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Class Material Location

The slides and other supporting information for the class can be found
at:

 http://www.av8rdas.com/pacific-enerqy-center-classes.html

* They will be there until the next class, at which time they will be
relocated to the PEC Class materials link from my blog

About using my spreadsheets and other resources:
They are my tools vs. tools | developed to be used by others

Use at your own risk; | provide them as a resource for you to use as
a starting point

You still need to understand how it works and fix it if it doesn’t work
for you
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Disclaimer

The information in this document is believed to accurately describe the
technologies described herein and are meant to clarify and illustrate typical
situations, which must be appropriately adapted to individual circumstances.
These materials were prepared to be used in conjunction with a free, educational
program and are not intended to provide legal advice or establish legal standards
of reasonable behavior. Neither Pacific Gas and Electric Company (PG&E) nor any

of its employees and agents:

(1) Makes any written or oral warranty, expressed or implied, including, but not

limited to, those concerning merchantability or fithess for a particular purpose;

(2) Assumes any legal liability or responsibility for the accuracy or completeness
of any information, apparatus, product, process, method, or policy contained

herein; or

(3) Represents that its use would not infringe any privately owned rights,

including, but not limited to, patents, trademarks, or copyrights.
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Copyright Materials

Some or all of this presentation may be protected by US and
International Copyright laws. Reproduction, distribution,
display and use of the presentation without written permission

of the copyright holder is prohibited.
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Learning Objectives

After completing this course you should be able to:

1.

Recognize the crucial role control systems play in
managing the use of energy in our facilities

. Understand the challenges associated with the control

system design process and how they can be met
successfully

. Be familiar with the basic building blocks of a control

system

. Understand the crucial role commissioning plays in

bringing a control system on line

. Have a hands-on sense of some of the topics via the

afternoon lab sessions
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Agenda

Introduction and Overview
Inputs

Outputs

Control Processes

Control Process Logic

Set Points

Commissioning

Lab Rotations

1. Packaged Economizer
2. Pneumatic VAV Terminals
3. 4-20 ma Current Loops
4. Kinematics

5. Actuator Sequencing
Wrap-up
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The Fundamental Goal of the Control
System

Automatically adjust a piece of machinery to give us what
we want by comparing what is going on to what we want to
go on and making appropriate adjustments to the process
we want to control
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The Goal of the Control
System

Automatically adjust a piece of machinery to give us what
we want by comparing what is going on to what we want to
go on and making appropriate adjustments to the process
we want to control
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The “Three R’S”

Repeatable * To make, do, or perform (an action)
again (and again, and again, and
again ....)

Reliable Giving the same result on successive
trials

Robust Sturdy; capable of performing without
failure under a wide range of
conditions
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Fig. 1. Loock Control-board for Miraflores Locks of Panama Canal— The Water Levels in Different Ch.n;beu and Positions of

Gates, Valves and Fender Chains are shown by the Indicators seem on Control-boar




A 1914 Central
Control System

2.25 miles of interlocking rod

1,100 miles of control wire in
the form of 5 to 8 conductor
cables

/32 position indicators and
transmitters

464 control switches
382 indicating lamps

Accurate to 5/8 inch over a 50
foot span

Image courtesy http://ak5.picdn.net/shutterstock/videos/3832016/preview/stock-footage-panama-canal-lock-control-room-close-up-
moving-gauge.jpg
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The Other End of
the Spectrum

Image courtesy
http://image.dieselpowermag.com/finews/9104552+w799+h499+crl+ar0/0705dp_04 z%?2Bnasa_diesel_shuttle crawler%2Bshuttle.jpg

prss
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The Other End of
the Spectrum

Main Engine and Controller

« About 50,000 parts

« Rated for multiple flights

« 135 flights with no failures

Images courtesy

http://image.dieselpowermag. com/f/news/9104552+W799+h499+cr1+ar0/0705dp 04 _z%2Bnasa_diesel_shuttle_crawler%2Bshuttle.jpg
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Us

Seems like:

 We should be able to maintain
a 57°F discharge temperature
by sequencing preheat with
the economizer and the chilled
water coil

We should be able to start
around 6:00 am and shut down
around 7:00 pm
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Temperature, °F

To the Casual Observer, We're Doing

O.K.

100 -

80 1

60 1

40 1

20 1

RTU2 Temperatures - 1 Minute Sample Rate - December 7, 2001

» Control point stable at
set point; Everything’s

‘ just fine!

— Zone Average
Temperature

12 AM

2 AM

4 AM 6 AM
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But Maybe Not if You Take a Closer Look

RTU2 Temperatures - 1 Minute Sample Rate - December 7, 2001

100 - —
Control point stable at

——Zone Average

set point; Everything’s Temperature
just fine!
Discharge
Airtemp
L
)
5 —— Mixed Air Temp
a
E, « Mixed air temperature
becomes unstable — Outside Airtemp
20 - « Outdoor air temperature
' becomes unstable? Heating Valve
] Position
0 +———————————————————— ¢ Chiller plant starts are
12 AM 2 AM 4 AM 6 AM triggered!
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Getting Things Right

 Develop a detailed, well
thought-out, well documented
design

 Required
Point list
System diagram
Narrative sequence
Detailed specifications

Desirable

Logic diagrams
Network diagram
Floor plans
Standard details

Monitor the installation closely
to ensure it reflects the design
intent

Thoroughly commission the
installation to ensure the
design intent is met

Train the operating team so
they understand how to make
the design intent persist and
adapt it to changes in the
facility
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Profess no
knowledge of
DDC

Develop
statement of
resintentand o
performance
vspecr

Bid project and
select low
bidder

Receive control
shop drawings

Profess no
knowledge of
DDC

)

Start new
project

A

Avoid getting
out in the field

3

A Design Process Gone
Insane

v

Verify
statement of
intent pasted
into the shop

drawings

v

Note that all
loops should
be PID

v

Approve tests
that will
guarantee
efficient
performance

Note that all
systems shall
be Cxed for
efficient
operation

Profess no
knowledge of
DDC

Receive draft
Cx functional
tests

Approve
drawings
reflecting intent
& latest
technology

INTRODUCTION AND OVERVIEW




Solving the Problem: Own the Control
Design Process

Not as Hard as You Might Think

* You Don’t need to have:
Intimate knowledge of computers
Intimate knowledge of networks

