/Transmitters

* Pneumatic controls sensors or transmitters
sense the variable and produce a 3 psig to 15
psig (pound per square inch, gauge), [20 kPa
(kiloPascals) -105 kPa] signal over a particular
transmitter's range.
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Electronic Sensors Include:

* Resistance sensors are resistance temperature
devices (RTDs), and are used in measuring
temperature. Examples are Balco elements, copper
platinum, 10K thermistors, and 30K thermistors.

* Voltage sensors could be used for temperature,
humidity and pressure. Typical ranges are 0 to 5
Vdc (Volts direct current), 1 to 11 Vdc, and 0 to 10
Vdc.

 Current sensors could be used for temperature,
humidity, and pressure. The typical current range is
4 to 20 mA (milliamps).



Battelie
1000Q2 (Ohms) Balco PTC ﬂ-nw-h-qfhm

Electronic Temperature Sensors

* The resistance outputs of a electronic Balco temperature
sensor follow the diagrams below:

9738Q 1000Q2 10220

* When 1000 ohms is measured across the Balco element, the
temperature is approximately 70°F (21°C). As the temperature
iIncreases, the resistance changes 2.2 ohms per 1°F (3.96
ohms per 1°C). In a Balco temperature sensor, as the
temperature increases, the resistance increases proportionally
In a positive direction. This is known as a positive temperature
coefficient (PTC) sensor. However, many temperature sensors
are considered thermistors, and perform as Negative
temperature coefficients (NTC).

PNWD-SA-8834
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Comparison of Common Temp Sensors

PNWD-SA-8834

Thermocouple RTD Thermistor I.C. Sensor
> —— V= &
v R R Vorl
| o o
8 F4” Quw
s <! =k
:I E., - ) _j:
Q ] - Q0
> w - -
i 8
T T T
TEMPERATURE TEMPERATURE TEMPERATURE
T Seif-powered T Most stable — High output
s — Simple — Most accurate — Fast
— Rugged = More inear than = Two-wire ohms
'i' < inexpensive thermocouple measurement
8 | = Wide vanety
: = Wide temperature
range
s — Non-inear — Expensive — Non-linear ‘ _f: T <200°C
S' — Low voltage Z Current source re- _ Limued temperature . Power suppiy re:
€ | = Reference required quired range _ Quired
8 | — Least stable Z Small &R _ Frague — Slow
-5 Z Least sensmive Z Low absolute _ Current source re- - Self-heating
-1 resistance quired Z Limueo coniigurations
a Z Seli-heating _ Self-heanng

~ . | - 1 4

Courtesy Omega Controls




Controllers Can Include:

Electric Controls Pneumatic Controls

; DDC
Controls
o =C:
Electronl Controls
SA8834 Courtesy Johnson, Honeywell, and Alerton Controls
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Controllers basic principles
the controller receives the input
And processes an output

Sensors Controlled Devices
OQutput points

Input points
Analog {Variable) or Digital {2 State) Analog (Variable) or Digital (2 State)
Water Flml-.r Valve ’_‘.Q';if
Temperature Supply (5,
Air Flow Fan
(Static Pressure) Outside Air  T7
Low Limit Controller Dampers
(Freeze stat)
Chilled Water ——
Supply Pump
Smoke |
Humnidity Humidifier

Electric Heat

PNWD-SA-8834
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Electronic Control System

PNWD-SA-8834
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7350 (1)
PROGRAMMAEBLE -
THERMOSTAT

| DAMPER
= ¥ 5] RETURN
EXHAUST ‘ ‘ * AR SENSOR -
b
»
-~
I “
| 4
[
| ®
| &
| . +F
OUTSIDE ’ )
AIR SENSOR A
—— ,
. -
\R\\ H FAN
: W
| COILs DISHCHARGE
AIR SENSOR

RETURM AIR
FROM ROOM

SUPPLY
‘ AIRTO
BUILDING

u WT210 SOLID
STATE
ECOMOMIZER
LOGIC MODULE

M23902

Courtesy Honeywell Controls
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Pneumatic Controller System

“Branch” or Control

Pressure
Sensor t\\

N
T s
Filter FI

Damper \

Operator \
AN
A A Pressure

Compressor Regulator

Controller

“Main” or Supply
Pressure

Valve

Actuator Thermostat

Valve

Courtesy Northwest Energy Efficiency Council
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The DDC controller receives the input
from the sensor, performs a logic
function, and processes an output

