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Control Logic

The key to implementing control
processes

* Relays = Digital Logic
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Control Logic

The key to implementing control
processes

* Relays = Digital Logic
* Pneumatic Controls = Analog
Logic
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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
iInvolve 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
- 0and 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

CONTROL PROCESS LOGIC




Relay Logic = A Form of Boolean Algebra
Open Contact = 0; Closed Contact = 1

OO e S
— o

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

o "sQ 0OR1 | o0 | i
o0

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

CONTROL PROCESS LOGIC
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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

CONTROL PROCESS LOGIC




Controlling an Evaporator Pump with Relay
Logic

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

Auto

Off

Hand

http://www.womackmachine.com/pdf/rb365/10p430-1.pdf

(-

Overloads Pump Starter

\
\
\
\
AY
\
\
\
\
\
@

Chiller TDR1

Start/Stop Sequence Instant on, 2 minute off-delay
CONTROL PROCESS LoGIC 11




Controlling an Evaporator Pump with Relay
Logic

Selector switch in the
off L2 “Off” position (No
circuit “made’, a.k.a
complete or closed to

current flow)
JHHF
I

Overloads Pump Starter

\
\
\
\
AY
\
\
\
\
\
@

Chiller TDR1

Start/Stop Sequence Instant on, 2 minute off-delay
CONTROL PROCESS LoGIC 12
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Controlling an Evaporator Pump with Relay
Logic

Selector switch in
Off the “Hand” position
£2 (Hand circuit made)

O

Overloads Pump Starter

\
\
\
\
AY
\
\
\
\
\
@

Chiller TDR1

Start/Stop Sequence Instant on, 2 minute off-delay
CONTROL PROCESS LoGIC 13
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Controlling an Evaporator Pump with Relay

Logic

Selector switch in

'ﬁAuto

Off

Hand

the “Auto” position
(Auto circuit made)

O

Overloads Pump Starter

\
\
\
\
AY
\
\
\
\
\
@

Chiller TDR1

Start/Stop Sequence Instant on, 2 minute off-delay
CONTROL PROCESS LoGIC
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Controlling an Evaporator Pump with Relay
Logic

Off
Auto Hand

N

oio” JHAHA O—

. Ks Overloads
—Q_. O

A i i Pump Starter

Mechanical

interconnection <>7

Chiller TDR1

Start/Stop Sequence Instant on, 2 minute off-delay
CONTROL PROCESS LoGIC 15




Controlling an Evaporator Pump with Relay
Logic

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

N

A Overloads Pump Starter

:*:
AY
\
\
\
AY
N
\
N
\
@

Chiller TDR1

Start/Stop Sequence Instant on, 2 minute off-delay
CONTROL PROCESS LoGIC 16




Controlling an Evaporator Pump with Relay
Logic

Normally closed contact (contact
closed with out power or

Auto

Off

Hand

triggering event applied to the
actuating device

22w

O

Overloads Pump Starter

\
\
\
\
AY
\
\
\
\
\
@

Chiller TDR1

Start/Stop Sequence Instant on, 2 minute off-delay
CONTROL PROCESS LoGIC
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Controlling an Evaporator Pump with Relay
Logic

Off

Auto Hand Magnetic coils

(O

Overloads Pump Starter

\
\
\
\
. AY
\
\
\
\
@

Chiller TDR1

Start/Stop Sequence Instant on, 2 minute off-delay
CONTROL PROCESS LoGIC 18




Controlling an Evaporator Pump with Relay
Logic

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

HH—( )~

Overloads Pump Starter

\
\
\
\
\
\
\
\
\
\
&

Chiller TDR1

Start/Stop Sequence Instant on, 2 minute off-delay
CONTROL PROCESS LOGIC 19
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Controlling an Evaporator Pump with Relay
Logic

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

Chiller TDR1
Start/Stop Sequence Instant on,

CONTROL PROCESS LOGIC




Controlling an Evaporator Pump with Relay

Logic

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

Auto

Off

4

Hand

H

Run the pump continuously in “Hand”.

(-

Overloads Pump Starter

\
\
\
\
AY
\
\
\
\
\
&

Chiller TDR1

Start/Stop Sequence Instant on, 2 minute off-delay
CONTROL PROCESS LoGIC 21




Controlling an Evaporator Pump with Relay
Logic

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

Off Run the pump continuously in “Hand”. Overloads
Auto Hand shut down the pump no matter what.