Intimate knowledge of sensing and actuating
technologies

Intimate knowledge off differential calculus
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Solving the Problem: Own the Control
Design Process

Not as Hard as You Might Think
* You need to:

Understand your mechanical design and the related
design targets

Apply sound physical principles in the development of
your design

Communicate clearly
Think logically
Address the load profile

Recognize that all control systems created
equal out of the box

Enforce your requirements
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DDC System Point List

Point

Number

Analog Inputs
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Analog Outputs
Match UCB Standard
Match UCB Standard
Match UCB Standard
Digital Inputs

Match UCB Standard
Match UCB Standard

Digital Outputs
Match UCB Standard

Virtual Points

Match UCB Standard
Match UCB Standard
Match UCB Standard

They're Not Al
But You Can Get Them Pretty Close

Point lists can drive controller capabilities and 1/0O
requirements and quality

System and Service

Space Temperature

Reheat Coil Discharge Temperature

Space Set Point Adjustment

Electric Meter Instantaneous kW - 480 volt system
Thermal Meter Instantaneous Btu/hr

Electric Meter Instantaneous kW - 208 volt system
3rd Floor Supply Static Pressure

4th Floor Supply Static Pressure

Reheat Valve Command
Zone Supply Damper Command
Zone Return Damper Command

Over-ride Request
Zone Occupancy Sensor

Occuppancy Status

kWh - 480 volt system
Therms
kWh - 208 volt system

Sensor

Features

Type

RSPlus
ALC Standard
RSPlus
Note 7, 9, 10
Note 7, 9, 10
Note 7, 9, 10
ALC Standard
ALC Standard

ALC Standard
ALC Standard
ALC Standard

RSPlus
ALC Standard

RSPlus

Note 7, 8,9
Note 7, 8
Note 7, 8,9

Accuracy

ALC Standard
ALC Standard
ALC Standard
Note 7, 9, 10
Note 7, 9, 10
Note 7, 9, 10
ALC Standard
ALC Standard

ALC Standard
ALC Standard
ALC Standard

ALC Standard
ALC Standard

ALC Standard

Note 7, 8,9
Note 7,8
Note 7, 8,9

| Equal

Alarms
Warnlng ommissioni

Coordinate at submittal review 5 min.
Coordinate at submittal review 1 min.
Coordinate at submittal review Ccov
Coordinate at submittal review 1 min.
Coordinate at submittal review 1 min.
Coordinate at submittal review 1 min.
Coordinate at submittal review 1 min.
Coordinate at submittal review 1 min.

XXX XX XXX

Coordinate at submittal review 1 min.
Coordinate at submittal review 1 min.
Coordinate at submittal review 1 min.

Coordinate at submittal review Ccov

Coordinate at submittal review COF

Coordinate at submittal review

Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review
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Trending
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XXX XX XXX

XXX XX XXX

XXX XX XXX

Note 6, 9, 11
Note 6

Note 6, 9, 11
Note 7, 9, 10
Note 7, 9, 10
Note 7, 9, 10
Note 15
Note 16

Note 6

Note 12, 13
Note 12, 13
Note 6, 9, 11
Note 13

Note 6,9, 11




DDC System Point L ist

Analog Inputs
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Analog Outputs
Match UCB Standard
Match UCB Standard
Match UCB Standard
Digital Inputs

Match UCB Standard
Match UCB Standard

Digital Outputs
Match UCB Standard

Virtual Points

Match UCB Standard
Match UCB Standard
Match UCB Standard

System and Service

Space Temperature

Reheat Coil Discharge Temperature

Space Set Point Adjustment

Electric Meter Instantaneous kW - 480 volt system
Thermal Meter Instantaneous Btu/hr

Electric Meter Instantaneous kW - 208 volt system
3rd Floor Supply Static Pressure

41h Floo o]0} atic Pre re

Reheat Valve Command
Zone Supply Damper Command
Zone Return Damper Command

Over-ride Request
Zone Occupancy Sensor

Occuppancy Status

kWh - 480 volt system
Therms
kWh - 208 volt system

Sensor

RSPlus

0
Note 7, 9, 10
Note 7, 9, 10

ALC Standard

ALC Standard

ALC Standard
ALC Standard
ALC Standard

RSPlus
ALC Standard

RSPlus

Note 7, 8,9
Note 7, 8
Note 7, 8,9

They're Not Al
But You Can Get Them Pretty Close

Point lists can drive controller capabilities and
I/O requirements and quality

Function

Accuracy

ALC Standard
ALC Standard
ALC Standard

ALC Standard
ALC Standard
ALC Standard

ALC Standard
ALC Standard

ALC Standard

Note 7, 8,9
Note 7,8
Note 7, 8,9

Alarms
Limit Warning

I TS T T

Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review

Owgdinate at submittal review

Coordinate at submittal review

Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review
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Samples1

Features
Trending

Commissioning® Operating®
| Ting® | Loca? | Arctne® | Tine? | LocaP | Aveiivet |

5 min.
5 min.
Cov
1 min.
1 min.
1 min.
1min.
1 min.

5 min.
1 min.
Ccov
1 min.
1 min.
1 min.
1 min.
1 min.

XXX XX XXX
XXX XX XXX
XXX XX XXX
XXX XX XXX

1 min. 5 min.
1 min. 5 min.
1 min. 5 min.

Ccov Ccov
COF cov

System and Service

Space Temperature

Reheat Coil Discharge Temperature

Space Set Point Adjustment

Electric Meter Instantaneous kW - 480 volt system
Thermal Meter Instantaneous Btu/hr

Electric Meter Instantaneous kW - 208 volt system
3rd Floor Supply Static Pressure

4th Floor Supply Static Pressure

Note 6, 9, 11
Note 6
Note 6, 9, 11

Note 7, 9, 10
Note 15
Note 16

Note 6
Note 12, 13
Note 12, 13

Note 6, 9, 11
Note 13

Note 6,9, 11

Note 7, 8,9
Note 7, 8
Note 7, 8,9




DDC System Point List

Point

Number

Analog Inputs
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Analog Outputs
Match UCB Standard
Match UCB Standard
Match UCB Standard
Digital Inputs

Match UCB Standard
Match UCB Standard

Digital Outputs
Match UCB Standard

Virtual Points

Match UCB Standard
Match UCB Standard
Match UCB Standard

System and Service

Space Temperature

Reheat Coil Discharge Temperature

Space Set Point Adjustment

Electric Meter Instantaneous kW - 480 volt system
Thermal Meter Instantaneous Btu/hr