Into DOC Cut of DOC
Ha.‘_‘_‘_\_‘_h

Sensor

Controller
Controlled
Device

LOGIC OUTPUT

Courtesy DDC Online Org
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Controller Action-Direct or Reverse
IHHlustration

TEMPERATURE | BRANCH LINE | acTion
e | puet
& (Rise) Rgt?:;
W (Fall) & (Rise) iec\;fgze
“ —_
& (Rise) @ (Fall) ngg:‘;e

Courtesy Honeywell Controls
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Controller Direct Action-lllustration
Teoc “ Tm"ﬁ‘ TPSHk.Pa
= T 1 1
Direct Acting . .
LOOP _ @L
Sensor = @; Stern
5= Transducer L
|| N

Controller CAB a9 [a] Hws 9

Nomnally OFEN
Yalve [N.O))

Yalve CLOSES

Courtesy TAC Controls/Schneider Electric

PNWD-SA-8834
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Controller Direct Action-lllustration

* This relationship between the input to a controller
(temperature) and its output (current) can be
displayed on a graph as follows:

20
15
ma 10
5
Og5F 70°F 75°F B0°F
18°C 21°C o400 27°C

Roormn Temperature

Courtesy TAC Controls/Schneider Electric
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Controller Reverse Action-lllustration

Lmﬂa lpm | kPa

T"FJ"’C \“7

. o »
ReverseActin
5 LOQF
ensor E= Bl
& s | T Bhn Stern
= Transducer T
|

Controller CE 1 Hyws b
Nomnally CLOSED
Yalve (N.C.)

Valve CLOSES

Courtesy TAC Controls/Schneider Electric
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Controller Reverse Action-lllustration

* This relationship can is displayed on a graph as
follows:

20,_;
15 \
mA 10 \\
5 \

065°F f0°F f9°F al*F
18°C 21°C 24°C 27°C
Roormn Temperature

Courtesy TAC Controls/Schneider Electric
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Controlled Devices |

Control Valves

e
o

— two-way Control Valves

Used with differential pressure (DP) sensors and VSD pump
systems on primary and secondary loops

—three-way (mixing or diverting)
— Pressure independent control valves

Automatic dampers
Damper operators

VSDs: variable speed drives

Courtesy Belimo

PNWD-SA-8834

1-25




Controlled Devices
Valves

‘OUT
8 DIVERTING

A. SINGLE - SEATED B. DOUBLE - SEATED

Typical Single - and Double-Seated Typical Three-Way Mixing
Two-Way Valves and Diverting Valves

Courtesy Belimo

PNWD-SA-8834
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The Present Control Systems
Use control valves that are:

‘Pressure independent control valves
No Cv required, reduced pumping costs, higher
efficiency, easy to balance.

e CONTROL SHAFT
Ay

Note: Pressure across the
control srface (PI1-P2)
remains constant. Steacly flow
mmproves heat transfer,
minimizes flow, anel raises
delta T.

L_CONTROL SURFACES

Schematic of Pressure Independent Modulating Control Valve Courtesy Flow Control Valves

PNWD-SA-8834
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Examples of 2-Way and 3-Way
Control Valves
SETPOINT SETPOINT
R ] = 1
! cwRbe—y ! CWR —— i !
| i | i
: 5 I
cws ».——E%——— L cwsee— XD E
|
= i o |
gl ( o LR
¢ - T -

3-WAY 2-WAY
CHILLED WATER COIL CONTROL

Northwest Energy Efficiency Council
------------

1-28



Dampers: Types, Actuators, “Hgﬁﬁ“

and Characteristics

— Economizers on many central AHUs are
custom ordered for the job specific
requirements

— Economizers on packaged RTUs are
normally ordered as an option with the
package

— Control Dampers Can Be Either:
Parallel or opposed dampers

= PN,
] )
¢
N N
| - %f
)
Parallel Blade T Opposed Blade

PNWD-SA-8834
A N S N 1-29
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Economizer Damper Actuator Types
are either:

Pneumatic Electric Electronic

————————————
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Economizer Damper Actuators """""""“‘“"“"'““

will have either direct connect actuators bolted
directly to the damper or they will be installed with a
shaft and linkage arrangement (more prone to fail)

iy Y

Direct Connect Actuator Damper Connected to Actuator

Via Shaft and Coupling 1
5 ~an]

————————————




Parallel Blade Damper Characteristics

have poor linear control

Figure 3
Parallel Blade Damper Flow Characteristics

Installed flow characteristics at
different damper authorities (1-100 %)

, B
-
|_-". .E
| %

: o
2

Fd e

Damper Position Degrees Open

| | | | | | | | |
2 3 4 5 6 7 8 9 10V

Control Signal Courtesy T.A. & Co.