Overloads Pump Starter

\
\
\
\
AY
\
\
\
\
\
&

Chiller TDR1

Start/Stop Sequence Instant on, 2 minute off-delay
CONTROL PROCESS LoGIC 22
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IDEC SmartRelay Program Controll

Water Feature

A FEE]

File Edit Format View Tools Window Help
O-F-6HE = BEEaQ

I vterfall Pump va lid

Constants

Marmally Cpen
Mormally Closed These pagos sot up the clock controliing the load woterfall pump ond sot up proot of cporation end hours logging.

Anslag input Waterfall pump 02 is normally run as lead with Waterfall Pump 01 serving as the back-up pump. Either purp

Outtput can serve the waterfall, but the sandbags and e ross-connest valve have been balanced for the best appeararce
Qutput Mot
Analog output
Special functions
= Timer
On-Delay
Off-Delay
On-Off-Delay
Retentive on-0r
Interyal time-de TOO
i Edge-triggered
Asynohronous :nmnrss
Random Gener, 06:00h
Stairwell Light 22:00h
Dual-function =
@ seven-day time
: Twelve-month

with Waterfall pump 02 in operation.

7% P

Waterfal|
Purmp Clack

o o This line-starts the lead water Fall punp if it has been encbled by the EC5 and it is ssheduled to run based an the schedule in the elock.
Opersting hour Waterfall
Frequency trigs P Clock
= Analog PwiPmp01Ena PWPmO2ss
Analog Campal 15 TO01 oz
Anslog trigger I I ;
Analag Amplifie | | LY )

Analog value
Analog differer
B Miscellaneous
* AND (Edge)
. NAND (Edge)
™ Latohing Relay
W Current impulse

This ling sets a memory marker based on the proof of operation input serving Waterfall Pump 1.
This marker is used through-out the program when a function needs to be interlocked based on Waterfall Pump 01's aperation.

Waterfall Pump 01
PucFU FPmp P Praof of Gperation
" M1

I ()

This line trigaens the counten that aseumulates Waterfall Pump 01's hours of aparation,

Softkey
> Shift register

Waterfall Pump 01 Waterfall Pump 01
Proof of Operation Hours of Operation
M1 con4
| T
000 b
oh
R+En
This line sets up the up cursor button to display Waterfall Pump 01's hours of operation. Waterfall pump 01 hours

of operation display

C1d SFO05
|
| Prio = 30
Quit= off
(SFO05-Cup)
(SFO05-Cur)
it all Pump

1 Hrs=(C004-Tat

These lines provide a start-up delay o let Waterfall Pump 2 start when the system is first initialized. If Waterfall Pump 2 fails
to start with-in the delay window provided, Waterfall Pump 1 is started.

= L 0| i Waterfall

FL1C Standarcd| 100% T

‘Reawng successul




IDEC SmartRelay Program Controll

Water Feature

A FEE]

File Edit Format View Tools Window Help
O-F-6HE = BEEaQ

I vterfall Pump va lid

Constants

Marmally Open i i i
Normalky Clasesd These pages sot up the clock contralling the lcad waterfall pump and set up proof of operation and hours logging.

[ Anelog input Waterfall pump 02 is normally run as lead with Waterfall Pump 01 senving as the back-up pump. Eithen pump

Qutput can serve the waterfall, but the =andbags and cross-connect valve have been balanced for the best appearance
oLt bt with Waterfall pump 02 in operation.
Analog output
Special functions
= Timer
On-Delay
Off-Delay
On-Joff-Delay
Retentive on-D
Interval time-de oo+
i Edge-triggered
Asynchronous,

7% P

Waterfall
Pump Clock

+
MTWTFES
Random Gener| 08:00h

Stairwell Light 22:00h
Dual-function 5
@ seven-day time
! Twvelve-month
=—_1 Counter

% UpiDown coun
Opersting hour Waterfall
Frequency trig Pump Clock
= Analog PwhfFmpd1Ena PWIFmI255
Analoy Carmpal 15 To01 oz
Analog trigger I 11 /
Anslog Ampliie | | \ )
Analog walue
Analog differer
= Miscellaneous
= aND (Edge)
o NAND (Edge) This ling sets a memony marker based on the proot of operation input semving Waterfall Pump 1,
" Latching Relay
W Current impulse

This line-starts the lead water fall pump if it has been enabled by the ECS and it is scheduled to run based on the schedule in the clock,

This marker is used through-out the pragram when a funs tion needs +o be interlocked based on Waterfal | Pump 01's operation.