Electric Meter Instantaneous kW - 208 volt system
3rd Floor Supply Static Pressure

4th Floor Supply Static Pressure

Reheat Valve Command
Zone Supply Damper Command
Zone Return Damper Command

Over-ride Request
Zone Occupancy Sensor

Occuppancy Status

kWh - 480 volt system
Therms
kWh - 208 volt system

Sensor

Features

Type

RSPlus
ALC Standard
RSPlus
Note 7, 9, 10
Note 7, 9, 10
Note 7, 9, 10
ALC Standard

ALC Standard
ALC Standard
ALC Standard

RSPlus
ALC Standard

RSPlus

Note 7, 8,9
Note 7, 8
Note 7, 8,9

They're Not Al
But You Can Get Them Pretty Close

Point lists can drive controller capabilities and
I/O requirements and quality

Function

= Technology

Accuracy

ALC Standard

ALC Standard
ALC Standard

ALC Standard
ALC Standard
ALC Standard

ALC Standard
ALC Standard

ALC Standard

Note 7, 8,9
Note 7,8
Note 7, 8,9

Alarms

Warning Samples’ ommissioni
---- il e’ [ Local | “m

Coordinate at submittal review 5 min.
Coordinate at submittal review 1 min.
Coordinate at submittal review Ccov
Coordinate at submittal review 1 min.
Coordinate at submittal review 1 min.
Coordinate at submittal review 1 min.
Coordinate at submittal review 1 min.

oordinate at submittal review 1 min.

XXX XX XXX

gate at submittal review 1 min.
CoordindNg at submittal review 1 min.
Coordinate 3ggubmittal review 1 min.

Coordinate at sub i Ccov

Coordinate at submittd i COF

Coordinate at submittal review

Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review

Trending

XXX XX XXX

RSPIlus
ALC Standard
RSPlus
Note 7, 9, 10
Note 7, 9, 10
Note 7, 9, 10
ALC Standard
ALC Standard
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XXX XX XXX

XXX XX XXX

Note 6, 9, 11
Note 6

Note 6, 9, 11
Note 7, 9, 10
Note 7, 9, 10
Note 7, 9, 10
Note 15
Note 16

Note 6

Note 12, 13
Note 12, 13
Note 6, 9, 11
Note 13

Note 6,9, 11




DDC System Point List

Point

Number

Analog Inputs
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Analog Outputs
Match UCB Standard
Match UCB Standard
Match UCB Standard
Digital Inputs

Match UCB Standard
Match UCB Standard

Digital Outputs
Match UCB Standard

Virtual Points

Match UCB Standard
Match UCB Standard
Match UCB Standard

They're Not Al
But You Can Get Them Pretty Close

Point lists can drive controller capabilities and
I/O requirements and quality

System and Service

Space Temperature

Reheat Coil Discharge Temperature

Space Set Point Adjustment

Electric Meter Instantaneous kW - 480 volt system
Thermal Meter Instantaneous Btu/hr

Electric Meter Instantaneous kW - 208 volt system
3rd Floor Supply Static Pressure

4th Floor Supply Static Pressure

Reheat Valve Command
Zone Supply Damper Command
Zone Return Damper Command

Over-ride Request
Zone Occupancy Sensor

Occuppancy Status

kWh - 480 volt system
Therms
kWh - 208 volt system

Function

= Technology
= Accuracy

Sensor

Type

RSPlus
ALC Standard
RSPlus
Note 7, 9, 10
Note 7, 9, 10
Note 7, 9, 10
ALC Standard
ALC Standard

ALC Standard
ALC Standard
ALC Standard

RSPlus
ALC Standard

RSPlus

Note 7, 8,9
Note 7, 8
Note 7, 8,9

Accuracy

ALC Standard
ALC Standard
ALC Standard
Note 7, 9, 10
Note 7, 9, 10
Note 7, 9, 10
ALC Standard
ALC Standard

ALC Standard
ALC Standard
ALC Standard

ALC Standard
ALC Standard

ALC Standard

Note 7, 8,9
Note 7,8
Note 7, 8,9

| Equal

Alarms
Limit Warning

Coordinate at submittal review
Coordinate at submittal review
ordinate at submittal review

Coordinate at submittal revie!
Coordinate at submittal review

Coordinate at submittal review

Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review
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Features

5 min.
1 min.
Ccov
1 min.
1 min.
1 min.
1 min.
1 min.

XXX XX XXX

1 min.
1 min.
1 min.

Ccov
COF

Trending

ommissioni
Samples 3
| 7ime? | Loca’ |

XXX XX XXX

Accuracy

ALC Standard
ALC Standard
ALC Standard
Note 7, 9, 10
Note 7, 9, 10
Note 7, 9, 10
ALC Standard
ALC Standard

XXX XX XXX

XXX XX XXX

Note 6, 9, 11
Note 6

Note 6, 9, 11
Note 7, 9, 10
Note 7, 9, 10
Note 7, 9, 10
Note 15
Note 16

Note 6

Note 12, 13
Note 12, 13
Note 6, 9, 11
Note 13

Note 6,9, 11




DDC System Point List

Analog Inputs
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Analog Outputs
Match UCB Standard
Match UCB Standard
Match UCB Standard
Digital Inputs

Match UCB Standard
Match UCB Standard

Digital Outputs
Match UCB Standard

Virtual Points

Match UCB Standard
Match UCB Standard
Match UCB Standard

They're Not Al
But You Can Get Them Pretty Close

Point lists can drive controller capabilities and
I/O requirements and quality

System and Service

Space Temperature

Reheat Coil Discharge Temperature

Space Set Point Adjustment

Electric Meter Instantaneous kW - 480 volt system
Thermal Meter Instantaneous Btu/hr

Electric Meter Instantaneous kW - 208 volt system
3rd Floor Supply Static Pressure

4th Floor Supply Static Pressure

Reheat Valve Command
Zone Supply Damper Command
Zone Return Damper Command

Over-ride Request
Zone Occupancy Sensor

Occuppancy Status

kWh - 480 volt system
Therms
kWh - 208 volt system

Function
Technology
Accuracy

Alarm capabilities

Sensor

Type

RSPlus
ALC Standard
RSPlus
Note 7, 9, 10
Note 7, 9, 10
Note 7, 9, 10
ALC Standard
ALC Standard

