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Migration and redesign of the control system for the process of synthesis and unload of liquefied petroleum gas

Al. User manual

This is a user manual for the Experion HS control interface of the LPG synthesis and unload process.

e  When you open Experion HS, you must enter your user name and password with access
permission to the Experion system in order to control the process. The user manager can
configure the permissions and users of the system in the CONFIGURE window (Indicator 1 in

Figure 2).

Honeywell

EXPERION HS

Station Logon

( ?x Please type your user name and password

User Name: [oper |

Password @@ e |

0K Cancel Options >>

€ station - Default - Startup Page(s

STATION  EDIT  VIEW CONTROL ACTION CONFIGURE HELP LF'G. ]
sl A &K 3O x> D i A v & ZoomTo Fit = | Command

Figure 2 Experion HS Toolbar (Source: Experion HS)

e From the tabs on the top bar, the LPG tab (Indicator 2 in Figure 2) must be selected to access
the main process control display. A specific display can also be accessed by typing the file name

in the Command box (Indicator 3 in Figure 2) and pressing enter.
e If you wish to access the detail screen of a point, you can double click on the figure of the
display representing the point, or type the name of the point in the Command box and click

on the search loupe (Indicator 4 in Figure 2).

e To access the alarm control screen, press the triangle (Indicator 7 in Figure 2)
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The navigation arrows (Indicator 5 in Figure 3.79) can be used to return to a previous,
posterior, upper or lower screen. To refresh a display, press the circle with arrow (Indicator 6
in Figure 2).

To manually control the system devices, click on them and select the Manual mode (Indicator
1 of Figure 3), then the desired value can be given by modifying the OP value (Indicator 2 of
Figure 3).

HV_1
BUTANE Automatic
Vale

Figure 3 HV_1 control faceplate (Source: Experion HS)

To start an automatic unload, you must first write the configuration data of the unload. First
choose the percentage of butane of the unload (Indicator 1 in Figure 4), then determine the
unit of quantity to unload (Indicator 2 in Figure 4) and last write the desired quantity of product

(Indicator 3 in Figure 4).

LPG Unload Control

Ratio SP (Butane %):
Total Load SP:

Total Butane Load: Kg

Total Propane Load:

Status:

> Il & _ bie

Figure 4 LPG Unload Control box (Source: Experion HS)

UNIVERSITAT POLITECNICA DE CATALUNYA
BARCELONATECH
Escola d’Enginyeria de Barcelona Est



Migration and redesign of the control system for the process of synthesis and unload of liquefied petroleum gas

e When the previous setting is right, the Play button can be clicked (Indicator 4 in Figure 4). If
during the unload, you want to pause the unload or stop and reset the unload settings to O,

click the buttons PAUSE and STOP respectively (Indicator 5 and 6 in Figure 4 respectively).

e While unloading, you can consult the graph of the quantity of product unloaded in the right
lower part of the display. You can configure the lower and upper limit of the graph by editing
its value (Indicator 1 and 2 in Figure 5 respectively), to move through the time base you must

configure the time and date of the graph's Y axis (Indicator 3 in Figure 5).

SP: 60.00 % SP: 200.00 Kg \

9 . AN
— AR
i s AR
] i

BiSAQOPM  |27-Sep-19 = || 5:57:25 P ——

o

Total loaded: 0.00 Kg

Figure 5 Unload control graph (Source: Experion HS)

e To access the PID control graph of the automatic butane or propane regulating valve, double-

click on the respective PID Config buttons (Indicators 1 and 2 in Figure 6 respectively).

Temp|rv| 3218 °C
pres [%°| 354 bar| [0p[ 24.51 %)

sP
~[ 357 bar [Pv] 2451 %)

M PID Config

Temp 36.54 °C
1311 bar|  [0°] 2061 %)

12,99 bar| || 20.61 %)

29|2

Pres

HV_2
SM P2 oM

Figure 6 Main LPG control display example (Source: Experion HS)
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The simulation configuration can be accessed by clicking on the button at the right side of the

display. In the pop-up, the simulation variables of the devices can be activated individually

(Indicator 1 in Figure 7) or they can be activated or deactivated all together (Indicator 2 in Figure

3.84). Clicking the lower buttons activates the butane and propane simulations (Indicators 3

and 4 in Figure 7 respectively).

