Digital
Control
Processes




Writing it All Down

 Documenting your
sequence is an
idea
Using the English
language to do it may
provide a few
challenges
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This Control System s 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

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
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‘A Picture’s Worth a

And also Thousands of Dollars

UCB 800 4-26-2010

BAA UC 500 Air Balance Guide Line Converting from CFM to Prassurization Control

[ Comment [RI51]: The only resulting exhaust
low that could be controlled with the GAS

A Assumptions used in the UCB SO0 Matrix \| BINMKER DP would be thar of &4 Ifthis
| valne is modified to reflect room pressure, care st
1. Room differential transmitter(s) need to be added to the two GAS BUNKERS to give room DP ‘ ‘:;‘“ that this valne does "’-"‘M;“z““'hﬂ;ﬂ available
contral to exhaust fans ( 3&4). Coordinate with Mark Lesko about how and where sensors to ! = 1%%&&2&53&?&%3@;5‘;;&
be located to provide th e L«Ao BUNKER DP control r: both GAS EUNKERS It n ay be Cabizet Footprint, not window)...”.

Additionally, the “Alarm Poinr” sirflow documented
ia the TAB rapors is 17% of desiem (3°) and 16%

P The Air Balance Report published leakage air flows test that measured the air leakage from the

FAB L3M & L5 along the measured FAB room differential pressure. These two values were used is ,,g,l wnlikaly that the proportional balance of the
to calculate the FAB crack area. This FAB crack area was used with an equation that uses the [ AFIU-1 system will persist actoss such a larze
room crack area and desired room differential pressure to calculate the amount of air flow D
required to maintain a specific room differential pressure. ’,ﬂ‘:;:::ﬂi‘;’ms“m‘ ST

"+ Comment [RI52]: To obiain the actusl “Crack

3. This equation was used to approximate the FAB and GAS BUNKER resulting room differential Are® or Bldg Evelope Cr would requise tht fhe

pressures that could be expected by setting a constant exhaust flow from exhaust fans(EF-1 & 2) actual airflows of AHU-1A & 1B, 2 &3 were
and use the equation to approximate the required air flow from the make-up air handlers(AHU-1A ‘measured concuzrendly with one another AND the
& 1B) and the required exhaust flow from exhaust fans(EF-3 & 4) needed o generale desirable Fab Pressure It appears that these critical

room differential pressures in the FAB and Gas Bunker measirements were actually measured as follows:

AHU-14&18 — Pre-Filter Traverses March 25, 09
}4 A differential pressure of +0.01 “W_.C equates to about 1 Ib/sq ft on a door. Design objective try AHU-1A&1B — BHC Traverses March 11, 09
and keep a person from being exposed to a door opening force in excess of 15 Ibs force(about a Traverses February 25
differential pressure of +0.15"W.C for a standard door) Gas Cabinets June 13, 09

p = o EF-3 & 4 Traverse March 9, 09

Room Pressure Testing May 15, 02

5. Anormal 20 sq.ft door can be expected to provide at least a 6 Ib force against a negative room
pressure of —0.04"W_C_ Most standard door closures start to have resistance to that may be
increased or decreased at the time of balance if undesirable exhaust and make-up air flow result

| IES and RSA should collaborsls to snsure the actual
‘measurements coniained in fhe TAB report can be
used in the marmer required

from the DPs]
Comment [R153]: Based on my experience (Far
Auhor lling) thes
6 The FAB L3M & L5 are both about (14,480 sq.ft say 15,000 sa.ft). The design ventilation rate e e
for this area is 4 cfm/sqg.ft. This equates to about a combined 60,000 cfm air flow for exhaust depamures from these norms based on several factors
fans(EF-1 & 2). (envelope leakage, door weight, door opeming.
hardware, etc.) that can negate the most careful

calcnlations. This makes the Airflow Room Pressure

7. The GAS BUNKERS for L3M & L5 are both about (561 sq.ft say 600 sq ft). The two rooms set- | relationship an exremely importan: valus,
up to give a low flow warning at 10 c¢fm/sq.ft and a tool gas shutdown at 7 cfm/sq.ft. imperative to be accuzate (See previous nove)