Waterfall Pump 01
P FRp 01P Procf of Operation
" M1

I {)

This line triggers the counter that accumulates Waterfall Pump 01's hours of operation.

Softkey
> Shift register

Waterfall Pump 01 Waterfall Pump 01
Proof of Qperation Hours of Operation
hi co04
|l h

il
1000h+
oh
R+En
Thiz line sets up the up cursor butten ta display Waterfall Pump 01's haurs of operation. Waterfall pump 01 hours
of aperation display
Clh SFO0S
| I
| Prio =30
Quit= off
(SFO05-Cur)
(SFO05-Cun)
WtFall Pump

1 Hi=(C004-Tot

These lines provids a start-up delay to et Watenfall Pup 2 start when the system is finst initializsd, Tf Waterfall Pump 2 fails
ta start with-in the delay windaw pravided, Waterfall Pump 1 is started.

s [ | . Waterfall
‘Reawng successful FL1C Standard| [100% 7|




Controlling an Evaporator Pump with DDC
Logic

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

HH—(O—

Overloads Pump Starter

\
\
\
\
\
\
\
\
\
\
&

Chiller TDR1

Start/Stop Sequence Instant on, 2 minute off-delay
CONTROL PROCESS LoGIC 27
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Controlling an Evaporator Pump with DDC
Logic

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

Auto

Off

Hand

HH—(O—

Overloads Pump Starter
Coil

CONTROL PROCESS LOGIC




Controlling an Evaporator Pump with DDC
Logic

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 and fail-safe functions.

r
0 o HH—(O—

Overloads Pump Starter
Coil

CONTROL PROCESS LOGIC
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Logic Physically
Defined by Wires
and Devices Pre-

Start

Is Class
Boring?

Doze Off

DDC Still Needs to

Pay
Attention

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 — AlIM —
4 — 1987

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

CONTROL PROCESS LOGIC
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Stop The

Pump

Wait 2 |
Minutes |

Is
Chiller
eeded?

Emergency
Stop

>

v

( End )

CONTROL PROCESS LOGIC

Flow Chart for
DDC Logic to
Control the
Chilled Water
Pump
Automation
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Comparing DDC Logic
to Relay Logic

TDR1-1

CONTROL PROCESS LOGIC

Chiller
Start/Stop Sequence

TDR1
Instant on, 2 minute off-delay




TDR1
Instant on, 2 minute off-delay
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TDR1
Instant on, 2 minute off-delay
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TDR1
Instant on, 2 minute off-delay

Chiller

Amps?
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Instant on, 2 minute off-delay

Chiller  “~No_

Amps?
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Instant on, 2 minute off-delay

Chiller ~No_ | Ls

Chiller
Amps? eeded?

\1, Yes

Pump
Flow?

CONTROL PROCESS LOGIC




Stop The

Pump

Wait 2
Minutes

Yes

Chiller
Amps?

¢ Yes

Pump
Flow?

(\o)
—>

Is
Chiller
eeded?

CONTROL PROCESS LOGIC

Instant on, 2 minute off-delay




Stop The
Pump

Wait 2
Minutes | Instarit on, 2 minube off-delay

Is

Chiller Chiller

Amps? eeded?

\1, Yes

Pump
Flow?

3 No

Emergency
Stop

>
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Everything Inside the Black Box is Digital

£ /|

Black Box

CONTROL PROCESS LOGIC




Everything Outside the Black Box is Analog

£

/|

Black Box
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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

£ /|

Black Box
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Two General Approaches Used for
Developing Control Logic

Line Code Graphic Programming

TEME D 5 ILL
N TMMEDTATE SHUTD . R MUST MAKUALLY
THE T.OW TEMP DETECTO ND POTNT "RLTLTLOM GFF TG

STEM.

