
Instructor:Instructor:Instructor:

Control Systems:
Design, Performance and 
Commissioning Issues

David Sellers
Senior Engineer
Facility Dynamics Engineering
October 23, 2017

Control Process Logic



Instructor:Instructor:Instructor:

Control Systems:
Design, Performance and 
Commissioning Issues

David Sellers
Senior Engineer
Facility Dynamics Engineering
October 23, 2017

Control Process Logic
Overview



Control Logic

The key to implementing control 
processes
• Relays = Digital Logic
• Pneumatic Controls = Analog 

Logic
• Computers use digital logic to 

implement both digital and 
analog processes
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Control Logic

The key to capturing energy 
savings
• 90% of all Cx/EBCx solutions 

involve controls
• LeConte Hall savings captured 

with revised control logic
• LeConte Hall savings = $3,830 

per year

See Retrocommissioning 
Findings: Leveraging a Chilled 

Water System Thermal Flywheel 
to Save Energy and Compressors 
– Overview on my blog for details  
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Boolean Algebra;  The Fundamental 
Principle Behind Computer Logic

• Boolean algebra is the algebra of two values
‒ 0 and 1
‒ True and False

• Computers are machines that “think” using two values
• Boolean algebra can represent how computers think
• “Truth tables” represent the result of Boolean operations
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Relay Logic = A Form of Boolean Algebra
Open Contact = 0;  Closed Contact = 1

Relay Logic AND

Relay Logic OR

AND truth table

OR truth table

A B

A B

Both contacts have to be closed to 
get current from A to B

Either or both contacts being closed 
will get current from A to B

0 OR 1 0 1
0 0 1
1 1 1

0 AND 1 0 1
0 0 0
1 0 1
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Control Processes
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Controlling an Evaporator Pump with Relay 
Logic

The Narrative Sequence
• When the Hand-Off-Auto switch (HOA) is in Auto

‒ The evaporator pump shall start when the chiller it is 
associated with is enabled for operation

‒ The evaporator pump shall remain in operation for two 
minutes and then shut down when the chiller it is 
associated with is disabled

• When the HOA switch is in “Hand” the evaporator pump 
shall run continuously

• No matter what position the HOA switch is in, the 
evaporator pump shall shut down if the motor overloads 
are tripped
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Controlling an Evaporator Pump with Relay 
Logic

JIC (Joint Industry Council) ladder diagram symbol list 
available from Womack Machine Supply Co. website at
http://www.womackmachine.com/pdf/rb365/10p430-1.pdf

HandAuto
Off

H

A
Overloads Pump Starter 

Coil

Chiller
Start/Stop Sequence

TDR1-1

TDR1
Instant on, 2 minute off-delay
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Controlling an Evaporator Pump with Relay 
Logic

HandAuto
Off

H

A
Overloads Pump Starter 

Coil

Selector switch in the 
“Off” position (No 
circuit “made”, a.k.a
complete or closed to 
current flow)

Chiller
Start/Stop Sequence

TDR1-1

TDR1
Instant on, 2 minute off-delay
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Controlling an Evaporator Pump with Relay 
Logic

HandAuto
Off

H

A
Overloads Pump Starter 

Coil

Selector switch in 
the “Hand” position 
(Hand circuit made)

Chiller
Start/Stop Sequence

TDR1-1

TDR1
Instant on, 2 minute off-delay
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Controlling an Evaporator Pump with Relay 
Logic

HandAuto
Off

H

A
Overloads Pump Starter 

Coil

Selector switch in 
the “Auto” position 
(Auto circuit made)

Chiller
Start/Stop Sequence

TDR1-1

TDR1
Instant on, 2 minute off-delay
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Controlling an Evaporator Pump with Relay 
Logic

HandAuto
Off

H

A
Overloads Pump Starter 

Coil

Mechanical 
interconnection

Chiller
Start/Stop Sequence

TDR1-1

TDR1
Instant on, 2 minute off-delay
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Chiller
Start/Stop Sequence

TDR1-1

TDR1
Instant on, 2 minute off-delay

Controlling an Evaporator Pump with Relay 
Logic

HandAuto
Off

H

A
Overloads Pump Starter 

Coil

Normally open contact 
(contact open with out power 
or triggering event applied to 

the actuating device
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Controlling an Evaporator Pump with Relay 
Logic

HandAuto
Off

H

A
Overloads Pump Starter 

Coil

Normally closed contact (contact 
closed with out power or 

triggering event applied to the 
actuating device

Chiller
Start/Stop Sequence

TDR1-1

TDR1
Instant on, 2 minute off-delay
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Controlling an Evaporator Pump with Relay 
Logic

HandAuto
Off

H

A
Overloads Pump Starter 

Coil

Magnetic coils

Chiller
Start/Stop Sequence

TDR1-1

TDR1
Instant on, 2 minute off-delay
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Magnetic coils
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Controlling an Evaporator Pump with Relay 
Logic

HandAuto
Off

H

A
Overloads Pump Starter 

Coil

Chiller
Start/Stop Sequence

TDR1-1

TDR1
Instant on, 2 minute off-delay

Design Intent:  In “Auto”, start the pump when 
required by the chiller start sequence.  