[ t [R1S4]: B: there is nothing
|a. Air flow goal for the GAS BUNKERS is to prevent pyrophoric gases exfilirating out of the GAS i \{',;,!L",?"w-[dgu g],mm_‘k&'f;"mm’q:
BUNKERS into the FAB and to provide acceptable ventilation rates. This means that exhaust area to apother, the key point of filure in the
fans(EF-3 & 4) have to run at a speed signal high enough to maintain a negative pressure in the o gx“};':'?:‘“b"‘-‘ﬁl’““?‘ “h‘ﬁ?’;’m“f
GAS BUNKERS working against the make-up and exhaust air flows contributed to the GAS ) == mﬂﬂé%rmﬂghﬂm’aﬁmﬁ
BUNKERS from air handlers(AHU-1A & 1B) and exhaust fans(EF-1 & 2} and maintain a | may mdicate fast these 1e0t zmch play before the
ventilation air flow rate in the GAS BUNKER above 10 cfm/sq.ft (close to 16 cfm/sq.ft if possible) | system(s) need to be shut down.
without generating a door opening force in excess of 15 Ibs] ! { Comment [RISS]: Will the EF’s exhausting the

GC’s be operating o control room pressure ar ll

|o. The FAB make-up air handlers(AHU-1A & 1B} and the GAS BUNKER exhaust fans (EF-3 & 4) times, even during “Normal” simations? This will
to have their control logic changed from controlling to a constant air flow value to controlled to A= urﬂfdu“;?g;if:ﬁp;:ﬂnn:garﬂlgfn?mp
maintain a room DP. This change in control philosophy means that the FAB and GAS BUNKER ! | room pressure s mentioned in previous notes
ventilation rates shall be determined by the exhaust fan(EF-1 & 2) fixed speed setting and the ;
make-up air handlers(AHU-1A & 1B) and exhaust fans(EF-3 & 4) shall respond to the fixed Alsa, is it possible that the mininmm allowsble
exhaust fan{EF-1 & 2) flow rate to maintain a positive room DP in the FAB and a negative room I :’;h;:“r:"ﬂm ”‘2‘;5 C;;‘::;:ﬁ?:é::;mmn
DP in the GAS BUNKERS| ___ o | before the minimm venrilstion rre is reached”

housand Words

| Comment [R156]: The limits of operation st
| be clearly identified up front. The acrual operational
permmeters necessary to produce the desired Fab

[10. The values shown in SO0 Matrix are estimated values for air flows resulting room DPs and N ::f::hfu“{*e' mﬁ;‘:\:”—““&:‘:;ﬂ
are |n!ended rough order of magnitude values to asset in giving the Air Balancer _rough order of ! | (TAB & Siemens) and hg‘a_,mfmmzd =
magnitude values that can be compared to actual values and act as a starting point to balance fo L documented in each SO0 Mode. If an operational
FAB air flow and room DPs that shall maintain acceptable ventilation rates in the FAB and GAS linnir mmst b crossed to obtain a specified condition,

i i i i . the systam(s) mmst be re-evalnated 1o see what
BUNKERS w‘lmnut creating room DPs too high to impede personnel evacuation in the event of | | e e
evacuation alarms] ; other SO0 Modes.

.{ Comment [R157]: The proof of flow using te

11_ (E) control interlocks, isolation damper positions, proof of flow minimum and maximum set- e e ey T el —

iment

points for air handlers(AHU-1A & 1B) and exhaust fans(EF-1 thru 4) to remain as programmed for _ the SO0 Modes of operation wreak havoc with air
the (N) differential pressure control logic to be implemented. Refer to each of the matrix velociry and direction in the ductwork. Consider use
operating scenarios and modify (E) programming, if necessary, to correct air handler(AHU-1A | of VFD “Status” (NOT Command or Input) for
&1B) and exhaust fan (EF-1 thru 4} isolation damper operation as shown in each of the matrix | sctual Status of Fan

solation damper columns. . Refer to the matrix column for shutdown control of the recirculating | Comment [R158]: Has the possibility been

air handlers{RACUs) for each of the matrix events. Refer to the NARRATIVE SITUATION | E’\?“;'fﬂ“_m“?“?ﬁ’ i #_m;a
SUMMARY column for each scenario. Also refer to the Iast column of the matrix for comments O
about whether or not an event initiates lab evacuation 1| eachmode?