ALC Standard
ALC Standard
ALC Standard

RSPlus
ALC Standard

RSPlus

Note 7, 8,9
Note 7, 8
Note 7, 8,9

Accuracy

ALC Standard
ALC Standard
ALC Standard
Note 7, 9, 10
Note 7, 9, 10
Note 7, 9, 10
ALC Standard
ALC Standard

ALC Standard
ALC Standard
ALC Standard

ALC Standard
ALC Standard

ALC Standard

Note 7, 8,9
Note 7,8
Note 7, 8,9

| Equal

Alarms
Limit Warning

I TS T T

Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review

Coordinate at suDNjital review
Coordinate at submitijreview
Coordinate at submittal Tyjew

Coordinate at submittal review

Coordinate at submittal review

Coordinate at submittal review

Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review
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Features
Trending

ommissioni
amples 3
| 7ime? | Loca’ |

5 min.
1 min.
Ccov
1 min.
1 min.
1 min.
1 min.
1 min.

XXX XX XXX
XXX XX XXX

1 min.
1 min.
1 min.

Ccov
COF

Alarms
Warni ng

Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review

XXX XX XXX

XXX XX XXX

Note 6, 9, 11
Note 6

Note 6, 9, 11
Note 7, 9, 10
Note 7, 9, 10
Note 7, 9, 10
Note 15
Note 16

Note 6
Note 12, 13
Note 12, 13

Note 6, 9, 11
Note 13

Note 6,9, 11

Note 7, 8,9
Note 7, 8
Note 7, 8,9




DDC System Point List

Features

Sensor 1]

e

System and Service
Trending

Samples’ ommissioning® Operating®

Alarms
Limit Warning

| b to | Hi | Lo

Analog Inputs
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Analog Outputs
Match UCB Standard
Match UCB Standard
Match UCB Standard
Digital Inputs

Match UCB Standard
Match UCB Standard

Digital Outputs
Match UCB Standard

Virtual Points

Match UCB Standard
Match UCB Standard
Match UCB Standard

They're Not Al
But You Can Get Them Pretty Close

Point lists can drive controller capabilities and
I/O requirements and quality

Space Temperature

Reheat Coil Discharge Temperature

Space Set Point Adjustment

Electric Meter Instantaneous kW - 480 volt system
Thermal Meter Instantaneous Btu/hr

Electric Meter Instantaneous kW - 208 volt system
3rd Floor Supply Static Pressure

4th Floor Supply Static Pressure

Reheat Valve Command
Zone Supply Damper Command
Zone Return Damper Command

Over-ride Request
Zone Occupancy Sensor

Occuppancy Status

kWh - 480 volt system
Therms
kWh - 208 volt system

Function
Technology
Accuracy

Alarm capabilities

RSPlus
ALC Standard
RSPlus
Note 7, 9, 10
Note 7, 9, 10
Note 7, 9, 10
ALC Standard
ALC Standard

ALC Standard
ALC Standard
ALC Standard
RSPlus
ALC Standard

RSPlus

Note 7, 8,9
Note 7, 8
Note 7, 8,9

ALC Standard
ALC Standard
ALC Standard
Note 7, 9, 10
Note 7, 9, 10
Note 7, 9, 10
ALC Standard
ALC Standard

ALC Standard
ALC Standard
ALC Standard

ALC Standard
ALC Standard

ALC Standard

Note 7, 8,9
Note 7,8
Note 7, 8,9

| Equal

Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review

Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review

Coordinate at submittal review

Coordinate at submittal review

Coordinate at submittal review

Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review

Trending samples
Trending memory
Archiving requirements
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5 min.
1 min.

cov

1 min.
1 min.
1 min.
1 min.
1 min.

XXX XX XXX

5 min.
5 min.
Cov
1 min.
1 min.
1 min.
1min.
1 min.

XXX XX XXX

1 min.
1 min.
1 min.

Ccov
COF

Samples1

12
60
12
60
60
60
60
60

X X x

5 min.
5 min.
5 min.

Ccov
cov

Features

Time

5 min.
1 min.

cov

1 min.
1 min.
1 min.
1 min.
1 min.

Commissionin

(@]
V)
—w

XXX X X XXX

XXX XX XXX
XXX XX XXX

Trending

XXX X X XXX

Note 6, 9, 11
Note 6

Note 6, 9, 11
Note 7, 9, 10
Note 7, 9, 10
Note 7, 9, 10
Note 15
Note 16

Note 6
Note 12, 13
Note 12, 13

Note 6, 9, 11
Note 13

Note 6,9, 11

Note 7, 8,9
Note 7, 8
Note 7, 8,9




DDC System Point List

Point

Number

Analog Inputs
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Match UCB Standard
Analog Outputs
Match UCB Standard
Match UCB Standard
Match UCB Standard
Digital Inputs

Match UCB Standard
Match UCB Standard

Digital Outputs
Match UCB Standard

Virtual Points

Match UCB Standard
Match UCB Standard
Match UCB Standard

They're Not Al
But You Can Get Them Pretty Close

Point lists can drive controller capabilities and
I/O requirements and quality

System and Service

Space Temperature

Reheat Coil Discharge Temperature

Space Set Point Adjustment

Electric Meter Instantaneous kW - 480 volt system
Thermal Meter Instantaneous Btu/hr

Electric Meter Instantaneous kW - 208 volt system
3rd Floor Supply Static Pressure

4th Floor Supply Static Pressure

Reheat Valve Command
Zone Supply Damper Command
Zone Return Damper Command

Over-ride Request
Zone Occupancy Sensor

Occuppancy Status

kWh - 480 volt system
Therms
kWh - 208 volt system

Sensor

Type

RSPlus
ALC Standard
RSPlus
Note 7, 9, 10
Note 7, 9, 10
Note 7, 9, 10
ALC Standard
ALC Standard

ALC Standard
ALC Standard
ALC Standard

RSPlus
ALC Standard

RSPlus

Note 7, 8,9
Note 7, 8
Note 7, 8,9

Accuracy

ALC Standard
ALC Standard
ALC Standard
Note 7, 9, 10
Note 7, 9, 10
Note 7, 9, 10
ALC Standard
ALC Standard

ALC Standard
ALC Standard
ALC Standard

ALC Standard
ALC Standard

ALC Standard

Note 7, 8,9
Note 7,8
Note 7, 8,9

| Equal

Alarms
Warnlng

Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review

Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review

Coordinate at submittal review
Coordinate at submittal review

Coordinate at submittal review

Coordinate at submittal review
Coordinate at submittal review
Coordinate at submittal review

Features

cov

1 min.
1 min.
1 min.
1 min.
1 min.