19CONTROL PROCESS LOGIC



Controlling an Evaporator Pump with Relay 
Logic

HandAuto
Off

H

A
Overloads Pump Starter 

Coil

Chiller
Start/Stop Sequence

TDR1-1

TDR1
Instant on, 2 minute off-delay

Design Intent:  In “Auto”, start the pump when 
required by the chiller start sequence.  Keep it 
running for 2 minutes after the chiller shuts down.
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Controlling an Evaporator Pump with Relay 
Logic

HandAuto
Off

H

A
Overloads Pump Starter 

Coil

Chiller
Start/Stop Sequence

TDR1-1

TDR1
Instant on, 2 minute off-delay

Design Intent: In “Auto”, start the pump when 
required by the chiller start sequence.  Keep it 
running for 2 minutes after the chiller shuts down. 
Run the pump continuously in “Hand”.
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Controlling an Evaporator Pump with Relay 
Logic

HandAuto
Off

H

A
Overloads Pump Starter 

Coil

Chiller
Start/Stop Sequence

TDR1-1

TDR1
Instant on, 2 minute off-delay

Design Intent: In “Auto”, start the pump when 
required by the chiller start sequence.  Keep it 
running for 2 minutes after the chiller shuts down. 
Run the pump continuously in “Hand”. Overloads 
shut down the pump no matter what.
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Programmable Logic 
Controllers (PLCs) Use 
Ladder Diagram Symbols 
to Write Programs
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IDEC SmartRelay Program Controlling a 
Water Feature
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IDEC SmartRelay Program Controlling a 
Water Feature
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Controlling an Evaporator Pump with DDC 
Logic

HandAuto
Off

H

A
Overloads Pump Starter 

Coil

Chiller
Start/Stop Sequence

TDR1-1

TDR1
Instant on, 2 minute off-delay

In current technology DDC systems, computer 
logic has taken over much of the automation and 
timing.
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Controlling an Evaporator Pump with DDC 
Logic

HandAuto
Off

H

A

DDC  
System 
Output

Overloads Pump Starter 
Coil

In current technology DDC systems, computer 
logic has taken over much of the automation and 
timing.
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Controlling an Evaporator Pump with DDC 
Logic

HandAuto
Off

H

A

DDC  
System 
Output

Overloads Pump Starter 
Coil

In current technology DDC systems, computer 
logic has taken over much of the automation and 
timing.
Hardwired interlocks are still used to provide 
safety and fail-safe functions.
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Logic Physically 
Defined by Wires 
and Devices Pre-
DDC Still Needs to 
be Defined for DDC
• As early as 1968, standards 

were developed for documenting 
computer logic using flow charts 
(ANSI X3.5 – 1968)

• Current version – ANSI – AIIM –
4 – 1987

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

Start

Is Class 
Boring? Doze Off

Pay 
Attention

End

Is Class 
Over?

Are you 
asleep?
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Fill Out 
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Yes

No

Yes No

Yes

No
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Flow Chart for 
DDC Logic to 
Control the 
Chilled Water 
Pump 
Automation

32
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No Start 
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Control Processes
Comparing Relay Logic to DDC Logic



Comparing DDC Logic 
to Relay Logic

The areas shaded in green are the 
functions in the relay logic circuit that 
will be provided by the DDC system
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Start

Is 
Chiller 

Needed?
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Start

Is 
Chiller 

Needed?

No

36

Pump 
Flow?

No

Note that the logic could assume the 
pump is running if it is needed and 
the On Command has been issued, 
But a more positive proof would be to 
check to see if the pump was 
drawing current or if a flow switch in 
the pipe it served was closed.
Either of these options would require 
a physical input of some sort which is 
not shown in the diagram above.
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Start

Is 
Chiller 

Needed?

No

37

Pump 
Flow?