12. While maintaining the fixed exhaust air flow rates for EF-1&2 given under NORMAL 5 °°2‘g‘;?f$j§{ﬂ;‘:’?§;i§”§‘;‘”
OPERATIONS, objective is to provide a positive room pressure differential in the FAB with “ would be sfficient for them to understand the intent
respect to outside hallway and at the same time provide a negative room pressure differential n 2nd probably 1o assist in the efficient and accurate
between the GAS BUNKER and the FAB to prevent the possibility of exfiltrating pyrophoric b

gases from the GAS BUNKERS into the FABJ
Desired room pressures, pressure direction and limits
in each SO0 Mode would be sufficient direction
BSA & Siemens could take the system, confizure
them in esch “mamix” mode and close opea
dampers, speed up/slow down fans until the desired

|B__Air Balance Set-up & Start-up Proceedure | ] condition in that mode was determined. They could
then document the airflow o ensure it s acceptable,

1. Onee all control changes have been completed and initial programming to allow start-up to mﬁ;ﬂﬁ:ﬂ; _f:";“ﬂ:fdi“jg“‘““
proceed completed and before there has been any changes to (E) air handler and exhaust fan ; .

speed set-points the air handlers(AHU-1A & 1B) and exhaust fans(EF-1 thru 4) should be started | When the systam is re-programmed to operate
—up and allowed to operate under the (N) control logic. Any obvious corrections should be made. autemarically withous any manual mrerveation, the

Fab is Teady to fest. When the sulomatic test
| smccesds, the systemm is ready to be witnessed

2 Operating in the NORMAL OPERATING MODE the measured operating air flows and room
DPs should be compared to the SO0 Matrix(3-26-2010) calculated values. This information | Comment [R1510]: T believe the objective is to
should be evaluated to determine what initial corrective action in operating set-points necessary.

|| while AFU comols Fab DP and EE-3&+ commals
1| Gas Cabinet Veniilation and Bunker DP. Ifthe “3
(o7 more) fixed VED" spesd suategy can be wilized

[3. The first step is to establish the exhaust fan(EF-1 & 2) air flow set-point. During NORMAL within the SO0 Modes. the stared SO0 is adequate
OPERATION: both exhaust fans (EF-1 & 2) are set-up fo run in parallel at three fixed VFD speed K ii:fd::’ Emd;fﬁ";&;’;;ﬁ“’fﬁx;m
signals. The FIRST FIXED VFD SPEED SIGNAL programmed to provide the constant air flow ! | Modes, consideration may need to be iven to
cfm that provides the design air flow of at least 4 cfm/sq_ft Matrix value is —39,000 cfm for both revising the control stratezy within the Siemens.
fans. The SECOND FIXED VFD SPEED SIGNAL is the maximum speed signal for any one controller. This might be accomplished by a

“Selector” device / program of same sort. The

exhaust fan to run at -60,000 cfm each.This assures that during an out of service event for i General Exhiaust Duct Satic Dressare and the Fab
exhaust fan(EF-1 or 2) the minimum ventilation rate at 4 cfm/sq.fi for the FAB L3M & L5 shall be 1| DP would the Selector's tnpurs, the ourput would be
maintained The THIRD FIXED VFD SPEED SIGNAL is a minimum air fiow set-point fo run N to the VFD controlling EF-182.

exhaust fan(EF-1 or 2) to provide minimal ventilation -12,000 cfm in the FAB without creating too The iapt from the Fab DP woald be “OFF"
prohibitive negative FAB room DP in the event hoth air hand\grs[AHU-M & 1B) go out _of service e T el i St e e
Changeover from the three fixed VFD speed signals have fo include control interface with all s duct static in control of the EF-1 & 2 VED spesd
equipment affected by the speed signal change-over and ample time for required isolation ' [ When an AHU failed, the Selector would change the
damper operation and proof of flow to take place. Also the BAS needs to be programmed o be mput _°'-1& Fab DP, nguol:lmg the 1
informed of all NORMAL and ALARM MODES that take place R
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Boolean algebra is the algebra  AND truth table and logic symbol

of two values

— True and False
— On and Off
Computers are machines that Possible
“think” using two values Input Resuit
States
Boolean algebra can represent
how computers think
“Truth tables” represent the
result of Boolean operations
— I, | A
— N O
— Ib D

BAsIC LoGIC CONCEPTS



Boolean algebra is the algebra
of two values

- 0and 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

OR truth table and logic symbol

Possible
Input Result
States
A:
a
R

1"
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Boolean algebra is the algebra
of two values

- 0and 1
— True and False
— On and Off

« Computers are machines that
“think” using two values

« Boolean algebra can represent
how computers think

e “Truth tables” represent the
result of Boolean operations

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

OR truth table and logic symbol

Possible
Input
States

Result

BAsICc LoGIcC CONCEPTS
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Relay Logic = A Form of Boolean Algebra

Open Contact = False; Closed Contact = True
Relay Logic AND AND truth table

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

BAsic LoGIc CONCEPTS
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Relay Logic = A Form of Boolean Algebra