PNWD-SA-8834
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Opposed Damper Characteristics
have better linear control

Figure 4
Opposed Blade Damper Flow Characteristics

o Installed flow characteristics at
=~ different damper authorities (1-100%)

% Maximum Flow

Damper Position Degrees Open
| | | | | | | | |

2 3 4 5 6 7 8 9 10V
Control Signal

PNWD-SA-8834

Courtesy T.A. & Co.
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Damper Actuators can be Controlled by :

* Voltage (0-10Vdc or 2-10Vdc)
* Current (4-20mA)

* Floating point (binary pulse to open or close)
 PWM-pulse width modulated
* Resistance (0-135 ohms)

24 VAC Transformer

I-Q-1 Common
|+H2 + Hot

Line
Volts

19}+
500021
& |-+H3 Y, Input, 210 10v

4to20mA ()
Control Signal (*)

2to10vDbec (-)
Feedback Signal (+) |53 U Output 210 10v

AF24-LIN US

Example of analog control using 4-20mA or 2-10Vdc

Courtesy Belimo
ssssssssssss
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Electronic Variable

Frequency Drives (VSDs)

*Vary frequency of motor to control speed
*Often called VSDs, VFDs, or ASDs

1-35



DDC control systems have variable
frequency drives (VFDs) as
standard equipment on:

Batielie
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« Cooling towers
 AHU’s and VAV fans
 Pumps

* Chillers

New 450-Ton Step Chilleps/ Turbomodulator
e -

1-36
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Variable Speed Drives

Sine Wave Variable Mechanical
Power Frequency Power

Power
-{.‘.\._7.. Variable AC Motor
Frequency
| 1 340

Controller
L

S| Power Conversion Power Conversion

- =
Operator

Interface

Courtesy ABB Controls
PNWD-SA-8834 1-37
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Review of the Key Control

Components

Exercise-identify the sensors, controllers, and
controlled devices

L

gﬂ __ No%:@:&

Il1=2¢
3
T HWS Energy
~=L| 24 Source
A=l vac F—------- -
| |
Sigral cwRi— | i
Common . :
: |
CWS | !
—— X :
i
C !
Lo l {
§ —
o 4
Courtesy TAC Controls/Schneider Electric

PNWD-SA-8834
A\
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Review of the Key Control

Components
Exercise-connect the sensor, controller, and
controlled device in the proper order.

Controller

O o

) Sensor

Controlled
Device

Courtesy Alerton and Belimo

1-39
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Review of Control Action

Exercise-the control drawing below has a
direct acting controller, with a NO valve. Show

the correct action with arrows at each
component when used for cooling mode. T

Acting

“Direct Acting
LOOP _

Sensor

O

(REIF==3

Nomnally OFEN
Yalve [(N.O.)

Controller Yalve CLOSES

"

Courtesy TAC Controls/Schneider Electric and Belimo
1-40
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Review of Control Action
Exercise-Circle the correct answer.

A discharge air sensor modulates a normally open hot water valve. What action is
needed for the controller?
D.A.or RA.

Discharge Air Sensor

Circle the correct answer.

MO,

. :[ﬁ

HY'H

Courtesy TAC Controls/Schneider Electric

PNWD-SA-8834
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Review of Control Action
Exercise-Circle the correct answer.

A return air humidity sensor modulates a normally closed chilled water valve for
dehumidification. What action is needed for the controller?

Circle the correct answer. DA or RA

| Return Air
= |

Humidity Sensor

MN.C

CHWS {ﬁ

CHWR

Courtesy TAC Controls/Schneider Electric

PNWD-SA-8834
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Review of Control Action
Exercise-Circle the correct answer.

The mixed air sensor modulates the normally closed outside air dampers and the
normally open return air dampers to maintain a temperature of 55°F (13°C). What action is

needed for the controller?
Circle the correct answer. D.A. or RA.