No

Similar to the preceding, the logic 
could assume that the chiller was 
running if a start command had been 
issued previously. 
But chiller amps will provide a more 
positive proof of chiller operation that 
would not be “fooled” for instance by 
an internal safety shutting down the 
chiller.
If a safety had shut down the chiller 
and the logic assumed it was running 
because you had commanded it on, 
you would not know there was a 
problem.
In contrast, loss of amps with an On 
command would indicate a problem 
of some sort

Yes

Chiller 
Amps?
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Needed?
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Pump 
Flow?

No

Yes

Chiller 
Amps?

No Start 
Pump

CONTROL PROCESS LOGIC



Start

Is 
Chiller 

Needed?

No

39

Pump 
Flow?

No

Yes

Chiller 
Amps?

No Start 
Pump

Yes

Pump 
Flow?

Yes

Is 
Chiller 

Needed?

Yes

CONTROL PROCESS LOGIC



Start

Is 
Chiller 

Needed?

No

40

Pump 
Flow?

No

Yes

Chiller 
Amps?

No Start 
Pump

Yes

Pump 
Flow?

Yes

Is 
Chiller 

Needed?

Yes

Wait 2 
Minutes

Stop The 
Pump

No

CONTROL PROCESS LOGIC



Start

Is 
Chiller 

Needed?

No
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Pump 
Flow?
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Yes
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Everything Inside the Black Box is Digital
Apply Digital Technology to Interface with Analog Information 
to Control Analog Systems by Imitating Analog Control 
Processes Using Digital Algorithms
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Everything Outside the Black Box is Analog
Apply Digital Technology to Interface with Analog Information 
to Control Analog Systems by Imitating Analog Control 
Processes Using Digital Algorithms

Output

M
ul

tip
le

xe
r

Amplifier

Sample/Hold

A to D 
Conversion

Communications 
Controller

Micro-processor/ 
Controller

Power Supply

Amplifier

D to A 
Conversion

Output

Output

Output

Input

Input

Input

Input

D
e-

m
ul

tip
le

xe
r

Network Interface

Memory

Black Box Output

Output

43CONTROL PROCESS LOGIC



A Digital View of an Analog World
Apply Digital Technology to Interface with Analog Information 
to Control Analog Systems by Imitating Analog Control 
Processes Using Digital Algorithms
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Two General Approaches Used for 
Developing Control Logic 

Line Code Graphic Programming
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Two General Approaches Used for 
Developing Control Logic 

Line Code

46

• Similar to other programming 
languages like Fortran, Pascal, 
C+, etc.

• Many commands similar to 
standard languages, like “If-
Then-Else”, “Go To”, etc.

• Vendors have specialized 
commands like “Loop”, 
“Min”,”Lookup” etc. that are 
control process related
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Two General Approaches Used for 
Developing Control Logic 

Graphic Programming

47

• Preferred by some (especially 
older types) since the program 
looks very similar to a 
pneumatic control drawing

• If you could “look inside” the 
programing elements, you 
would discover they are driven 
by languages like C+, etc.

• If you prefer one approach 
over the other, it will narrow 
your choices for a control 
system vendor
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Jay Santos’s 8 Steps for Developing Control 
Logic

1. Identify the devices to be 
controlled in the system 
(a.k.a. the controlled variable)

2. Figure out what you have to 
do to control each device

3. Figure out what you need to 
monitor to let you control each 
device (a.k.a. the process 
variable)

4. Figure out how to make the 
process variable interact 
appropriately with the 
controlled variable

5. Figure out what other things 
(secondary control 
processes) impact the 
primary control process for 
each device

6. Figure out how to monitor 
the secondary control 
processes and integrate 
them with the primary 
control process

7. Figure out if there are any 
limiting conditions that 
apply to the control process

8. Write it all down
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Consider Writing it 
All Down in the 
Form of a Logic 
Diagram
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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 – ANSI – AIIM – 4 – 1987
• Microsoft Office has standard shapes built 

in to the drawing tools drop down menu
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A Picture’s Worth a Thousand Words 
(And also Thousands of Dollars)
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A Picture’s Worth a Thousand Words 
(And also Thousands of Dollars)
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Free Tools for Playing with/Learning Logic
Eikon for Educators WindLGC
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Automated Logic’s Programming 
Language

IDEC Smart Relay Programming   
Tool

CONTROL PROCESS LOGIC

http://www.av8rdas.com/eikon-for-educators-and-windlgc.html



Control Sequence Development Resources

• Control Spec Builder
• How to Write Control Sequences, published in 

Consulting Specifying Engineer, by Jay Santos and The 
Joy of Writing Control Sequences, published in Heating, 
Piping and Air Conditioning and available at: 
http://www.av8rdas.com/logic-diagram-tool.html
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