Fire Station Pressure Control

A fire station requires a system to control the pressure of the water supply. The pressure must remain constant. The
system consists of 3 large pumps, 1 small pump, 1 variable frequency drive (VFD) and a pressure transducer. Please
refer to Figure 1 and 2 for the hardware diagrams.

YO0, Y2, Y4 and Y6 control the operation of the pumps and Y1, Y3, Y5 and Y7 control if the pumps are to be powered
by the variable frequency drive or by the 3® power.

The system will operate in the following manner,

1.

5.

Small pump #1 (for nighttime light load operation) will start first. After VFD reaches 50 Hz. wait 15
seconds. If the water pressure has not reached the preset value then stop pump #1 and wait for 3 seconds,
then start large pump #2 with the VFD. After VFD reaches 50 Hz., switch the pump's power to the 3® power
and wait 15 seconds. If the pressure still hasn't achieved the preset, start pump #3 and perform the same
operation as pump #2. If it still hasn't reached preset, start pump #4.

If the pressure is greater than the preset for 10 seconds than shut off one pump. Continue shutting off pumps
every 10 seconds, until the pressure is at the preset or until small pump #1 is the only one operating.

If only one large pump runs at a light load and its VFD frequency is < 30 Hz., switch to small pump #1 to
conserve electricity.

If only one large pump is necessary to achieve preset pressure, then every two hours switch to an alternate
pump, such that, all pumps will wear and tear at the same rate.

Every 10 to 20 days, a signal shall be initiated to exercise the fire prevention equipment for 10 minutes.

A state diagram will be used to implement this system. There will be 13 states in the diagram, which will be differentiate

by,

R5R4Y6Y4Y2YO0

Where,
YO0 small pump #1
Y2 large pump #2
Y4 large pump #3
Y6 large pump #4
R4 column indicator
R5 column indicator

Please refer to Figure 3 for the state diagram.
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Figure 1. Pressure control pump wiring diagram

Pump

O

Pump

O

Pump

O

Pump

O\

#1

#2

#3

#4



[P3416

START
= X0 Y0
STOP
4 X1 Y1
H
C Y
Q)
Y3
Y4
| PRESSURE X224
TRANSOUCER
Y5
- VFR X2h
FREQUENCY H
AGND Yb
H
Y7
H
Y8

SMALL PUMP

LARGE PUMP
#e

PUMP 2 POWER
SWITCH

LARGE PUMP
#3

LARGE PUMP
#4

PUMP 4_POWER
SWITCH

H //“\\ N
Q.

TEST FIRE
PREVENTION

Figure 2. Pressure control hardware diagram
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10 0001
R13
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Figure 3. Pressure control state diagram

The state diagram depicts the transition between one state (which pumps are on) and another state. Timers control the

transitions. I.e. a transition will occur from state R11 to state R14 when timer T24 has timed-out. A breakdown of the
timers follows,

T16, ..., T21 Rotate pumps after 2 hours of continuous operation.
T24, ..., T26 Increase pressure by turning on another pump after 15 seconds.

T27, ..., T29 Decrease pressure by turning off a pump after 10 seconds and at the same time rotate
the pumps.



The following is the RLL that performs all the necessary tasks,

| XO X1 R3
R I R B ()
| |
| R30 |
211 |-
|
| c8
3| mmmm [A25%60/
|
| T1 T3
4| =]/ | =mmmmmmm e (1)
|
| T31 T1
5l=| |=mmmmmmmmm oo (1)
|
| T31 RO1 R3
T R I R e ()
|
| R31
TN =1/ | =mmmmmmmmmm oo (7)
|
| R5 R4 Y6 R6
Bl=1/1===1/1===|/|====mmmmmmmmm ()
|
| RS R4 Y6 R7
O|=1/1===1/ === |=======mmmmmm- ()
|
| Y4 Y2 YO0 R8
L0 (=1 /|===1/]===] |========mmmmm= ()
|
| Yo Y4 Y2 R9
11]=| [===| |===| |========mmmm ()
|
| R6 Y4 Y2 YO R1
12[=| |===1/]===|/]=======m- 1 /1== ()
|
| R6 R8 R1
13]=| [===| |=====mmmmmmm oo ()
|
| R4 Y6 R1
14]=| |===|/|====mmmmmmmmmmmmm - ()
|
| RS Y6 R1
15[ =] [===|/|=====mmmmmmmmmmm o= ()
|
| R6 Y4 Y2 R1
161=| [===1/]===] |========m==m- ()
|
| R6 Y4 Y2 R1
170=] [===| |===|/|===m=mmmmmm= ()
|
| R7 Y4 Y2 R1
181=| |===1/|===|/|====mmmmmmmn ()
|
| RO6 Y4 Y2 R1
190=] [===| [===| |===========m- ()
|
| R7 Y4 Y2 R1
200=1 |===1 |===|/|======mmmmmmm- ()
|
| R7 Y4 Y2 R1
211=1 |===1/]===] |======mmmmmmm- ()