15°F 1 24°C

L
o

i

X

£S

£

S

Outside Air &
N
35°F 1 2°C AN

iy
ot

Mixed Alr
Densor

MN.C
{Normally Closed

Courtesy TAC Controls/Schneider Electric
1-43
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Review of the Key Control B

Components

Exercise-ldentify the parallel vs. opposed blade
dampers and the 3-way mixing vs. diverting

Courtesy Belimo

------------
. . —
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Section 4
Basic Control Loop Principles

Controllers can be either

“closed” or “open” Loop

—Closes loops provide feedback-good control
—Open loops have no feedback-poor control

PNWD-SA -8834
A\ "~ . | - 45
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Basic Closed-Loop-Example
The sensor feeds back to the controller

Controller
C ;ﬁ
l Heating
P d— Water

Normally § |
SEnsﬂr? onen upply
L
Controlled Medium «—|Healing

e | GOl | e Alirflow

Controlled
Device

(Air temperature)

— | e

= Heating
Water
Return

Courtesy DDC Online Org

PNWD-SA-8834
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Open Loop Controls
have no feedback to the controller

Outside Air
Sensor
Controller Controlled
Device
l Heating
" Q-T—Water
ormal |
ooan” Supply
: Healin
Controlled Medium - — )
(Air temperature) Coll | ——— Airflow

= Heating
Water
Return

Courtesy DDC Online Org

PNWD-SA-8834
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Closed vs. Open Loop Control mi'f-"?l'-iﬁm

Hlustration

Notice, averaging bulb is closed loop in supply air,
but T-STAT between filter and coil is open loop.

/—- INTERLOCKED WITH FAN
-1

/'2-POSITION, NORMALLY OPEN

-_————-———-1

8

I

'

]

i

I

'

o

O|
X

o

>
wn
—f
m
>
<

____________ g /— AVERAGING BULB

ouTpOOR st k ' 4 ‘
=N SO~

o
T STAT \—PREHEAT COIL WITH FACE &

BYPASS DAMPERS
NORMALLY CLOSED

‘PREHEAT FACE AND BYPASS DAMPERS

Courtesy Northwest Energy Efficiency Council
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Section 5
Control Terminology

Setpoint, offset, and control point
Throttling range

Span and range

Authority

Calibration

Analog and digital

Thermostat as sensor-controller

————————————
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Setpoint

Setpoint is the desired condition of a variable that is to be
maintained, such as temperature. In the example below,
75 degrees F. is the room temperature setpoint that the
building occupant desires.

N

Courtesy TAC Controls/Schneider Electric

PNWD-SA-8834
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Control Point and Offset

* The Control point is the actual temperature being sensed.
The control point (temperature) may not be on the setpoint,
but instead may be above or below it. Simply stated,
setpoint is what you want, while control point is what you
get. Offset is the amount of difference between control
point and setpoint in a proportional control system. In the
example below, the offset is approximately 4°F.

Control Point
TE°F posnnnnspmgennnnnnpissnnssnnesnnesnnnnnnennnnunnnn Valve Open

74°F Setpoint == == == == = A ™ — — =— - == Valve Mid-Stroke

T2°F ponwnnnnsnnnnnnnnnnnnnnnnnnnnnnnshasfssssnnnnnnnn Valve Closed

TIME > Courtesy TAC Controls/Schneider Electric

————————————
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Throttling Range

« System throttling range (STR) is the change Iin the
measured variable (i.e., temperature) that causes
the controlled device to travel from one end of its
stroke to the other.

Sensed Temperature Controller Output Signal Actuator/Valve Position
TE8°F punnnnn T IIIIIIIIIIII 10 Vde .U.utn.ut lllllllllllllllllll Valve Closed
STR=8

Setpoint ———tnn \| alve Mid-Stroke

?ﬂ IIIIIIIIIIIIIIIIII u vdc Dutuut IIIIIIIIIIIIIIIIIII Ualve .One."

Courtesy TAC Controls/Schneider Electric
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Section 6
The Control Cycle and Control Action

*Two position g@é Control
*Floating action i —/L
*Proportional action 2.
P!
PlID —= H—— _

PNWD-SA-8834
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Control Cycle Graph
Period - Setpolnt
«
T Process Variable
E
M
P Decay
E
R -
A Overghoot
T Oftset
- !
Ry ... ...F... . ‘L .............................................. ——
E T — |
F——,
Steady Osciliat
State
> Tp |Dead Time
i » TR Response Time TIME
% Tg Settiing Time
TO DEFIN'T'ONS Courtesy Northwest Energy Efficiency Council
PNWD-SA-8834
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Two Position Control

Operaung Differenual ——

Controlled Device Off Control Differential ;

o=

3—1 A

: ‘ -------------------- ? ........ ‘\; -------------- |

E Set- e . j{ _________ (oo l,:‘llf __________ \ ....... i.

g . Point{ / \ / " / '

e \

E ,1"”’ i\“. ------ IFi:l' ------- ";:’;:!:\""'- ---!--—'

- 1 .

