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Writing it All Down

• Documenting your 
sequence is an 
Excellent idea

• Using the English 
language to do it may 
provide a few 
challenges
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Clear Communication is Important
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This Control System is Automated Logic 
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This Control System is Automated Logic 
But in the general sense, so is this one
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This Control System is Automated Logic 
But in the general sense, so is this one, and this one
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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

Start

Is Class 
Boring? Doze Off

Pay 
Attention

End

Is Class 
Over?

Are you 
asleep?

Wake Up

Fill Out 
Evaluation

Yes

No

Yes No

Yes

No
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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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A Picture’s Worth a Thousand Words 
(And also Thousands of Dollars)
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AND truth table and logic symbol

Ib O=Ia.IbIa

T TT

F FF

T FF

F FT

Boolean Algebra;  The Fundamental 
Principle Behind Computer Logic
• Boolean algebra is the algebra 

of two values
‒ 0 and 1
‒ True and False
‒ On and Off

• Computers are machines that 
“think” using two values

• Boolean algebra can represent 
how computers think

• “Truth tables” represent the 
result of Boolean operations

Possible 
Input 

States
Result
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OR truth table and logic symbol

Ib O=Ia+IbIa

T TT

F FF

T TF

F TT

Boolean Algebra;  The Fundamental 
Principle Behind Computer Logic
• Boolean algebra is the algebra 

of two values
‒ 0 and 1
‒ True and False
‒ On and Off

• Computers are machines that 
“think” using two values

• Boolean algebra can represent 
how computers think

• “Truth tables” represent the 
result of Boolean operations

Possible 
Input 

States
Result
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Ib O=Ia+IbIa

T TT

F FF

T TF

F TT

OR truth table and logic symbol

Boolean Algebra;  The Fundamental 
Principle Behind Computer Logic
• Boolean algebra is the algebra 

of two values
‒ 0 and 1
‒ True and False
‒ On and Off

• Computers are machines that 
“think” using two values

• Boolean algebra can represent 
how computers think

• “Truth tables” represent the 
result of Boolean operations

Possible 
Input 

States
Result
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For more information on Boolean Logic see Chapter 2 of The Art of Assembly Language;
http://homepage.mac.com/randyhyde/webster.cs.ucr.edu/www.artofasm.com/DOS/pdf/ch02.pdf



Relay Logic = A Form of Boolean Algebra
Open Contact = False;  Closed Contact = True

Relay Logic AND AND truth table

A B

Both contacts have to be closed to 
get current from A to B
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Relay Logic = A Form of Boolean Algebra
Open Contact = False;  Closed Contact = True

Relay Logic OR OR truth table

A B

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



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)

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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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.  
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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.
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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

30BASIC LOGIC CONCEPTS



IDEC SmartRelay Program Controlling a 
Water Feature
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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

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 Relay 
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 Relay 
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/fail safe functions.
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Flow Chart for DDC 
Logic to Controlling 
the Chilled Water 
Pump Automation

Start

Is 
Chiller 

Running?

Is 
Chiller 

Needed?

Yes

No

Yes

Is Pump 
Running?

Start 
Pump

End

Is 
Chiller 

Needed?

Wait 2 
Minutes

Stop Pump

Emergency 
Stop

No No

Yes

Yes

No
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Start

Is 
Chiller 

Needed?

Yes

No
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Start

Is 
Chiller 

Running?

Is 
Chiller 

Needed?

Yes

No

Yes

No
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Start

Is 
Chiller 

Running?

Is 
Chiller 

Needed?

Yes

No

Yes

Start 
Pump

No
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Start

Is 
Chiller 

Running?

Is 
Chiller 

Needed?

Yes

No

Yes

Is Pump 
Running?

Start 
Pump

No

Yes

No

40BASIC LOGIC CONCEPTS



Start

Is 
Chiller 

Running?

Is 
Chiller 

Needed?

Yes

No

Yes

Is Pump 
Running?

Start 
Pump

End

Emergency 
Stop

No

Yes

No
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Start

Is 
Chiller 

Running?

Is 
Chiller 

Needed?

Yes

No

Yes

Is Pump 
Running?

Start 
Pump

End

Is 
Chiller 

Needed?

Emergency 
Stop

No No

Yes

Yes

No
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Start

Is 
Chiller 

Running?

Is 
Chiller 

Needed?

Yes

No

Yes

Is Pump 
Running?

Start 
Pump

End

Is 
Chiller 

Needed?

Emergency 
Stop

No No

Yes

Yes

No
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Start

Is 
Chiller 

Running?

Is 
Chiller 

Needed?

Yes

No

Yes

Is Pump 
Running?

Start 
Pump

End

Is 
Chiller 

Needed?

Wait 2 
Minutes

Stop Pump

Emergency 
Stop

No No

Yes

Yes

No
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Logic Diagrams;  Combining Physical I/O 
with Flow Chart Logic

CHW Demand VP
01-08-01-01 DO CH1 EvPmp Srt-Stp

2 Minutes

TMR
I O

O
R

NOT

Computer Logic
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Logic Diagrams;  Combining Physical I/O 
with Flow Chart Logic

CHW Demand VP
01-08-01-01 DO CH1 EvPmp Srt-Stp

2 Minutes

TMR
I O

O
R

NOT

Physical world

Computer Logic

46BASIC LOGIC CONCEPTS



CHW Demand VP
01-08-01-01 DO CH1 EvPmp Srt-Stp

2 Minutes

TMR
I O

O
R

NOT
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CHW Demand VP
01-08-01-01 DO CH1 EvPmp Srt-Stp

2 Minutes

TMR
I O

O
R

NOT
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CHW Demand VP
01-08-01-01 CH1 EvPmp Srt-StpDO

2 Minutes

TMR
I O

O
R

NOT
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CHW Demand VP
01-08-01-01 CH1 EvPmp Srt-StpDO

2 Minutes

TMR
I O

O
R

NOT

50BASIC LOGIC CONCEPTS



CHW Demand VP
01-08-01-01 DO CH1 EvPmp Srt-Stp

2 Minutes

TMR
I O

O
R

NOT

Trouble-shooting is 
the Control Logic in 
Reverse

Pump Not Running?
• Is it the overloads?
• Is it the selector switch?
• Is it the control logic?
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Logic Diagram Symbols

• The definition of the symbol is important; e.g.

‒ Not all PID algorithms are the same
‒ Not all auto-tune algorithms are the same

• A complex function represented by one logic block 
may also be constructed from a combination of 
simpler logic blocks
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Add Enhancements

CHW Demand VP
01-08-01-01 DO CH1 EvPmp Srt-Stp

2 Minutes

TMR
I O

O
R

NOT

01-08-01-01 DI CH1 EvPmp Status

G
A L1 M 12

NOT

T

G

T

Add points to 
graphics and 

trends

Add logic to 
detect alarm 
conditions

Provide 
guidance for 

operators

A
N
D
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The Complete Picture

This …

… describes how this works
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Monitoring Run Time

Is this … … the same as this?
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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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