Open Contact = False; Closed Contact = True

Relay Logic OR OR truth table
®@—| ®
| |

Either or both contacts being closed
will get current from Ato B

BAsic LoGIc CONCEPTS
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JIC (Joint Industry Council) ladder diagram symbol list
available from Womack Machine Supply Co. website at

Off http://www.womackmachine.com/pdf/rb365/10p430-1.pdf
Auto T Hand
| H
AT | Overloads Pump Starter
0 O —— Coi
_TDRI1-1
Chiller TDR1

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



Selector switch in

Off ‘ the “Off” position
(No circuit made)

Auto T Hand
- H
i ‘A poosmmooeeeoes i Overloads Pump Starter
L0 0 — Coil
B | TOR11
Chiller TDR1

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



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

Auto Hand
- . H |
| ~A pTTTToTees | Overloads Pump Starter
- o——— Coil
__TDR1-1
Chiller TDR1

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



Selector switch in
Off the “Auto” position

‘ (Auto circuit made)
Auto Hand

o_o - WHAHF 07

______________ Overloads

| A : i Pump Starter
Q. O i I I ; Coil
- _TDR1-1
Chiller TDRA1

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



Off .
Mechanical
Auto Hand interconnection

N

- . H
‘ A pTTTToTees | Overloads Pump Starter
Q.0 i I I ; Coil
. TDR1-1 ®
Chiller TDR1

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



Normally open contact

Off

H

(contact open with out power
or triggering event applied to
Auto Hand the actuating device

(-

A Q Overloads Pump Starter
QO — Coi
_TDR1-1
Chiller TDR1

Start/Stop Sequence

Instant on, 2 minute off-delay



Normally closed contact (contact
closed with out power or
Off triggering event applied to the
Auto Hand actuating device

N 2 @ e

o_o - JHAHA O—

A | _I """ | Overloads Pump Starter

_Q_Q i 1 Coil

_________________________
\
\
\
\
\
\
&

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




Off

Auto Hand Magnetic coils

0 O— WHAHF ’07

______________ Overloads

| A i ; Pump Starter
Q.0 —— Coi
_TDR1-1
Chiller TDR1

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



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

O,

Pump Starter
Coll

Off

Auto Hand

: H
0 0 (plvl)
A s | Overloads

< o———|
| U
.__TDR1-1
Chiller
Start/Stop Sequence

BAsic LoGIc CONCEPTS
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TDR1

Instant on, 2 minute off-delay

25



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.
Off

Auto Hand

0 o— JHAHA O—

______________ Overloads

: A : i Pump Starter
Q.0 i I I ; Coil
_TDR1-1
Chiller TDR1
Start/Stop Sequence Instant on, 2 minute off-delay

BAsic LoGIc CONCEPTS 26



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.

Off Run the pump continuously in “Hand”.
Auto Hand
A I,f H: ‘X
CL:J) |
AT Overloads Pump Starter
-0 'O — Coil
DRI
Chiller TDR1
Start/Stop Sequence Instant on, 2 minute off-delay

BAsic LoGIc CONCEPTS
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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.

Off Run the pump continuously in “Hand”.
Auto fHa”d Overloads shut down the pump no matter what.
A raray:
QL O |
| A pTTTToTees | Overloads Pump Starter
- o——— Coil
_TDRI1-1
Chiller TDR1
Start/Stop Sequence Instant on, 2 minute off-delay

BAsic LoGIc CONCEPTS 28
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IDEC SmartRelay Program Controlling a
Water Feature

0
&
=
5
n
A
n
= Inte
i
gl
n
il
|
T
u
A




IDEC SmartRelay Program Controlling a
Water Feature
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Auto

Off

In current technology DDC systems, computer
logic has taken over much of the automation and

timing.

Hand

Start/Stop Sequence

BAsic LoGIc CONCEPTS

AT | Overloads Pump Starter
Wolle . I I . Coi
. _TDR1-1
Chiller TDR1

Instant on, 2 minute off-delay
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In current technology DDC systems, computer
logic has taken over much of the automation and

timing.
Off
Auto T Hand
| H
| A Overloads Pump Starter
0 O I I Coil
DDC
System
Output

BAsic LoGIc CONCEPTS
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In current technology DDC systems, computer
logic has taken over much of the automation and

timing.

Off Hardwired interlocks are still used to provide
Auto Hand safety/fail safe functions.
| H
A Overloads Pump Starter
Wolle I I Coil
DDC

System
Output

BAsic LoGIc CONCEPTS
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Is Pump
Running?