’ f \:’//,/ ......... . X
- Overshoot —

Controlled Device On'’

Tume -

Two Position control action chart (heating action shown)

Courtesy Northwest Energy Efficiency Council
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Two Position Control Response

Heating = Off

i T2

Differential

70 —4—=——Heating = On

Setpoint may be
defined as 70°F
with a 2°F
differantial

Space
Temperature

PNWD-SA-8834
A N A N 1-56
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Floating Action Control

Zone Al— \
Temp. |7 777 l o \v/ """ \_\ """" )
[QF} : e ‘
Set Point — Flout

Set Point = 1.5" Deadband= 0.2

Close Digital Cutput 1
Rotate Actuator Closed
Deadband
» Mo Motion
Close Digital Output 2
Rotate Actuator Open
1.0 14 15 16 20" water gage
Courtesy Northwest Energy Efficiency Council
PNWD-SA-8834 — 1-57
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Proportional Control Action

Space T T s s e e ¢

Temp. | TTTY i
(UF} : L . - .
s . |
Ser Qffser Throttling
Point Range

Tiumne ——

Proportional Control Action

Courtesy Northwest Energy Efficiency Council

PNWD-SA-8834
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Proportional with
Integral Control (Pl)

Contro!
Point
| /
>
Space ‘ /\/\\./—— T
Temp. | yd [ N
(°F) N A Y
Set Throuling
Point Range

Proportional Plus Integral (P1) Control Action

Courtesy Northwest Energy Efficiency Council
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PID-Proportional
Plus Integral & Derivative

Conro!
Point
Space ‘ .
Temp. :
(°F) | \
Throttling
Range

Time ——&

Proportional Plus Integral Plus Derivative (PID) control action

Courtesy Northwest Energy Efficiency Council

PNWD-SA-8834
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Adaptive Control

Adaptive loop tuning provides:

*Accurate, continuous loop control

*Faster tuning of loops for energy savings

|_ess wear on valves, actuators, fans, pumps, dampers,

VFDs, eftc. oD Baced
Control in an Adaptive
Oscillating Control
Condition

PNWD-SA-8834
A N 1-61
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Review of Control Cycles et

Exercise; study the drawings and identify
the control loop types as either:
2-position, proportional, or Pl Control

e}
o) O F F O FF
z | NN N
: :
o il
= g
< =
= A U AN W Z.
P o N—/
m
T | M E - 8 /CONTROL POINT
z
pur]
3 /\ L\
— ~—""
= / 4 \
o
< SETPOINT
>
=
>
Space A m
Temp. ' .
{OF} '
/ ' i T I M E
Set Offser Throttling
Point Range

Courtesy Northwest Energy Efficiency Council
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Review of Control Cycles

Exercise; identify and circle the closed
loop vs. the open loop controls.

/—- INTERLOCKED WITH FAN
-1

gt 1 /-2-POSITION, NORMALLY OPEN

o-

F————--

o
>

wn

—f

m

>

<

____________ g /— AVERAGING BULB

ouTpOOR st k ' s ]
=N SO~

o
T STAT \—PREHEAT COIL WITH FACE &

BYPASS DAMPERS
NORMALLY CLOSED

‘PREHEAT FACE AND BYPASS DAMPERS

Courtesy Northwest Energy Efficiency Council
------------
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Review of Control Cycles
Exercise; review the drawing and
identify setpoint, control point, TR,
and offset.

Point

76°F peoesspuupmgunssnsspfsannnsnnnnnnsnnnnnnsnnnnnnnns Valve Open

point l- = w= Valve Mid-Stroke

T72°F pessssssssssnnssnnnsnnnnnnnnnnnnbnsfosnsnnnnnnns Valve Closed

TIME >

Courtesy TAC Controls/Schneider Electric

PNWD-SA-8834
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Exercise; identify the missing terms

Parlod
:-i

T

E

M

P

E

R

A

T

: 1

E -T— \

i
» Tp |Dead Tims |
q » TR Ressponss Tims TIME
- ™ Ti Satiling Time
To DEFINITIONS
Courtesy Northwest Energy Efficiency Council
------------
A\
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Section 7 SR

Control Energy Sources

A power supply or source of energy is needed to
power the control system. Control systems use
either a pneumatic or electric power supply.