SIMULATION

Control Panel

Devices Simulation: C)

BUTANE Simulation: @

Individual Configuration:

Hv_1 EYNeYH -] Hv_2 VRN -

P 1 P2

RV_1 Rv_2 BYIeEE -1
Hv_3 BN -1

PROPANE Simulation: @

Figure 7 Simulation control panel (Source: Experion HS)

Once the unload is finished, to access the Unload Report, click on the button that will appear

above the control buttons (Indicator 1 in Figure 8). In the popup, you can visualize the

information related to the unload, to return to the idle state you must press the Okay button

(Indicator 1 in Figure 8) and then close the popup.

End Unload Report

20059  Kg

59.95 %
0:01:02

Total GLP Load:
Load GLP Ratio:

Load Time:

LPG Unload Control

Ratio SP (Butane %): 60.00 %
Total Load SP: 200.00
Total Butane Load: 12000 |Kg
Total Propane Load: 80.00 Kg
Status:
| LPG Unioad Report | FNISHED |

Figure 8 Unload Report (Source: Experion HS)
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Migration and redesign of the control system for the process of synthesis and unload of liquefied petroleum gas

A2. ControlEdge Builder program

Determination of exact quantities to be unloaded of each product,

GLP
1,0000000E +003

GLP P
1.0000000E +002
1000

MC_t

489093IEFT02
M_SP_L

1.0000000E +003

MG 2

0, 0000000E +300
M_Sp_2

0, 000000TE #0100

5Pt
1. 0000B00E +00%

5P 2
0, GA0GB00E +000

M_SP_1. SP_1¥ES
1.0000000E +003 1
0.0

M_SP_2. SP_2 YES
D.DDDDDDDEEDDDD a

5Pt 5P 3
10000008 +T03 1.6000600E +003

M5 2
0.0000005E +D00

Unloading time calcul ation .

Conditions to start the process,

GLR_A
L0000000E FO0Z
[

PROCES _OFF.

FINISHED
EMD_TOTAL 2

TIME_LPG

R_TRIG_11

1.329100E+002

E P
1.5229100E +002

Finishing Configuration

Check end of product loading.

R_TRIG_13

TIME#EE.

Reset unload sets,

F_TRIG7

Conditions to finish the process,

DEVICES_OFF-

F_TRIG 4

DEVICES _OFF-
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LP_

10000000E +003
GLR_A

1.000000CE +003
00

LP_P
1.0000000E +002

GlR P
1.000000CE +002
00

TIME #Es

0.000,

Repaort activation control,

R_TRIS
END_TOTAL 2 ERORT
[ o
DONE TRUE:
o
REF GRT
[
FaLSE
ToM 32 R_TREG 12

IDLE.
TIME #1s
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Check if the pumps
are available.

5P 1
LONODGTE +Ti3

TP_1PY

Alarms and Lockings

Check if the required valves
and pumps are available.

Check if the source Erks e able to unload.

SP_1 YES
1
ALRV_1
SP_1YES I L 0
1 0 ALRY 1P R 1
PL_LPV. 0 -
3 ]
=P_1 YES
1
AlHY_
[]
SP_2 YES M 2
[ 0
PL_2PY
0 SP_1 YES
1
AR ALP_1
0
TP_1 P
0
andog inputs alams.
T
0
SP_2 YES
AlHY_
[]
SP_2 YES
0
ALP2
TP_2 PV
0

vierification if the necessary
unloading line is operating caorrectly.

R_TRIG &

TON_13

PRV 2 AL

Check iff the necessary devices are closed.

PRV_LPV.
0.000M00E+ D0
0

EVICES_CFF-
0

r
f
{

0

Process shutdown conditions,
SP_1_VES-

SP_2_VES
0

PRY 2PV
0.00mOE+D0
0.0,
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Migration and redesign of the control system for the process of synthesis and unload of liquefied petroleum gas

Devices Simul ation contral,

SIM_START SET1
RESET

Simulation

DEVICES

Devices Simulation adivation

SIM_RLUIM
1

——SIM_START
0

L =ir_sTOR
-0

SIM_START — TMD
0
FASE— M1
TOM 5 e
(TSEL)
G
SIM_STOP — MO
0
FASE— M1
— ’
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IM1

IO

IM1

IMHD

IM1

4 |

IMO

TRUE—

IM1

|

TRUE—]

IMO
IM1

4

IMHOD

TRUIE—]

IM1

i

IMO

TRUE—]

IM1

L p 1 5Im
1

L p 2 sIm
1

LRy 1 5IM
1

Ry 2 oM
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Simulation BUTANE

Set of the initial ambient pressure.