1 min.
1 min.
1 min.

Ccov
COF

ommissioni

5 min.
1 min.

XXX XX XXX

Trending

o | et | T’

XXX XX XXX

XXX XX XXX
XXX XX XXX

Note 6, 9, 11
Note 6

Note 6, 9, 11
Note 7, 9, 10
Note 7, 9, 10
Note 7, 9, 10
Note 15

Note 6, 9, 11
Note 13

Note 6,9, 11

Trending samples
Trending memory
Archiving requirements
Installation details

Function
Technology
Accuracy

Alarm capabilities

Note 16
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System Diagrams

Address the system not just the the equipment
« Show relationships between the various components

« Show relationships between the components and the
system

« Show relationships between the components and
building

AHU-2, 826 cfm at 0.22 inw.c. on
ow speed, 1,250 efm at 0,50 inwe
on high speed, Both fans 2 hp with
Exhaurt fon stert/siop VFDs Supply fan erart/stop

aust fon proaf of aperation Supply fan proof f operation
haust fon speed command Exhaust fon Supply fon speed commend
Exhaust fan speed feedback Supply fon speed feedback Intake Hood TH-1 EF-1 Intoke Hood IH-2
Netwark card Metwork card 4,000 cfm ot 0.085 inwc 4,000 cfm af 0.085 nw.c.
Supply B.000 efm ar | inwe .
Stert/ Stop EF-2. 1150cfmatt e 500 fpm theoat velacity. 7.5 1725 rpm, 30 b 600 fpm threat velacity, 7.5
Proof of Operation Inwc.' 1,725 rpm v 2:1-\3 :’lhlclt ag.F, throat srea i daci P throat area
q P 78 ¢ £ < oust Fon ith bird screen and mah s e Tt bird sereen and m
Pt by tterized. - 3 W efmat 77 Start/Sto i sl b o) damper to be accessible Start/Ste; e
back-draf+ damper fo - ey damper accessible through the thrcugh the resf ol damper accassible thraug "
be nccessible through T R Proaf of Operation  reaf curb — Proof uf Oparation ?u racf s Eus
itters v e 7 rpm, 77 Vent \
the reaf curb - Vent P P 1 - e . ’
AHU 2
un ||| e (0, a2
Heater 2 Comirel :
Ponel o wired Infra-red Gos Heater T6H-1 Cailing Fan [Tygacal of 4] .- Infra-red Heater TH-2
Interlocks 10 MBh Input, 96 MBh Output 84" diameter at 14 feet above the finished floor frarage door end switches: one 100 MBh Irgust, 96 MBh Output
40 foat tube length 35 - 198 rpm per daor (twe front, one back) 40 foot tube kength
|} Bunker Storage || | - Gas fired 4 - 60- watts waﬂ':?t:;'rcg«:ﬁ :,:,; Gas fired
: : end od justment
= Proof of
Operation ‘
E D: Door end switch for
i Apparttas Bay doar Unit
Uit e Step Sa pparahas
Heatae] | P P _— Heater 3
Apparatus Vehick = Wehicle peratury fen #ta UH-3 5 fehic
Bay Vehicle Vehicle Hardwired ceiling fan control switches WVehi Space 1("“,_( ature M 1] tart UH-1 Space Vehicle
Parts * . Air Compressor exhoust exhaust endsble and proof points exhaust senzor for I6H-1 switches and fan exhast Temparaiurs exhaust
Washer - Maintenance Shop oo connector comnecter L ed in the sequence nd point list  SSeCtar o 2 #hatug pilet lights connector senser connector
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Think Logically

The English language can be a

bit tricky; consider:

« What'’s that on the road
ahead?

versus

« What'’s that on the road? A
head?

Detailed narrative sequences

will will surpass statements of

intent

Logic diagrams will surpass
narrative sequences
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Consider Writing it

All Down in the
Form of a Logic
Diagram

As early as 1968, standards were
developed for documenting computer
logic using flow charts (ANSI X3.5 —
1968)

In 1974, functional testing demonstrated
this was a good idea (also demonstrated
that a flow chart in reverse is a trouble
shooting diagram)

Current version — ANS| — AlIM — 4 — 1987

Microsoft Office has standard shapes built
in to the drawing tools drop down menu

INTRODUCTION AND OVERVIEW

Is Class
Boring?

Doze Off

Pay
Attention

\

Is Class
Over?

Wake Up

\

Fill

y
Out
Evaluation |




Address the Detalls;

Specifications

250800 - Integrated Automation - 253513 - Integrated Automation -
Commissioning Actuators and Operators

251116 - Integrated Automation - 253516 - Integrated Automation -
Network Hardware Sensors and Transmitters

251413 - Integrated Automation - 253519 - Integrated Automation -
Remote Control Panels Control Valves

251516 - Integrated Automation - 255500 - Integrated Automation -
Software Control of HVAC

253500 - Integrated Automation - 255500.13 - Integrated
Instrumentation and Terminal Automation - Control of HVAC-
Devices Object Naming Conventions

INTRODUCTION AND OVERVIEW




Address the Detalls;

Specifications — A Resource

e Bl C https:/'wuvw.cirlspechuilder.com/ctrispechuilderhom O ~ @& & -\ Facility Dynamics is a consulti.. | " CtriSpecBuilder

File Edit VMiew Favorites Tools Help
E3 RoboForm v {1 Logins » ¥ Bookmarks » vl (logins) | & David Sellers | ¥} Save (@ Generate (68 Sync ¢q) Home

= ‘JENNA MARTIN PHOTOG... £ | Total Solar Eclipse 2017 - ... 2 | User manuals instruction ... Heart ~ Microsoft Office « Sketchup Space ¥

Ctrl dBuilder

Create HVAC control specifications free and online!

Login 1D y What makes CtrlSpecBuilder
Password : unlike any other specifications

application?