1023]1--

|X0 is START pushbutton.

|X1 is normally closed STOP
|pushbutton.

|

|

|

|X25 is frequency input from
|variable frequency power supply.
|0..60 Hz 0..5V

|

|

|Generate a square wave T31 with
|0.01 second ON and 0.99 second
|loff each cycle.

|

|

|R31 pulses every second on the
| second.

|

|The following will be scanned
|lexactly once per second.

|

| (R5,R4,Y6,Y4,Y2,Y0)
|the state diagram.
|
IR6,
|

|
|R8 means only Pump 1 is on in
|state R11, R12 or R13.

|

|IR9 means Pumps 2, 3, 4 all ON
|in state R20, R21 or R22.

|

|[R10, R11, ..., R22 are the
|individual states in the state
|diagram.

is state in

R7 are rows of states.



| R7 R9

221=| |===| |===mmmmmmmmmmmmmoo-
|
| R4 R9

231=1 |===| |=mmmmmm e
|
| RS R9

24]=| |===| |===mmmmmmmmmmmmoo-
|
| R14 R15 R16

250 =1/ 1===1/ ===/ | ====mmmmmm ===
|
| R17 R18 R19

261=1/1===1/1===1/|======mmmmmmmn
|
|

27 | == mm e
|
|

28| === m e m e
|
| R31

290 =/ | ===mmmmmmmmm oo
|
|

30| mmmmmm e
|
| R8 R29 R31

BLI=1 === |===| |====m=mmmmms
|
| R24 R29 R31

320=1/1===| |===| |=======mmmmm-
|
| R25 R29 R31

331=1/ === |===| |====mmmmmmms
|
|

34| mmmm
|
| RO R31

3501 |===| |=mmmmmmmmmm e
|
| R25 R31

3611/ 1===| |====mmmmmmmmm e
|
| R24 R31

371 =1/1===| |====mmmmmmmmmmmm -
|
| R14

38 =] |mmmmmmmmmmmm e
|
| R15

39 =] |=mmmmmmmmmmmm e
|
| R16

40 =] |=mmmmmmmmmmmmm e
|
| R17

A1) =] |==mmmmmmmmmmmmm o
|
| R18

42 =| |mmmmmmmmm e
|
| R19

43 =| |=mmmmmmmmmmmm e

Cco

co

T16
(7200) ———-

T17
(7200) ———-

) —_—

T19
(7200) ———-

T20
(7200) ———-

T21
(7200) ———-

|R24 means not in state R14,

IR15 or R16 (1 large pump ON)
|

|R25 means not in state R17,

IR18, R19 (2 large pumps ON).
|

|C8 is the frequency

|

R29 means C8 >= 50 Hz.
|

| X24
|A24

1400

is from pressure transducer
pressure 0...1023.

is pressure lower limit.
|R31 means A24 < lower limit.
|T24 means small pump has not

| supplied enough pressure for 15
| seconds.

|T25 means 1 large pump is still
|not giving enough pressure for
|15 seconds.

|T26 means 2 large pumps are
|still not enough.

|

|500 is pressure upper limit.
|[R31 means A24 > upper limit.
|T27 means pressure has exceeded
|[upper limit for at least 10

| seconds with 3 large pumps on.

| T28 means with 2 large pumps on
|for 10 seconds, pressure still
|exceeds upper limit.

|T29 means pressure is still too
lhigh with just 1 large pump on
lafter 10 more seconds.

|

|T16 means we have
|(0,0,0,0,1,0) for
|

|T17 means we have
| (0,0,0,1,0,0) for
|

|T18 means we have
| (0,0,1,0,0,0) for
|

|T19 means we have
/(0,0,0,1,1,0) for
|

|T20 means we have
| (0,0,1,1,0,0) for
|

|T21 means we have
|(06,0,1,0,1,0) for

in State
seconds.

been
7200

in State
seconds.

been
7200

in State
seconds.

been
7200

in State
seconds.

been
7200

in State
seconds.

been
7200

in State
seconds.