T_1PY

4.0138192E +000
PT_LRV.

£ I3ELEE00

Temperature variation with pressure,

R_TRIG_1

SIM_BUIT.
PLCMODE_RUM

SIM_BUT
1

TT_LPW- T_1PY
2E021673E 4001 2 E081672E +I01

TIME#2s

Setof the initial pressure of the source tank.

R_TRIG3

T_LPY
40135 192E +000

PT_LRV.
SaLEZe H000

PT_LPV.
4013613% +000
60

First-degree overdamped syste|

T LR
4.0138197F 4000 Written pressure value every 10s.

R_TRIS6

PT_1_0-

o BT LR
ADISETEE 000 4.0138192E +000 AT 10
4.T3EPH1E +000

BT_1.0.
40136781E+000

401381575 +000

Checking the opening of the
unloadingline 1.

wiolumetricflow variation with

RY_1 opening percentage, S gL T_LPY
1 2.0042974E +001

FT 1P
2.004207FE +001

F\rst—degreg overdamped system.

R 1AL
25113424 +001
100.0.

Pressure variation with
RW_1 opening percentage.

T 1Py

407381926 +000
PT_1P

4012319 +00

1
2.5113434E +001 DEN_1
100,01 5 5977EE2E 102

FT_LPy—s
2.0042975E +001
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Simulation PROPANE

Set of the inibal ambient pressure.

SIM_PROP
PLCMODE_RLN.

T 2P
1.0000000E +000

R_TRIG_IS

Termperature variation with pressure,

R_TRIG_16

- SIM_PROR
PLCMODE RN

SIM_PROP
1

T 2P TT 2P
2 S000000E +001 2 SA000N0E +00

TIME#2:.
0,000,
250

Setof the inttial pressure.of the source tank.
R_TRIG_I7

T 2P
1.0000000E +000

Fl_rst—degree owe rdamped system.

Writken pressurevalle every 10s.
2P TON 78 R_TRIG_18 . .

P12,
1.0000003E +000

T2
1.0000000E +000

X BT 2 0
1.0000000E 000

PT 20
£ PT 2P
1,0000000E 00 o OG0 000

10000003E +000

Checking the opening of the
unloadingline 2.

PRI _2_ALY
L0000 00

volumetric ow variation with
RW_2 opening percentage.

STM_PROP

FT_2.Ph
0,0000000E +000

T2y
0.0000000E +000

00000000 +000
1000

Pressure variaion with
RV_Z2 opening percentage,

PRY_Z_ALLX
0.0000000 -+000
18 PT 2PV
10600000E +000
BT 2 PU.
10000007 +000

PR 2 ALK
0.0000000E +000 L
100,01 4925002 1E-+002
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Process Status Word

"Return of commmands to idle
position after activating them.

TR 16

P
1.0000000E 003
X 0.0

STOR_O
0

TIME#1s
RN .

1
DEWICES OFF-
o

O

F_iRIG 3

staTus
2

F_TRIG &

Status word management,

RLM.
1
TIME#1s

PALISE.
TIME&D. 15

STATUS
H

STOP S
TIME#D 23

START.
a

REPCRT.
a

Status wariables set.

STATUS:.—IDLE STATUS:.—STARTING
STATUj:.—V STATUS:.—STODPING

10

ALISIMG

STATUS

)
&

ESTARTING  STATUS IMISHED

o
7
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Analog Inputs

TT 2 HWDACA

FT_2_HWDACA TT_I_ HWDACA

FT_1 HADACA

PRV _2_HWDACA

PRY_1_HWDACA *

T_2_ALKMAL
10B0G000E +000

T_L_ALK.WAL
1.0000000E +000

1p 1
4.0138192E +000

T_L_ ALK ELHIE

e 200 T _2_ALIN.EUHIER

0.0000000E +000 I0T000E +000

HWALRZPY 2

T_2_AUKEULOEY

HWALRPY_1 . : :
T_L_ALEEULDER
0.0000000E +000 0.0000000E +000

T_L_ALEEUHD 20 T_2_ALLELIHT
2.0000000E +001

2/0000000E +301

T_L_ALKLELLS
i PT_2 HWDACH T_2_ALKELILD
e T 0,0000000E +000

0000
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Valves Devices Configuration
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SP_1_YES—]