Forgot your password?
Specifications are open and non-proprietary

W d 4 Specifications include sequences, schematics, point
: : y lists, trends, alarms, and other key requirements
+ Create and download Specifications are created in English or metric units

SoplEHaDoEs ta YO Options for BACnet, web-based UI, XML/SOAP

whsh, . interface, electrical demand reduction, and more
+ No e-mail address or

other identification is Based on ASHRAE Guideline 13, with options to use
required. CSI MasterFormat 95 or 2011

Automatic design review which identifies possible
conflicts

m Features are based on user feedback

|
* Create an online It's free
account to store and

share VD“"_ projects 5 simple steps! Learn more
Create, edit, and Read our Frequently Asked Questions
download specs
: Resources

Protect specs against
a lost Internet
connection Tutorial: View the Tutorial
Store specs online

* Your information and Useful links on specifications and HVAC controls.
specs are kept private

Please submit suggestions or report problems.

©2016 Automated Logic Corporation 1150 Roberts Blvd., Kennesaw, Georgia, 30144 USA
Terms of Service anac PO“ A E Feedback
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Present the Design in the Context of the
Building

S#IBTSP up 1

Siemens PXM

[

Coordmate wth the overbecd deor
morufacturer for exact beation and
configuration of the owerhesd dosr end
switch which is used te shut down 16H-1
ond Z when the overhead doors are apes

Mt subishi Mt from MItsubigh E8.-506-A netwers

Route dewn in the chase with the VRF

the 1o ACC-1 with the refrgeront lines

or continuation  See Networs

60R) for addtienal =f ermation

Siemens P2/IF from Siemens FXMO;
Siemens F2/TF from Siemens FXM03

BAChet IP from the AHU-2 Supply fan VSD

BACnet TP from the AMLL2 Exhaust fan

ines; see TC 210 for contimation

All 1o DOLT Reuter i Comm 003; Reute with the VRF lines serving FOU 16 and 17

Ses Metwork Digram - £5-18 Deto

Note that there rumerous dewces that need to be
mounted on the structural masonry walls in the
epperatus bay. The devices

shouid be maunted using surface mounted boxes
color selection by the anchitect. Route conductors
and raceways from the furred oce behind the walls
through the masonry wall 1o gamn access to the
surface mourted baxes. Conductors and races

shall be corcealed and not run expased on The
apparatus bay walls urless otherwsse agreed to by
the Architect during construction.

Hord wiced ar Covgresser
emergency stop switch and
ar compressor proof of
operation mon tor

B,

(dhaet TC 6.02) for additonal mformation

Temperuture senser for 16H-1and 2

Delete the ceiling fan switches since this is
covered by the electrical drawings. All fons wi
be turred on and off by one switch. Wireless
remotes ore provded with the fans 10 allow the

speeds to be set

EF-1 start-step comtro
switch and push 1o test pilat
Truck exhaust fan

push To test pilet Ight

8218 TSP, 2 spares, leave 4 feet
mpares coiled and tapged = the
ceiling near the FOU-T access pare

22818 TSP and 4 network cables up i the hose tower i condult
To cruss sbove the rear garage docr envoute 1o PXMO3. Use riged
conduit i this ares with the network cobles in o separate cond
10 cables. Sex the mpecs for conduit and open cable

from the
eatallation requirements in other area

UH-L

U1 mterwl timer, space temperature
sensor and erable e oy

INTRODUCTION AND OVERVIEW

18 TSP, (Typical of

f each

device unless otherwse neted)

2418 TSP, 2 spures: leave 4
feet of mares coil and tagged
n the ceiling near FCU-A

o Cret TP
Semens P2 /TP

8 AChet/TP 54—

“ Lomistse

TSP, (Typical for indosr —
et remate controliers)

Temperature sensor
encbie relay for UH-3

e I—‘_l
[ 38 TSP o

.

MNet routed down 1o FCU-1 on and up to FOU-11
aleg with the refrigerant lines. See TC 210 and
230 for comtinuaton. See Network Diagrom - F5-18
Detail (sheet TC 6.02) for additional inf armation

ok B

— il TSP, 2
spares

— 10818 TSP,
2 apares

wberis TSP

[ A mares

Lisis vse

1
. Mitabichi PAC-SF48
EPA Transmission Power

Boaster in hinged cover

x near FOU-3

’ ,_—'I—%_.

Coerdinate with, architec tural
and structural frade:
disciplines for o beam
peretraton in these areas
for camel cobles conduits




Network Diagrams;
The System in the Context of the IT Infrastructure

R Zas Tha gt bee S e R st a pur e
w14 mammd acrass e e

Brmt et bing mhal ba

i semparetire cor| oo sk ok e Nitad s Cpmesta Wors Sheras
g aguirad oy et Sampariire e N Proddas lnca] sacaas for s 55054
e b i S 8 ot ot ey s a1y s
waspnart ol ba by WItEEE e ey

Conr smare wtm Mormssany a1 agsrad % pua

] Bl e St i v T
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Siemens: APOGEE System
Inyght ClentBerves Worksutons.
D Thin

Operator Interstes

IntemetTT Network
[IP Protacal]

Primary Metwork

" (Peer-to-Peer)

Primary Controd Units

Supervisory Interface
{Ne VD)

Secondary Network(s)

Secondary Control
Units

Johnson Controls: Metasys M-Series

NY B Propesstary/IP @ 10 Mg
neUIF o 10 Mg

To T parly
aipmant

LON Bus: LONFTT 40 # Takbps
—

Pomta Nz Pom tn NI ar Lonflus

I.\u Bus: Frogristary & B ki ipolingl
pecie Purpese BCUY  Gemarsd e

—

d Bl BCUS WA Tomminal BCUN Lo BCUS

They're Not All Equal

Network Architecture is Critical for Determining:

Network speed

Data handling capability
Future flexibility and expansion

Interoperability

Images courtesy www.ddc-online.org
INTRODUCTION AND OVERVIEW

Oporator Intertaces

Intemet/TT Hetwork
[P Protocol]

Cammunication
In

Primary Network
[Peerto-Peer)

Primary Cantral Units

Supervisory Interface
INe 1)

Secondary Networkis)

Secondary Control
Units

Invensys: Network 8000
[formery BarberColoman Netwaodk B000)

Etfrmt LAM. Propristary/IP & 1Megs

LanTalk ary
FTEwaTRE # 175 Mbps [peerin peer
(BT Lonitiodky casmpa

U B Proprietary
ASD Dus Progietary rytiing

#1903 kbgn
(poes-to-peer]

GonPumass  Packaged

Automated Logic: WebCTRL

Oparator Interiscos

Internat/IT Netwark
[P Pratocal]

Communication
Intarface:

Primary Network
(Paerto-Peer)

Frimary Control Units

Bupersisary Ivterace
{No LD}

Socandary Netwark(s|

Secondary Control
Units

Operator Interfaces

InternotAT Network
[IP Protocol]

Communication
In .