* Pneumatic controls use a compressed gas as a
source of energy, typically compressed air.

 Electric and electronic controls could be
powered by a variety of electrical power supplies

of either alternating current (AC) or direct current
(DC).

« DDC-Direct digital controls are considered
electronically powered via a network of controls.

————————————
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Comparing Advantages e

And Disadvantages
of pneumatics and DDC controls

*Pneumatic control systems

* Low maintenance, ease of testing
*Hard to integrate into DDC systems
* Requires air compressor station

*DDC — Direct digital control

* High accuracy
*Flexible, easy to access
* Programmable

*Energy management considerations
« Easy to optimize, reduce kW peaks, schedule

PNWD-SA -8834
A\ "~ . | - G 7
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Basic Pneumatic Control System
The Air Station Components

SERVICE BYP
VALVE
— P

FRESSURE

AR mq—* vty
I HGHPRESSURE VALVE
- GAGE MAIN AN
WA AIR TC OTHER PARTS

SUBWEROM
FILTER

DRAN
COCK

+FIPEJ TODRAN

Courtesy Honeywell Controls

PNWD-SA-8834
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Basic Pneumatic Control System




Batielie

The Brutiness of Innovation

Conventional Pneumatic
Control Systems

Requirements:
m Clean and dry air supply
m Pressure reducing valve
m Utilizes pneumatic controllers

m Pneumatic devices

PNWD-SA-8834
A\ ~ . | - 7 O



Baltelle
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Pneumatic Controls Include:

 Thermostats that can be either:
« Room type
 Dead band types

« Dual pressure type
 Humidistats
» Receiver controllers
« Combine 2 sensors into 1 receiver with reset
setpoint options
« Utilizes either one pipe or two pipes
* Sensors

PNWD-SA-8834
A\ "~ . | - 7 1



- P e
P

neumatic Control of Heating
Coil Control with Reset

DISCRIMINATOR INPUT FROM
CONTROL \ /EACH ZONE
_f

——————— ~
——————— =

|

1

:
| P -
GF .
I
| HWR — !
HIGHEST SIGNAL : :
I |
o }

v
HWS i !
NO )
_—’_....... l
TS |
o —_—
/ lu
HOT DECK ‘
Courtesy Northwest Energy Efficiency Council
PNWD-SA-8834 1-72
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m Air motion

] S Ig n al re peatl n g EP-Electric to Pressuretch

m Minimum position

N E PS a n d P ES PE-Pressure t Electric Switch

PNWD-SA-8834
1-73
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Basic Pneumatic Control System

PNWD-SA-8834



Example of Pneumatic Controls

FROM FAM STARTER

EP
SWITCH BA
HD -
RADAMPER
NO HEATING COIL
CHOLING COAL
CASENSOR -
HIGH Oa A
PASS y
SET AT 5 PSI RELAY
o-15 Pl
—
| |
MIMIMLIBA B
POSITION T3'F B558°F
RELAY
[ L[
4=8 P35I #-13 PS5l DA
T5°F

@ —Mdain a@ir suppéy

@ Minimum position ralay

% —ER-Elactnic Preumatc Swilch
—Controdars

Courtesy LAMA Books

PNWD-SA-8834
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The Brutiness of Innovation

Basic Electric Control

HIGH LIMIT
ROOM CONTROLLER

CONTROLLER RH RISE
135 1

TRANSFORMER
w|r]|B
SPRING
RETURN T LN
ACTUATOR T2 VOLTAGE
CHILLED
TO
WATER CoIL
NORMALLY
CLOSED VALVE 2528

Courtesy Honeywell Controls

PNWD-SA-8834
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Example of Electric Controls

for Economizers

== A8 :

| | pamper
EXHAUST RETURN AIR
AlR FROM ROCM
| HTOS
| B ENTHALPY
| = CONTROL
| -
| DAMPER
[ LINKAGE
, ;
' louTsioe 1

SUPPLY
’AIF‘.T{J
BUILDING

PROPORTICNAL

MINIMUM POSITION

gﬁ#gﬁé:ﬁgﬁ ECONOMEER TWO-POSITION

DAMPERS HIGH LIMIT. CLOSES OUTSIDE
AlR DAMPERS TO MIMIKUM WHEN

QUTSIDE AIR TEMPERATURE
ISHIGHER THAN TO'F (21 C)