P MO_LCK— o TRUE—]

PROCE S_OFF. -
FaLsE—]
END1_L
]
TT_1.P4
608 1673E 101

2.0 0,00 163555 —

TT 2.PW
2 S0B0DIOE 001

TT_1.PYv—]
3 6031673E +001
110133

-0.00402E4E—

TT 2. P—]
2 5000000E +101
139879

HS Py
RDY  PWST
Farward

FIF  OFST o
Fanward

PIR LK =
1

=1 CMF o

SAFECP UM o

_1_P

Pumps Devices Configuration

(TEEL
=}
Sp_z_YES—] IND
- TRUE—] IM1
P2 MO LCK—
——
(TEEL
G
MO
PROCES_OFF.
FALSE— IH1
EMD_Z 1
Se—

1
=1 CMF e

Totalisers and Flow Configuration
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Density calcul ation from
the fluid termperature.

.Massic How inkg. per minute,

M1 FT_L.Pw
5 59775EZEH 2.0042375E +001
. DEM_1

& BSFFSEE HINZ

M2
4925002 1E +14¢

FT 2Py
1,0000000E +100
DEM_2

4, 9250021E 4102

F_1
1.8699290E +002

F_2 ’
0.0000000E +000

13
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Calculation of unloaded mass, integrating
the mass flow (ka/s) rate in cycles of 100ms.

HWTOTALIZER L

3116547 3E 000
00,0000000E +000

01,0000000E +000

TOTALS 1. Tor
48909332E +002
TOTALS LG _Con
1 0000000E +000
TSTALS 1.4TD)
4 BA0IEEIE +002
TOTALS_1.0LD:
0 000000 +000
TOTALS _1.GTH
2 909T32E +002
TOTALS 16LH
0000000 +000
TOTALS_LQTM
4 8909TZE +002
TOTALE_L QLM
1 Q000TE +000
TOTALS_1.QTP
4 B903EEIE +O02
TOTALS L
10000060 +000

HWTOT_IREAL TO REAL 1

TOTALS 1

TOTALS_|

Loaded percentage
compared to SP.

SP_1YES
1
P2 YES
[

100.0-

M
4 FA033IEHT0E

MC_2
0,0000000E 500

TOTALS_1.Q_Tot
TOTALS_1._Con
TOTALS_1.QTD
TOTALS_1.OLD
TOTALS_1QTH
TOTALS_1QLH
TOTALS_1.QTH
TOTALS_1.0LM
TOTALS_1.QTP
TOTALS_1GLP

TOTALS 1 SCADA

SCADA.Q_TUL—-—MC_l

Fana3EIE+002 4 8909332E +002

TOTAIS}}CADA.QJM—-—MC}
0.0000000E+000 0.0000000E +000

.| +0
o UUUUUUUE&D.UDUU HWTOTALISER 2

10.0000000E +000
01.0000000E +000
01,0000000E +000

EMD_2
FINSHED-
o

M_SP_2
0.0000000E +000
0.0

TOTALS 2,0 Tat
0L000H0GE +000

TOTALS 2.6_Tot
TOTALS 2.0 Con
TOTALS 2.0TD

0.0000000E +000

TOTALE 2.0l TOTALS_2.QlD
0,0000000E +000

TGTALS_2.GTH TOTALS 2.GTH

0.0000000E 4000
TOTALS 2.
000000G0E +000
TOTALS_2,5Th
9.00000E 000

TOTALS 2.GIH

TOTALS_2.0TM

TOTALS 2.0
0 000BIAGE +000

TOTALE_2.QTR.
0.0000000E +000
TOTALE 2, ToTALS 2.QP
0L00000T0E +000

HWTOT_LREAL TO_REAL 2
TOTALS 2 TOTALS 2_SCADA

Total LPG unloaded.

MG 1 C 3
4GA9IIZE +I02 4, BAT3332E +O02
M2

0.0000000E +7100

Instant LPG Percentage caloulatian,

P
4,5M9332ZE+001

<P
1.0000000E +002

MC_L.
4.8909332E +002

R_TRIG_14

EMD_TOTAL

TOM_ 22 R_TRIG_I0

MC_P_END-
1.000050AE +002

MC_P
1.0000000E +002

Data saving before

: MG 3
4.FI05E2E A2
1E_2_END- totalizer reset.
. 4.890932E HI02

R_TRIGS

TIME#0, 15 MC_2E
4.3303532E +002

439033326 +002

14

I F
1,001

+3909332E +002

EMD
00E+002

F_TRIG 9
48909332 +002
0.0.