[Poer.to.Peor)

Primary Control Units

Supervisary Interface
N2 D)

Secondary Networkis)

Sscondary Control
Units




They're Not All Equal
But You Can Get Them Pretty Close

Specs can define controller capabilities

= Software 3
Point capacity 2
Global strategies 3
A to D resolution 2
Speed m
Network protocol 3

Memory

Real time clock
Buffers

Fully programmable
Downloadable

PC interface

Images courtesy www.ddc-online.org
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Address the Detalls;

Installation and Coordination

Typical----.
indoor unit ] -—Note 1, 10
i i
1
7 .
"~ Note 3
Note 6, 9,10 — .
: PAR-UQIMEDU-J
1 - Controller, Note 8, 10
1
Note 7

Typical Indoor Unit Control Wiring
No Scale

NOTES:

1
&

3.

o~ o

Furnish and install cord and cable connectors where the network and controller wiring enter the VRF unit
control compartment.

Cables to be plenum rated with electrical characteristics suitable for the application. Verify cable selections
with Mitsubishi.

Route cables in a neat and arderly fashion where concealed above a ceiling, securing them to structure. Do not
secure cables to fire protection system piping or HVAC elements with surface temperatures above 100°F
under operating conditions.

In areas with open ceiling, run cables in appropriately sized and supported conduit routed parallel or
perpendicular to other pipes, ducts, er structural elements in the area.

Where possible, follow the variable flow refrigeration piping route for concealed cables and expesed control
system conduit.

Pravide EMT conduit stubs with switch boxes, all securely mounted te structure at all controller locations.
Controller mounting heights to be as required by local codes and the Americans with Disabilities Act.

Verify contreller location in the field with the Architect, Control Designer, and Mechanical Designer prior to
installation.

Where controllers are mounted on an exterior wall or a wall surreunding or located within an area served by an
underfloor air plenum, insulate the switch box withl inch of fire rated expanding foam on all sides; Abesco
FP200 FR or approved equal. After the cable is pulled into the box, seal the conduit where it enters the box
with the same product.

Siemens to furnish and installation all cable for the control and network system associated with the Mitsubishi
VRF system. At each termination point, Siemens shall provide 24" of cable coiled for final termination by
Mitsubishi.

Where conduit is required, furnish and install a separate raceway system for each of the following cable
system types.

11.1. MNet, Siemens P2, and Modbus cables

11.2, Input/output cables (#18 Twisted Shielded Pairs)

11.3. VRF Controller cables

o

g eNe

Typical Roof Exhaust Fan Control

{Intake hoods to be similar)
No Scale

Coordinate with Division 23 and 26 details for roof mounted equipment and roof penetrations,

See specifications roof plans and M801 details 3 and 4.

Coordinate with Division 23 ta include with the curb:

2.1, Factory furnished hinged access.

2.2. A damper fray with a motorized back-draft damper with the size and number of actuators
as required by the specifics of each fan and its duct.

Fused disconnect by Division 16. Coordinate with Division 16 to provide ore roof curb to serve all

control and power conduit penetrations; Pate PCA or equal. Coordinate with the roofing

contractor for the installation details and other requirements for the roof curb to ensure the

roofing warranty is maintcined.

Coordinate with Division 23 and 26 to verify the motorized back draft damper is provided for

the line voltage associated with the exhaust fan.

Conduit with line voltage, across the line back draft damper interlock by the temperature control

contractor

Duct pressure sensor for fan proof of operation input by the temperature control contractor.

Low voltage control cables by the temperature control contractor.

Low voltage fan command signal through conduit to roof by the temperature control contractor.

Power wiring and cenduit by Division 6.

Temperature control contractor te furnish and install a stainless steel, hinged cover NEMA 4

enclosure to house fan interface relay and fused terminals for the damper actuator interlock

cirgyit/ | Keep the enclosure clear of the equipment service and air flow paths.



A Free Control System Design Resource

« For a narrative discussion of the preceding, see Chapter
2 of the Control Design Guide at:
http://www.ftguide.org/csdg/CSDG.htm

The other chapters of the Control Design Guide include
a chapter on the selection and installation of control and
monitoring points, and a chapter common system
configurations

The system configurations chapter includes a free Excel

point list tool to help you develop your own point lists
with the characteristics mentioned previously
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, Performance and
ISsioning Issues

ntroduction

Control Systems and Code Requirements

Instructor:;

David Sellers

Senior Engineer

Facility Dynamics Engineering
October 23, 2017




DDC Systems are Electrical Systems

Unsealed conduit penetration to
motor in the supply fan
discharge compartment (always
positive, always cool and dry)

The electrical installation can be
critical to the performance of the
DDC system

Outdoor Air Temperature
and Humidity Sensor

N R
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DDC Systems are Electrical Systems

We need to comply with the
National Electric Code (NFPA 70)

* Article 100

— General information

— Definitions

— Working space dimensions
* Article 200

— Terminal identification

— Grounding conductors
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DDC Systems are Electrical Systems

We need to comply with the
National Electric Code (NFPA 70)

* Article 100
— General information
— Definitions
— Working space dimensions
Article 200
— Terminal identification
— Grounding conductors
Article 300

— General wiring materials and
methods
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DDC Systems are Electrical Systems

We need to comply with the
National Electric Code (NFPA 70)

* Article 100
— General information
— Definitions
— Working space dimensions
Article 200
— Terminal identification
— Grounding conductors
Article 300

— General wiring materials and
methods

Article 725

— Class 1, Class 2, and Class 3

Remote-Control, Signaling,
and Power-Limited Circuits

AR ASNYEF AR LR IN

{
!