been
7200



| |
| R15  T29 R30 RS |

44| -] |=-==] |=-====—= Fm————— | == ( )=—====== |State (R5,R4,Y6,Y4,Y2,Y0)
| | |[transition logic must be figured
| R19 T26 | lout by referring to the state
45|-| |=-==1 |=-====-- ! |diagram.
\ | |
| R22 T27 | |
461=| |===1/|-=====- ' |
\ | |
| R13  T24 | |
470 =1 |===1/|======~ ' |
\ |
| R14 T29 R30 R4 |
8- |-—-=1 |-====—- Fo—————- [ |==()-====—= IR30 has to be on to enable
\ | |transition to non-home state.
| R18 T26 | |
491=1 |===| |======- ' |
\ | |
| R21 T27 | |
501=| |===1/|======~ ' |
\ | |
| R12 T24 | |
511=1 |===1/]-=====- ' |
\ |
| T26 T19 R26 |[R26 is temporary relay to save
52[=|/1=-==1/|-=======————— - ()-—————- |logic.
\ |
| T25 T17 R27 |[R27 is temporary internal relay.
S531-1/1=-==/]-===========——— === ()——==——- |
\ |
| R17 R26 R30 Y6 |Y6 outputs to Pump 4.
541=| |===1/|-=====- Fommmmm R O |
\ | |
| R15 R27 | |
550=| |===1/|-=====- ' |
\ | |
| R16 T29 T18 | |
S56|-1 [-=—=I/1-—=1/1-"
\ | |
| R19 T28 T21 | |
S571=1 |==—=1/1=-=—1/1-"
\ | |
| Y6 Y2 R22 | |
581-1 === |-==1/1-"
\ | |
| R22 T27 | |
591=1 |===1/]======- ' |
\ | |
| R13 T24 | |
601=1 |===1 |======= ' |
\ |
| T25 T16 R26 |[R26 is temporary with a
6L/ |-==1/|-=====————— = ()———————- |different meaning here.
\ |
| T26 T21 R27 |So is R27.
621 =1/ |===1/|=====mmmmmmmm e ()====mm- |
\ |
| R14 R26 R30 Y4 |Y4 outputs to Pump 3.
631-1 |-—=1/|-====-- tom————- [ == )======
\ |
| R15 T29 T17 |
6411 |===1/1-==1/1-"

\ |
| Y4 Y2 R21 |

|
|
|
|
|
651=1 |===1 |-==1/1-" |



| R19 R27 |
661 |-—=1/|-—===-- !
\ |
| R18 T28 T20 |
671=1 |-—=1/1-=-=1/1-"
\ |
| R21 T27 |
68— |-—1/|-—===-- !
\ |
| R12 T24 |
69— |-——| |-————- !
\
| T25 T18
A e I I T
\
| T26 T20
I e I I 1
\
| R19 R21 R22
T21=-1/1=-==1/1-==1/|-=============
\
| R11 T24 R30
T31=1 === |=====—~- Fomm———- [ 1=-=(C)
\ |
| R14 T29 T16 |
T41= |===1/1=-==1/1-"
\ |
| R17 T28 T19 |
T50=| [===1/|-==1/1-"
\ |
| R16 R26 |
Tel-1 ===/ ]-====== !
\ |
| R28 |
A R A '
\ |
| R20 T27 |
78|=1 ===/ -====—~ !
\ |
| R18 R27 |
791=1 |===1/|-====—= !
\
| R10 R30
80— |-—=—=—- Fommmm - [ 1==()
\ \
| R24 T29 |
8LI-1/1--=1 |-"'
\ \
| RS T24 |
82— [-—=1/1-"
\
| R29 Y0
83[-1 |-+-] |[-======————————————-
\ \
[ YL |
g84(-1 |-
\
| R29 Y2
85(-1 |-+-] |-======————————————-
\ \
| Y3 |

86—

Y0 outputs to small Pump 1.

|Y1l turns on after variable power
| supply reaches 50 Hz.

|

|

|

|

|Y3 switches Pump 2 to line power
|lafter it has been started by
|the variable frequency power

| supply.

|



|
| R28 Y4 Y5

87— |=t=] |======———mmmmmm oo ()=—=== |power.

\ \ |

| Y5 | |
88— [-' |

\ |

| R28 Y6 Y7 |Y7 switches Pump 4 to regular
89— |-+-| |-—m————— - ()-———- | 3-phase power.

\ \ |

| Y7 | |
90 -1 I-" |

\ |

| T22 T23 |Generate clock T23 that cycles
91| ~|/|=====——mm - (300) |300 seconds off and 300 seconds

\ lon per 10-minute cycle.

| T23 T22 |
921~ === (300 |

\ |

| T23 R93 R26 |[R26 pulses once per 10 minutes.
93| =] |===|"|=mmmmmmmmmmmm e ()======

\ |

| R26 |Do the following only once per
94 |- |/|-—=——————mmmm e (J)-——-- [10 minutes.

\ |

| C23 Y8 |Whenever C23 is 0, turn on Y8
95]-] |-====———m—mm e ()---- |to exercise equipment.

\ |

\ C23 |Count down C23 every 10 minutes.
96| ——————m-mmmm oo ()-——- |

\ |

| C23 c23 |[When C23 reaches 0, reload it
971=| === [2160]----|with 2160 (= 15 days).

|Y5 switches Pump 3 to regular