C_P_END
1.0000D00E +i02
MC_P_END:
1.00D0T00E +002
0.0

EMD
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Control PID BUTANO

Calculation of butane vapour pressure
relative to butane temperature,

TSP L
TP 3.6709939E +000
BTN Presidn extra de sequridad .01

Implementstion of the PID regulation systerm.
Regulation of the valve to obtain the desired pressure.

R_TRIG 4 SR TO_1d
RLRN 0_PID_L . CRwd .
1 L
SP_1_VE TIME#0 55 MD_PIC_L
0.500, 1
! . = PRC_1.OP
25113324E+001
I D_PID 1
1
PT SR TSPt
e e 3,8789993E 000 3 8TR9THE +000
SIM_BUT. OPRC _1_MANLIAL ’ OPRE_{ MAMIA BRe. 1 MANUAL
B 25113424 +001 2.5113424E +001 2 EU3EAE +001
50 .
R_TRIG_?
D1
3 BTEYTAIE +000 PLEMODE_RUN
o
PT_SP_1
3,8739993E 4000
RU_1_SIM R _1_ALK
1 2E113424E+001
PRV 1Py
oot or
PRY_1_ALIK _L
2.5113624€ +001 25113423 +001
CPRE_1.0P
2 51134236 +001
5.
1 ALK,
2511384 001

OPRC_1.OP

25 001 PID_t _TIMED UT-

Control PID PROPANO

Calculation of propane wapour pressure
relative to butane temperature,

TSP 2
- TR 1.0000000E +000
2s00m00E 001 Security entrs prassure .01

Implem entation of the PID regulation system.

Regulation of the walwe to obtain the desired pressure,
R_TRIG_20 X ToN 3L .

RLMNH
SP2_VE . TIME #0155 MD_PID_2
0,000, 0
1

. P . © PTSPZ TSP
F_TRIG 21 1.00000G0E F00 1.0000000E +100
Al PRC_2_MANIAL PR _2_MANAL SPRC _2_MANUAL
0.0000000E +000 . 0ARGDDNOE +00 0.0000300E +000
RUMNING SIM_PROF OFRC_2_MAHLIAL
1

RY_ 2
CFD_: HIWAS 2
o

OPRE 2P
1.0000700E +000

OOO0E +000
5.0

D 2 R_TRIG_13
- 0.0030800E +000 .
i PLEMGDE_RUM.
[l

PT_SP_2
1.00000G0E +0]

RV_2_SIM R 2 ALK
. 0.0060000E +000
0.0000003E +000

GPRC_2.0P 0000000 +000

0, C0000GTE +000
5.0

PRY_2_ALIX.
0.0000800E +000

2 ALK
0.0000000E +000

OPRC_2.0P
0.0000000 =000

PID_2_TIMEOLIT
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Global and 1/0O variables table:

Name Type Usage Description Address
ALHV_1 BOOL VAR_GLOBAL | BUTANE automatic valve general alarm
ALHV_2 BOOL VAR_GLOBAL | PROPANE automatic valve general alarm
ALHV_3 BOOL VAR_GLOBAL | UNLOAD automatic valve general alarm
ALR_1 BOOL VAR_GLOBAL | BUTANE unload alarm valve failure
ALR_2 BOOL VAR_GLOBAL | PROPANE unload alarm valve failure
ALRHV_1 DIGITAL_INPUT_TYPE VAR_GLOBAL | BUTANE automatic valve Alarm %I1B242
ALRHV_2 DIGITAL_INPUT_TYPE VAR_GLOBAL | PROPAPANE automatic valve Alarm %IB244
ALRHV_3 DIGITAL_INPUT_TYPE VAR_GLOBAL | UNLOAD automatic valve Alarm %IB246
ALRV_1 DIGITAL_INPUT_TYPE VAR_GLOBAL | BUTANE Regulator Valve Alarm %1B266
ALRV_2 DIGITAL_INPUT_TYPE VAR_GLOBAL | PROPANE Regulator Valve Alarm %1B268
B_AVAL BOOL VAR_GLOBAL | Pumos not avaliable
CHvV_1 DIGITAL_INPUT_TYPE VAR_GLOBAL | BUTANE automatic valve closed indicator %1B276
CHvV_2 DIGITAL_INPUT_TYPE VAR_GLOBAL | PROPANE automatic valve closed indicator %1B278
CHvV_3 DIGITAL_INPUT_TYPE VAR_GLOBAL | UNLOAD automatic valve closed indicator %1B280
CP_1 DIGITAL_INPUT_TYPE VAR_GLOBAL | BUTANE pump confirmation %1B282
CP_2 DIGITAL_INPUT_TYPE VAR_GLOBAL | PROPANE pump confirmation %IB284
ESD DIGITAL_INPUT_TYPE VAR_GLOBAL | Emergency Shutdown %IB240
FINISHED BOOL VAR_GLOBAL | Status 7
FT_1 ANALOG_INPUT_TYPE VAR_GLOBAL | BUTANE flow rate %IB0
FT_2 ANALOG_INPUT_TYPE VAR_GLOBAL | PROPANE flow rate %IB24
GLP_A REAL VAR_GLOBAL | Setpoint of total LPG quantity
GLP_P REAL VAR_GLOBAL | BUTANE Percentage in LPG
HV_1_MD BOOL VAR_GLOBAL | BUTANE automatic valve Operating mode
HV_1_NO_LCK BOOL VAR_GLOBAL | BUTANE automatic valve interlocks deactivation