B
i

[
‘i
i

- .! ...
L
e 1!
& l 1
* i
Vil
!
i

SRR LEN

TSR —y
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DDC Systems are Electrical Systems

We need to comply with the
National Electric Code (NFPA 70)

* Article 100
— General information
— Definitions
— Working space dimensions
Article 200
— Terminal identification
— Grounding conductors
Article 300 * Article 750
— General wiring materials and - Energy Management
methods Systems
Article 725 Prohibits shedding life
~ Class 1, Class 2, and Class 3 safety/missiong critical

Remote-Control, Signaling, loads
and Power-Limited Circuits — Prohibits overloading

circuits
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NEC Article 725

Places limitations on the power
that can be delivered through a
cable

* Voltage limits

* Current limits

Class 1

 Two types

« Digital outputs

Class 2 and 3

« Table 11

« Digital inputs, analog
Inputs, analog outputs

Class 1 must be segregated

from Class 2 and 3 and also

high voltage wiring

5.,
..
-
B
wy
]
B
| ol
‘.
w

LU LR B

S S S Y
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Working Space Requirements

Concerned with clearance to
grounded objects

Table 110.26

Different requirements for
different voltages to ground

Different requirements for
different defined conditions

For most control systems

3 feet in front of the
panel

You have to be able to
open the door

The space extends from
the floor to 6'6” or the
top of the panel
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Working Space; An Example

Yy y ey ey e e s

P

e B

e r—g| |




Working Space; An Example

Coordinated a

Floor drain inside working
space may be an issue in
some jurisdictions



Working Space; An Example

% { =25 T T -
B e T e A b e
] L T e S o e R
T e et te et £ :
: I s i e
F

T

AR
A

1%

i

Pipe runs in front
of the electrical
room door

- = P e R TR — = —— - —
S G SRR A eGSR O
B s tREe B Ry R e R S e B A e e A )
Rl - oo R e (g T e o S i < S
4 T R L T

iy ’%_;; A
i
"“‘xﬁ,{}"

i .lé- R S 1

Pipe runs in front
of control panel
door swing




Working Space' An Example
Situation at 90

B e

Durlng constructlon
the Electrical trade, .

. ... Temperature
.| L Control trade, ...

1%

i

.. and plumbing trade will all have significant work
and acceptance testing to do towards the end of the
construction cycle in a relatively small space (7’ x 11°)




Working Space; An Example
Situation at 90% CDs; A Few Coordination Issues Show Up

Hub drain and fire protection
piping on top of each other

il




Working Space; An Example
Other Than Those Items, It Should Be Fine

Thiy ey 5 T RS - .

1%

i




Working Space; An Example

Resolving the Non-Control System Coordination Issues




Working Space; An Example

A Few (and New) Control System Coordination Issues Remain

A design requirement that =
emerged post 60% CDs L‘.
requires one panel be deeper = |

than originally anticipated

The NEMA 4 enclosure can no
longer be cooled with a fan
blowing equipment room air
through it and a mechanical
cooling system is required

Caddel
BUWCTW
o
gt




)

| N

r

| BN |

The larger panels and cooling

system make the working space F
encroachment problem worse

-

_.—--"'.""’j




Working Space; An Example

A Few (and New) Control System Coordination Issues Remain




Working Space; An Example

Solving the Problem




Working Space; An Example
Solving the Problem (Barely)

\ [ ; et =
L2 T
I[ [T - x\‘:#”: 5




Working Space; An Example

Still a Few Issues

Stacking the panels solves the encroachment
problem but makes them harder to work in; The
helght of the upper control panel is set by OSHA ||

=
requirements for standing while working at the
computer workstation it will contain

oz gt in b

i = S

If the backflow preventer air gap
fitting hangs up in the open
position, 200 — 250 gpm could be |
discharged to the floor drain.

| | [ [peeerann |

The 2” floor drain will not be able

surcharge; water levels of 6 ,
inches or more could build up in

minutes ,

| Water levels in excess of 6 inches will flood this
panel. NEMA 4 panels are not rated for
submersion; Flooding in this room will probably
Io heeletrical room via the door undercut




Working Space; An Example

Why not move the panels?

®

|

i
| |
[ |
&
| |
]
i
]




Working Space; An Example

The Architect says “No we coordinated at 60%; live with it”

S
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Achieving Success by Enforcing Your Design
Requirements

Instructor:;

David Sellers
Senior Engineer
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October 23, 2017




Enforce Your Requirements

Reject equipment and materials
that don’t meet the specification
requirements

Test for what you need

* Need the fan to be running
with-in 15 seconds of a
command?

Complete the commissioning
process

« All processes running
« All required trends running
« Building in a normal cycle

Put one person at the OWS and
one person at the fan

Give them walkie-talkies
Synchronize their watches
Send a start command

Time how long it takes the fan to
react

INTRODUCTION AND OVERVIEW




Enforce Your Requirements

Reject equipment and materials Complete the commissioning
that don’t meet the specification process

requirements « All processes running
Test for what you need « All required trends running

* Need the fan to be running o Bu||d|ng in a normal Cyc|e
with-in 15 seconds of a

command?
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Enforce Your Requirements

Reject equipment and materials
that don’t meet the specification
requirements

Test for what you need

* Need the fan to be running
with-in 15 seconds of a
command?

Need to know if the air
temperature changes with-in
10 seconds?

Need a graphic to populate Iin
60 seconds?

Complete the commissioning
process

« All processes running
« All required trends running
« Building in a normal cycle
Call up complex graphics

Time how long it takes for them to
populate

(While you'’re at it, see if the data
makes sense)

* Mixed air temperature between
the OAT and the RAT

 Fan thatis commanded on
shows “On” status
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Curing the Insanity
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Control System Building Blocks

Instructor:;

David Sellers

Senior Engineer

Facility Dynamics Engineering
October 23, 2017




Control System Building Blocks

Automatically adjust a piece of machinery to give us what we want by
comparing what is going on to what we want to go on and making
appropriate adjustments to the process we want to control
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Control System Building Blocks

Automatically adjust a piece of machinery to give us what we want by
comparing to what we want to go on and making
appropriate adjustments to the process we want to control

INTRODUCTION AND OVERVIEW




Control System Building Blocks

Automatically to give us what we want by
comparing to what we want to go on and making
appropriate adjustments to the process we want to control
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Control System Building Blocks

Automatically to give us what we want by
comparing to what we want to go on and making
appropriate adjustments to the process we want to control

Set Point Our requirements for the process
that is under control, which can be
fixed or variable

INTRODUCTION AND OVERVIEW




Control System Building Blocks

Automatically to give us what we want by
comparing to what we want to go on and making
appropriate adjustments to the process we want to control

Set Point Our requirements for the process
that is under control, which can be
fixed or variable

Control Process Logic and algorithms that tries to
bring the controlled variable into
agreement with the set point
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