PNWD-SA-8834
A\ \ N\

PROPORTIONAL MIXED
AIR CONTROLLER.
SETPOINT 55°F (13 C)

M23218
Courtesy Honeywell Controls
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Simple Electronic Control

System

ELECTRONIC FINAL CONTROL
INPUTS CONTROLLER DEVICE
/\ /\ /\
/ N/ N/ N\

MAIN SENSOR
(HOT WATER SUPPLY)

Ei] CONTROLLER

OUTDOOR AIR
SENSOR | RETURN HOT WATER

FROM
=1 | .5, S To
REMOTE BOILER
SETPOINT

ADJUSTMENT

(_‘(".}

C3096

Courtesy Honeywell Controls

PNWD-SA-8834
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Example of Electronic Control for
Basic AHU Economizer Control

RETURN

AlR [, i
68°F (20 C)

1
' \
'J
’
| : FLTERS
OUTSIDE ‘ar' .
AR
21F (8 C) = ’ » SUPPLY
(I © AR
I - SUFFLYGR
Eld MIXED AIR
SENSCIR
‘ CONTROLLER I D?; oo
188 A1
P ol Y H
COMMERCIAL - gpgo
THERMOSTAT [ | | 0 Dg 00
| | 010g| |00
| | L E—
]
i B

— WEAE1S

Courtesy Honeywell Controls

PNWD-SA-8834
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Example of Electronic Control for
Economizers with Differential Enthalpy

and CO, Demand Ventilation Control

DIFFERENTIAL ENTHALPY WITH DCV

| DAMPER
© | reTurn ‘
EXHAUST - RETURM AIR
Ext 4 AR SENSOR FROM ROOM
|
| T
| [
T -+
OUTSIDE o N
AR SENSOR “- ; SUPPLY
‘ ‘ ARTO
BUILDING

, |
MIXED OR
| suPPLY alr COLS  FAN
| SENSOR
| ) O O] W7212 ECONOMIZER
| ~lpne 0 0| ConNTROLLER
| oo® o 0| WITH DEMAND
I p o O 0ol CONTROL
=D pc VENTILATION
o]
o LEIBE
= [
——" | o763z ROOM
CARBON DIOXIDE
SENSOR
TB&Z20 Courtesy Honeywell Controls
COMMERCIAL
M23905

PRO =

1-80
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Section 8-DDC Point Types
Input and Output Point Types Chart

Input

Output

Two state information from the building

into the DDC field panel

Two state information from DDC field
panel to the building

Digital
Switches: On/Off - fans, pumps, lights
Differential press/proof Open/Close, two position damper
Smoke alarms Control of two-speed motors
Level alarm Energize/de-energize valves for
heat/cool changeovers
High/low pressure alarm
Filter status
Variable information from the building | Variable information from the DDC
Analog into the DDC control panel control panel out to the building

Temperature-Room, duct, OSA

Humidities-Room, duct, OSA

Pressure-Static, velocity, total

Flow rates-Water and air systems

kWh power, volts, and amps

Modulate valves, dampers, actuators

Motor speed control — VSDs

Modulate volume dampers

Adjust air pressure to pressure operated
devices

"~ . | - G 1




DDC Control System
Digital Input (DIl) lllustration

Externally Powerad 4
Discrete Circuit

Internally Powered —-—
Discrete Circut  ——

INPUT

e To the A/D

| . Converter

COM
INPUT

» 0 the AD

Converter

COM ny.

KEY

Figure 1: Digital Inpuits

DCV-PS = Direct Current Voltage - Power Supply

COM = Commaon

L1 =Line 1

L? =Line 2

+% = Positive Voltage

"~ . | - C 2

Courtesy DDC Online Org.
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D

DC Control System
Digital Input (DIl) lllustration
Flow Switch

ON/OFF SIGNAL
TO CONTROLLER

£

/—' SENSOR

PADDLE (PERPENDICULAR TO FLOW) —/

C2085
Courtesy Honeywell Controls

PNWD-SA-8834
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The Brutiness of Innovation

DDC Control System
Digital Input (Dl) Pulsed Slgnal

lllustration |
Flow Switch j)j
g Sensing electrode
[ } Turbine
| Flow straightener
rhig
—

PNWD-SA-8834
A\ "~ . | - 54
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D

DC Control System
Digital Output (DO) lllustration

T T T T T T T T T T T e The Controller i'____,-—T“E‘_:““tm"E" rﬁ'