Open BUTANE automatic valve order in MANUAL
HV_1_OP BOOL VAR_GLOBAL | mode
HV_1_PV INT VAR_GLOBAL | BUTANE Automatic Valve Status Indicator
HV_1_SIM BOOL VAR_GLOBAL | BUTANE Automatic Valve Simulation Activation
HV_2_MD BOOL VAR_GLOBAL | PROPANE automatic valve Operating mode
HV_2_NO_LCK BOOL VAR_GLOBAL | BUTANE automatic valve interlocks deactivation

Open PROPANE automatic valve order in
HV_2_OP BOOL VAR_GLOBAL | MANUAL mode
HV_2_PV INT VAR_GLOBAL | PROPANE Automatic Valve Status Indicator
HV_2_SIM BOOL VAR_GLOBAL | PROPANE Automatic Valve Simulation Activation
HV_3_MD BOOL VAR_GLOBAL | UNLOAD automatic valve Operating mode
HV_3_NO_LCK BOOL VAR_GLOBAL | UNLOAD automatic valve interlocks deactivation

Open UNLOAD automatic valve order in MANUAL
HV_3_OP BOOL VAR_GLOBAL | mode
HV_3_PV INT VAR_GLOBAL | UNLOAD Automatic Valve Status Indicator
HV_3_SIM BOOL VAR_GLOBAL | UNLOAD Automatic Valve Simulation Activation
IDLE BOOL VAR_GLOBAL | Status O
LOW_M_1 BOOL VAR_GLOBAL | BUTANE source tank low pressure indicator
LOW_M_2 BOOL VAR_GLOBAL | PROPAANE source tank low pressure indicator
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M_P REAL VAR_GLOBAL | LPG percentage of loaded mass in relation to SP

M_SP_1 REAL VAR_GLOBAL | Desired BUTANE Quantity (Mass)

M_SP_2 REAL VAR_GLOBAL | Desired PROPANE Quantity (Mass)

M_SP_3 REAL VAR_GLOBAL | Total LPG set point

MC_1 REAL VAR_GLOBAL | BUTANE total unloaded mass

MC_2 REAL VAR_GLOBAL | PROPANE total unloaded mass

MC_2_END REAL VAR_GLOBAL | Total GLP Load at instant 'i'

MC_3 REAL VAR_GLOBAL | LPG total unloaded mass

MC_P REAL VAR_GLOBAL | LPG total percentage

MC_P_END REAL VAR_GLOBAL | Total GLP Ratio at instant 'i'

MD_PID_1 INT VAR_GLOBAL | BUTANE PID Operating mode

MD_PID_2 INT VAR_GLOBAL | PROPANE PID Operating mode

MF_1 REAL VAR_GLOBAL | BUTANE mass flow

MF_2 REAL VAR_GLOBAL | PROPANE mass flow

OHV_1 DIGITAL_INPUT_TYPE VAR_GLOBAL | BUTANE automatic valve open indicator %IB270

OHV_2 DIGITAL_INPUT_TYPE VAR_GLOBAL | PROPANE automatic valve open indicator %IB272