ON ) THEX
ON ) THEX

CEEDS 118 HIGH LIMI
SHUTDOM AHU. AN

ISTART THE FA)

2 INCHES TIO;

MMAND AN IMMEDLA M Temo L Fl

FOINT "AARPLO™ Of
M Terr L L
e Tervg Liw P
DEMPER
i P s

ATZY SHUTDCWN.
R I

==

THEN ON (241DLO)
30 mirute on deley

{EN 0N (A41DLO)

AMU 1 Discharge Tempersture Comtral
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Two General Approaches Used for
Developing Control Logic

Line Code

« 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

CONTROL PROCESS LOGIC




Two General Approaches Used for
Developing Control Logic

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

Graphic Programming

CONTROL PROCESS LOGIC




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 cc.)ntrol prOf;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

CONTROL PROCESS LOGIC
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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

CONTROL PROCESS LOGIC

Is Class
Boring?

Doze Off

Pay
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\

Is Class
Over?

Wake Up

\
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| e& ATR BALANCE NAS BEET

File Edit Wiew Daocu *®

==+ A Picture’s Worth a Thousand Words

° And also Thousands of Dollars
i
A
UCB 500 4-26-2010
| Comment [R156]: The limits of operation st
;| be clearly identified up front. The acrual operational
perameters necessay ta produce the desired Fab
BAA UC SO0 Air Balance Guide Line Converting from CFM to Prassurization Control i Do e [10. The values shown in SO0 Matrix are estimated values for air flows resulting room DPs and e P;‘f::hf;!'{*e' Pﬂﬁ;‘::mmf“:‘é::‘m
Jow that could be controlled with the GAS are intended rough order of magnitude values to asset in giving the Air Balancer rough order of g ".,,’;3& S‘m”m) mﬂdm‘azﬁgMJCﬁ od
A Assumptions used in the UCB SO0 Matrix ./ | BUNKER. DP would be that of &4 Tftais magnitude values that can be compared to actual values and act as a starting point to balance fo : dncumented in each SO0 Mode. If an operstional
./ | velue is modified to reflect room pressure, care must 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,
1. Room differential transmitter(s) need to be added fo the two GAS BUNKERS ta give room DP i :ﬁ?{'ﬁ;"\f{;ﬂ::ﬂ?“ “’E-":m;“:““'h‘:;ﬂﬂ:";:"’* BUNKERS without creating room DPs foo high to impede personnel evacuation in the event of K | ;&:ﬁ;éﬁ::;:"ﬂ:d‘:dmanﬁ:f‘f:m
control to exhaust fans ( 3&4). Coordinate with Mark Lesko about how and where sensors to 5 200 TPM imgﬂl‘,ﬁikﬁm’ghcﬂ evacuation alarms : other 500 Modss =
be located to provide the GAS BUNKER DP control for both GAS BUNKERS. It may be Cabinet Foorprint, oot window)._...
necessary o use one GAS BUNKER DP to control the DP and flows| to both GAS BUNKERS_ __ _ 11. (E) control interlocks, isolation damper positions, |proof of flow minimum and maximum set- At b?” °°‘Z]”“ e
e e points for air handlers(AHU-1A & 1B) and exhaust fans(EF-1 thru 4) to remain as programmed for msé{g“’:?;,‘::;‘: D
in he TAD Impors 17% of Gisien () nd 16% _ Tl BT e R SRR I peration wreak havoc with air
{2. The Air Balance Report published leakage air flows test that measured the air leakage from the ") of the airflow delivered af desizn operation. Tt the (N) differential pressure control logic to be implemented. Refer to each of the matrix velocity and direction in the ductwork- Consider use
FAB L3M & L5 along the measured FAB room differential pressure. These two values were used is highly ualikely that the proportional balance of the operating scenarios and modify (E) programming, if necessary, to correct air handler(AHU-1A | of VFD “Saatus” (NOT Command or Input) for
to calculate the FAB crack area. This FAB crack area was used with an equation that uses the 4 systemu will persist across such 3 larze &1B) and exhaust fan (EF-1 thru 4} isolation damper operation as shown in each of the matrix | scrus Ststas of Fan.
room crack area and desired room differential pressure to calculate the amount of air flow ISR T L B s solation damper columns. . Refer to the matrix column for shutdown control of the recirculating | Comment [RIS8]: Has the possibility been