Start
Pump

Yes

Yes

Is No .
Chiller /\X\i/::ltrezs
eeded?

\ 4
Stop Pump

Emergency
Stop

Y

V.
<




Off

BAsIC LoGIC CONCEPTS

Auto T Hand
" H
—
LA Overloads Pump Starter
o = : 77777777777777777777777 Cail
TDR1-1
[ N
] W,
Chiller TDR1
Start/Stop Sequence Instant on, 2 minute off-delay
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Is No

Chiller
eeded?

Off

BAsIC LoGIC CONCEPTS

Auto T Hand
" H
—
LA Overlcads Pump Starter
o = I 77777777777777777777 Cail
TDR1-1
[ )
] U,
Chiller TDR1
Start/Stop Sequence Instant on, 2 minute off-delay
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Is
Chiller
eeded?

No

Is
Chiller
Running?

No

Yes

Off
Auto

BAsIC LoGIC CONCEPTS

Overloads Pump Starter
0 | Coil
! [T o ——————
TDR1-1
[ )
I )
Chiller TDR1
Start/Stop Sequence Instant on, 2 minute off-delay
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Is No

Chiller
eeded?

Off

Is
Chiller

No

Running?

Start
Pump

Yes

BAsIC LoGIC CONCEPTS

Auto T Hand
§ H
———
A Overloads Pump Starter
o i I 77777777777777777777 Coil
TDR1-1
[ )
| _/
Chiller TDR1
Start/Stop Sequence Instant on, 2 minute off-delay

39



Off

Auto T Hand
o yayays
> © HH—( —
< > Overloads Pump Starter
Start @, A i I 77777777777777777 Coil
\/\ TDR1-1
[ )

Is No ] v
Chiller Chiller TDR1
eeded? Start/Stop Sequence Instant on, 2 minute off-delay

Is N

- 0 Start
Chiller Pump >

Running?
Is Pump Yes .

Running?

BAsIC LoGIC CONCEPTS
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Is No

Chiller
eeded?

Off
Auto

Hand

HHr

O_

Overloads

Is
Chiller

No

Start
Pump

Running?

Is Pump

Yes

Running?

Emergency

v

Pump Starter
| | Coil
N
TDR1-1
[ )
I ),
Chiller TDR1
Start/Stop Sequence Instant on, 2 minute off-delay

Stop

BAsIC LoGIC CONCEPTS
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Is No

Chiller
eeded?

Off
Auto

Hand

HHr

O_

Overloads

Is
Chiller

No

Start
Pump

Running?

Is Pump

Yes

Running?

Emergency

Pump Starter
| | Coil
N
TDR1-1
[ )
I ),
Chiller TDR1
Start/Stop Sequence Instant on, 2 minute off-delay

Stop

BAsIC LoGIC CONCEPTS
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Off
Auto Hand

H—(O—

Overloads Pump Starter
Coll

Chiller
Running?

Is Pump
Running?

Start
Pump

Yes

Emergency
Stop

TDR1-1
[ )
I ),
Chiller TDR1
Start/Stop Sequence Instant on, 2 minute off-delay

BAsIC LoGIC CONCEPTS
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Off
Auto Hand

HHr

Overloads

O_

Pump Starter
Coil

Chiller
Running?

Is Pump

Start
Pump

Yes

Running?

Emergency

TDR1-1
[ N\
I @),
Chiller TDR1
Start/Stop Sequence Instant on, 2 minute off-delay

Wait 2
Minutes

\ 4

Stop Pump

Stop

BAsIC LoGIC CONCEPTS
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01-08-01-01 | DO |CH1 EvPmp Srt-Stp  »
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_
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O
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CHW Demand | VP
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Computer Logic

CHW Demand | VP
[ )

Physical world

A0

NOT

TMR

2 Minutes
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[ CHW Demand

Off

Auto Hand
" H
—
A Overloads Pump Starter
0 i I Coil
TDR1-1
[ N
l ),
Chiller TDR1
Start/Stop Sequence Instant on, 2 minute off-delay

5]

A0

> 01-08-01-01

DO

NOT

TMR

()

2 Minutes

CH1 EvPmp Srt-Stp >




Off

Auto Hand
" H
—
A Overloads Pump Starter
0 = i Coil
TDR1-1
[ )
I )
Chiller TDR1
Start/Stop Sequence Instant on, 2 minute off-delay

| CHW Demand

5]