: l NO ! | il

| 24 VAC — b 24 VAC | T L I I NO .
I I

| Control —— NO 3 C

| Signal I |

| I I ey

o ]

| | -

l I [ L1—I

- i I

------------- = Bu@
L Bﬂ@ S -

L3—I

Triac Type Digital Output with External Relay Transistor with Pilot Relay

KEY KEY

C = Common Contact C = Common Contact

DO = Digital Output DO = Digital Output

VAC = Voltage Alternating Current DCV = Direct Current Voltage
NO = Normally Open NO = Normally Open

NC = Normally Closed NC = Normally Closed

PS = Power Supply PS = Power Supply

M = Motor Starter M = Motor Starter

L1 =Line 1 L1 =Line 1

L2 = Line 2 L2 = Line 2

L3 =Line 3 L3 =Line 3 Courtesy DDC Online Org.
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DDC Control System
Analog Input (Al) lllustration

Rz L Input
_—— - T*uf input
50to 150F R
0to 10 VDC A/D . [counts|

- ]

. Com

L1 L2 // The A/D converter is a high

impedance element. it is
o ©ssentially an open circuit

Inip ut
i= 0
R1=0.5R7 Oto 33300DC Controlier

FEvtarmalu Pauarad Uall asAa lamd il with Vallasa Qealiaa |leina Raeletare

10Kohm
Thermister L Input
- Y/ Input
10Kahm
Fixed AID | | reimel
- |
Y Cam
The AJD convertar is a high
L1 Lz impedance element. it is
essentially an open circuit
ALTTE, Virpur=({0.50+\) L

Controller
Courtesy DDC Online Org.
Resistance Input, Thermister

PNWD-SA-8834
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D

DC Control System
Analog Input (Al) HHlustration
For Measuring Air Flow in FPM

m ‘L—-. Input

-4 T Vinput
0-100F
4-20ma AID (o
|

i Com
The A/D convertar is a high
L1 L2

impedance element itis
essantially an open circuit

Contraller

Externally Powered Analog Current Input

Courtesy Dwyer Instruments.

PNWD-SA-8834
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DDC Control System
Analog Output (AO) lllustration
For controlling a pneumatic valve

Malp i:/.E:ranc:h

.;'_:
~
-::
(I
—

-ADZ

Transducer il [ﬁ

q
OIS Sl

Courtesy TAC Controls/Schneider Electric
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Analog Output (AO) Damper Actuators
are controlled by either a voltage (2-10 Vdc) or
current (4-20 mA) signal from the controller

A 24 VAC Transformer

Line = |-Q-1 Common ﬁ
Volts |12 + Hot
A2 o ||
4to20mA () >
Control Signal (+) [y &-|+H3 Y;Input, 21010V
&
Zzto1wvbc ()
Feedback Signal (*) |=3 U Outputzto1ov
AF24-LINUS  /2\

Courtesy Belimo
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Example of DDC AHU Control
Application with Point Types Identified

DAMPER 5ol (o1
/ (TYPICAL) -:—l-

EXHAUST ”
AIR 4 RETURN
‘"‘; AIR

il ol [Bi] [af]

|
SUPPLY
AlR

I;I COIL  COIL
)

> |

OUTS5IDE SUPPLY
Sk FAN ROOM
TEMP
e Courtesy Honeywell Controls.

PNWD-SA-8834
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Exercise

Review of DDC Terminology

Study the drawing below and identify the numbered points as either: Al, DI, AO, or DO

1. : =

tostart/ stop fans  Fan ¥ Fan #2 Jk

|//Q ./||||\. g\l 4- T
Y, c—H— N Yalve
Z NI
7 Cooling Tower A Diverting
T J 3 Valve
2- 165 il
Flow Switch 1F S R
Condenser
Flow SWl’Cth—
3. Condenser Temp == T
Cond. Temp. J,
To Chiller From Chiller

Courtesy TAC Controls/Schneider Electric

PNWD-SA-8834
A N S N 1-91




Baltelle
- The Brusiness of Innovation
Exercise

Review of DDC Terminology
|[dentify the numbered points in the following diagram as either: Al, DI, AQ, or DO

8.
Return Air
L 000 slart fan 9.
NNy modulates
inlet vanes
Outside Air AHU
©. %
o, mixed air
modulates temp. 7.
dampers static pressure

Courtesy TAC Controls/Schneider Electric

PNWD-SA-8834
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