required to maintain a specific room differential pressure | T air handlers(RACUS) for each of the matrix events. Refer o the NARRATIVE SITUATION || explored of contmgeacies (Instllaton of mare
Pl SUMMARY column for each scenario. Also refer to the last column of the matrix for comments supply openings, e ) in case the curtent insalltion
f i i i i i *{ Comment [R152]: To obtain the actuz] “Crack et it , " | B e e e e
3. This equation was used to approximate the FAB and GAS BUNKER resulting room differential Are® or Bldg Evelope Cr would requise tht fhe about whether or not an event initiates lab evacuation 1| each mode?
pressures that could be expected by setting a constant exhaust flow from exhaust fans(EF-1 & 2) actual girflows of AHU-1A & 1B, - ( Comment [RIS3: ESA i complesely comversas:
and use the equation to approximate the required air flow from the make-up air handlers(AHU-1A ‘measured concuzrenily with one another AND the 12. While maintaining the fixed exhaust air flow rates for EF-182 given under NORMAL ) {th the system and s small discussion vrith them.
& 1B) and the required exhaust flow from exhaust fans(EF-3 & 4) needed o generale desirable Fab Pressure. It appears that these critical OPERATIONS, objective is to provide a positive room pressure differential in the FAB with “ would be sfficient for them to understand the intent
room differential pressures in the FAB and Gas Bunker measirements were actually measured as follows: respect to outside hallway and at the same time provide a negative room pressure differential ‘ nd probebly toassist in the efficient and accurate
AHU-1A 4T — Pre-Filter Traverses March 25, 09 between the GAS BUNKER and the FAB to prevent the possibility of exfiltrating pyrophoric b f:_’:_’”“"“ﬂm“’emmfm Lmh
h A differential pressure of +0.01 “W_.C equates to about 1 Ib/sq ft on a door. Design objective try AHU-1A&1B — RHC Traverses March 11, 09 gases from the GAS BUNKERS into the FABJ ‘
and keep a person from being exposed to a door opening force in excess of 15 Ibs force(about a E:;‘Eﬂ:;};; == nf;” ] Desired room pressires, pressure direction and limirs
differential pressure of +0_15"W_C for a standard door) EF3 & 4 Traverse March 9, 09 ¢ %ﬁiﬂ“ﬁﬁ“ﬁfﬁfﬂ:ﬁ;
5. Anormal 20 sq.ft door can be expected to provide at least a 6 Ib force against a negative room oo = Testne May 15,09 ) R R e e
2 R b dampers, 5 slow down fzns wat] the desired
pressure of -0.04°W.C. Most standard door closures starl to have resistance to that may be | 1E5 and RSA should colsborste o sz e sciual BB Air Balance Set-up & Start-up Proceedure § s aseminad. Thag o
increased or decreased at the time of balance if undesirable exhaust and make-up air flow result Kﬁﬁfﬁ"ﬁfﬂm [LLE R e then document the airflow o ensme i s acceptable,
from the DPs] - 1. Once all control changes have been completed and initial programming to allow start-up to mﬁ;‘gﬁ; ;f:’;“ﬂ:fdi“jg“‘““
1 C:;‘;"S‘:ﬁ[::‘ﬂ]z‘:ufuﬁ;ﬁg??‘! (Far proceed completed and before there has been any changes to (E) air handler and exhaust fan .
6. The FAB L3M & L5 are both about (14,480 sq.ft say 15,000 sq f). The design ventilation rate e “m—,_“u“m 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
for this area is 4 cfm/sq.ft. This equates to about a combined 60,000 cfm air flow for exhaust deparmires from thesa norms based on several factors —up and allowed to operate under the (N} control logic. Any obvious corrections should be made. awomatically wittous any manual mtervention, the
fans(EF-1 & 2). (envelope leakage, door weight, door opening mhﬂ_mmuv?‘; W‘Jﬂ;—‘_ﬁ;gm;;fﬂ
LN, S o nasa s o o NN 2 Operating in the NORMAL OPERATING MODE the measured operating air flows and room | TR L R e
7. The GAS BUNKERS for L3M & L5 are both about (561 sq.ft say 600 sq ft). The two rooms set- | Humﬂipiﬂm!m]\"imonu:nlm DPs should be compared to the SO0 Matrix(3-26-2010) calculated values. This information || et BT o s i