—> 01-08-01-01 | DO |CH1 EvPmp Srt-Stp >

A0

TMR

L NnoT H <A>_0—

2 Minutes
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Off

Auto Hand
§ H
———
A Overloads Pump Starter
o i I 77777777777777777 Coil
TDR1-1
[ )
| _/
Chiller TDR1
Start/Stop Sequence Instant on, 2 minute off-delay

[ CHW Demand

5]

—> 01-08-01-01 | DO |CH1 EvPmp Srt-Stp  »

A0

TMR

L NnoT H <A>_0—

2 Minutes
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[ CHW Demand

Off
Auto Hand

H—(O—

Overloads Pump Starter
Coll

TDR1-1
[ )
l )
Chiller TDR1
Start/Stop Sequence Instant on, 2 minute off-delay

5]

A0

—> 01-08-01-01

DO

CH1 EvPmp Srt-Stp

NOT

TMR

()

2 Minutes
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CHW Demand

Off

Auto 1 Hand
ol |
L:_._C IHM_OJ
A
> O

Overloads Pump Starter
[ Coil
I
DO
01-08-01-01
CH1 EvPmp
Srt-Stp

Pump Not Running?

e |s it the overloads?
* |s it the selector switch?
* |s it the control logic?

5]

A O

> 01-08-01-01 | DO [CH1 EvPmp Srt-Stp >

NOT

TMR

(1)

2 Minutes
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SYMBOL

DESCRIPTION

- |4

Plo—1u

— PROPORTIONAL, INTEGRAL, DERIVATIVE LOOPS USE STANDARD ALGORITHMS TO
CALCULATE AN OUTPUT BASED ON A VARIABLE INPUT. PROPORTIONAL IS BASED ON THE DIFFERENCE
BETWEEN THE INPUT AND THE SETPOINT. INTEGRAL IS BASED ON THE THE TIME THE INPUT DEVIATES
FROM THE SETPOINT. DERIVATIVE IS BASED ON THE THE RATE THE INPUT IS APPROACHING THE
SETPOINT. THE PID CAN BE EITHER DIRECT ACTING (DA) OR REVERSE ACTING (RA). IN A DA PID
WHEN THE INPUT INCREASES THE OUTPUT INCREASES. IN A RA PID WHEN THE INPUT INCREASES THE
OUTPUT DECREASES.

— Not all PID algorithms are the same
— Not all auto-tune algorithms are the same
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[ CHW Demand

5]

> 01-08-01-01

TMR

—NOT—|<A>_O

2 Minutes

DI

Add points to

CH1 EvPmp Status >

}/\W graphics and
T trends
g > 01-08-01-01 | DO [CH1 EvPmp Srt-Stp  »
Add logic to Provide
detect alarm guidance for
conditions operators
N
@ AL1 M 12
A
N
NOT y



Off
Auto Hand
R 01-08-01-01 | DO |CH1 EvPmp Srt-Stp > ! H |
O O Y
—
A Overloads Pump Starter
LS 0 [ Coil
NOT H| 0 it i 1
2 Minutes DO
01-08-01-01
CH1 EvPmp
Srt-Stp

This ...

... describes how this works
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Is this ...

[T=T0]
RTM
A
R
TMR
noT H_/ I\ 2
2 Minutes
Off
Auto T Hand
" H
ORI,
—_—
A
; ]
> O 1|
DO
01-08-01-01
CH1 EvPmp

Srt-Stp

01-08-01-01

DO

CH1EvPmpSrt-Stp >

Overloads

()
/

Pump Starter

Coil

... the same as this?

CHWDemand | VP

TMR

noT HL AN Q

2 Minutes

> 01080101 | D

CH1EvPmp Status

§

01-08-01-01

DO

CH1EvPmpSrt-Stp >

[1]2]0]
RTM

Off
Auto T Hand
PN I ¥ N\
O ' C I
A Overloads Pump Starter
¥e [ Coil
it 11
DO
01-08-01-01
CH1 EvPmp
Srt-Stp



Jay Santos’s 8 Steps for Developing Control
Logic

|dentify the devices to be . Figure out what other things
controlled in the system (secondary control
(a.k.a. the controlled variable) processes) impact the

Figure out what you have to primary control process for
do to control each device each device

Figure out what you need to . Figure out how to monitor
monitor to let you control each the secondary control

device (a.k.a. the process processes and integrate
variable) them with the primary

Figure out how to make the c?ntrol pro;ess
process variable interact . Figure out if there are any

appropriately with the limiting conditions that
controlled variable apply to the control process

8. Write it all down
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