up to give a low flow warning at 10 cfm/sq.ft and a tool gas shutdown at 7 cfm/sq.fi. imperative to be accurate (See previous note) should be evaluated to determine what initial corrective action in operating set-points necessary. | wwhile AT commols Fsb DP and EF-34 contrals
: 5 1| Gas Cabinet Veniilation and Bunker DP. Ifthe “3
|a. Air flow goal for the GAS BUNKERS is to prevent pyrophoric gases exfilirating out of the GAS f;',{?;mfg";.[;?fﬂ;i‘ﬁﬁﬁ“;‘f;ﬁ‘:zi (ar more) fixed VFD™ speed soategy can be utilized
BUNKERS into the FAB and to provide acceptable ventilation rates. This means that exhaust area to apother, the key point of filure in the [3. The first step is to establish the exhaust fan(EF-1 & 2) air flow set-point. During NORMAL ;“;m:‘!;g‘gnﬁﬂx mﬂi‘!‘éﬂ SOIE lSmE:Eﬂlﬂm
fans(EF-3 & 4) have to run at a speed signal high enough to maintain a negative pressure in the pl | S e e QPERATION: both exhaust fans (EF-1 & 2) are sef-up fo run in parallel at three fixed VFD speed ) e
GAS BUNKERS working against the make-up and exhaust air flows contributed to the GAS | e e s i T e signals. The FIRST FIXED VFD SPEED SIGNAL programmed to provide the consiant air flow ! j\J:d): " !e,-de - ).,,:fm ==
¢ | tnto fus ratio in “Normsl” mode (Room Pressure) . - | | Modes, consideration may need to be givento
BUNKERS from air handlers{AHU-1A & 1B) and exhaust fans(EF-1 & 2} and maintain a | may mdicate that there 1sn't nuch play before the cfm that provides the design air flow of at least 4 cfm/sq_ft Matrix value is —39,000 cfm for both revising the contral stratezy within the Siemens
ventilation air flow rate in the GAS BUNKER above 10 cfm/sq.ft (close to 16 cfm/sq.ft if possible) || | system(s) need o be shut down. fans. The SECOND FIXED VFD SPEED SIGNAL is the maximum speed signal for any one contoller, his might be accompliehed by s
without generating a door opening force in excess of 15 Ibs] : cbmma"t [RISS]: Will e EF's sxtsring e | exhaust fan to run at -60,000 cfm each.This assures that during an out of service event for P
ba operating to conmol room pressure ar all exhaust fan(EF-1 or 2) the minimum ventilation rate at 4 cfm/sq.fi for the FAB L3M & L5 shall be i DP would the Selector's impurs, the ourpur would be
|o. The FAB make-up air handlers(AHU-1A & 1B} and the GAS BUNKER exhaust fans (EF-3 & 4) times, mnaunng Hormal” simations” This will maintained. The THIRD FIXED YFD SPEED SIGNAL is a minimum air flow set-point to run q 10 the VFD controlling EF-142.
to have their control logic changed from controliing to a constant air flow value to controlied to b oo et e e exhaust fan(EF-1 or 2) to provide minimal ventilation 12,000 cfm in the FAB without creating too old be “OFE"
maintain a room DP. This change in control philosophy means tnat the FAB and GAS BUNKER | | comet g nome) operrion rezarfes of e prohibitive negative FAB room DP in the event both air handlers(AHU-1A & 1B} go out of service D it e L
ventilation rates shall be determined by the exhaust fan(EF-1 & 2) fixed speed setting and the i Changeaver from the three fixed VFD speed signals have to include control interface with all ! durt static in comtrol of the EF-1 & 2 VED speed.
make-up air handlers(AHU-1A & 1B) and exhaust fans(EF-3 & 4) shall respond o the fixed ! Also, is it possible that the mininmm allowsble equipment affected by the speed signal change-over and ample time for required isolation ' [ When an AHU failed, the Selector would change the
exhaust fan(EF-1 & 2) flow rate to maintain a positive room DP in the FAB and a negative room | exhaust airflow (200 FPM over the cabiner footpriat) damper operation and proof of flow to take place. Also the BAS needs to be programmed to be input to e Fab D, now controlling the EF-1
DP in the GAS BUNKERS] ;;f;’;ﬂ;".;‘;i;‘:,‘f;nﬁgrgﬁ informed of all NORMAL and ALARM MODES that take place] B =
6 L J .
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Free Tools for Playing with/Learning Logic

Eikon for Educators WindLGC

i, o

Bg-

—

Automated Logic’s Programming IDEC Smart Relay Programming
Language Tool

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