OHV_3 DIGITAL_INPUT_TYPE VAR_GLOBAL | UNLOAD automatic valve open indicator %IB274

OPHV_1 DIGITAL_OUTPUT_TYPE VAR_GLOBAL | BUTANE automatic valve open order %QB10

OPHV_1_READBACK | DIGITAL_OUTPUT_READBACK_TYPE | VAR_GLOBAL | BUTANE automatic valve open order %1B252

OPHV_2 DIGITAL_OUTPUT_TYPE VAR_GLOBAL | PROPANE automatic valve open order %QB11

OPHV_2_READBACK | DIGITAL_OUTPUT_READBACK_TYPE | VAR_GLOBAL | PROPANE automatic valve open order %1B254

OPHV_3 DIGITAL_OUTPUT_TYPE VAR_GLOBAL | UNLOAD automatic valve open order %QB12

OPHV_3_READBACK | DIGITAL_OUTPUT_READBACK_TYPE | VAR_GLOBAL | UNLOAD automatic valve open order %1B256

OPRC_1 ANALOG_OUTPUT_TYPE VAR_GLOBAL | BUTANE Regulating Valve Position order %QB0
Position BUTANE regulating valve order in

OPRC_1_MANUAL | REAL VAR_GLOBAL | MANUAL mode

OPRC_1_READBACK | ANALOG_OUTPUT_READBACK_TYPE | VAR_GLOBAL | BUTANE Regulator Valve Position order %1B192

OPRC_2 ANALOG_OUTPUT_TYPE VAR_GLOBAL | PROPANE Regulating Valve Position order %QB4

OPRC_2_MANUAL REAL VAR_GLOBAL | Position PROPANE automatic

OPRC_2_READBACK | ANALOG_OUTPUT_READBACK_TYPE | VAR_GLOBAL | PROPANE Regulator Valve Position order %1B216

ORP_1 DIGITAL_OUTPUT_TYPE VAR_GLOBAL | BUTANE pump run order %QB8

ORP_1_READBACK DIGITAL_OUTPUT_READBACK_TYPE | VAR_GLOBAL | BUTANE pump run order %1B248

ORP_2 DIGITAL_OUTPUT_TYPE VAR_GLOBAL | PROPANE pump run order %QB9

ORP_2_READBACK DIGITAL_OUTPUT_READBACK_TYPE | VAR_GLOBAL | PROPANE pump run order %1B250

P_1 MD BOOL VAR_GLOBAL | BUTANE pump Operating mode

P_1_NO_LCK BOOL VAR_GLOBAL | BUTANE pump interlocks deactivation

P_1_OP INT VAR_GLOBAL | Run BUTANE pump order in MANUAL mode

P_1 PV INT VAR_GLOBAL | BUTANE pump Status Indicator

P_1_SIM BOOL VAR_GLOBAL | BUTANE pump Simulation Activation

P_2_MD BOOL VAR_GLOBAL | PROPANE pump Operating mode

P_2_NO_LCK BOOL VAR_GLOBAL | PROPANE pump interlocks deactivation

P_2_OP INT VAR_GLOBAL | Run PROPANE pump order in MANUAL mode

P 2 PV INT VAR_GLOBAL | PROPANE pump Status Indicator

P_2 SIM BOOL VAR_GLOBAL | PROPANE pump Simulation Activation
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PAUSE BOOL VAR_GLOBAL | Pause Process Order
PAUSED BOOL VAR_GLOBAL | Status 4
PAUSING BOOL VAR_GLOBAL | Status 3
BUTANE automatic regulating valve SP mode
PID_1_SP REAL VAR_GLOBAL | PID_1
PID_1_TIMEOUT BOOL VAR_GLOBAL | BUTANE regulating valve Timeout indicator PID_1
PROPANE automatic regulating valve SP mode
PID_2_SP REAL VAR_GLOBAL | PID_2
PROPANE regulating valve Timeout indicator
PID_2_TIMEOUT BOOL VAR_GLOBAL | PID_2
PL 1 DIGITAL_INPUT_TYPE VAR_GLOBAL | BUTANE tank low pressure indicator %1B258
PL_2 DIGITAL_INPUT_TYPE VAR_GLOBAL | PROPANE tank low pressure indicator %1B260
PROCES_OFF BOOL VAR_GLOBAL | Process interlocks
PRV_1 ANALOG_INPUT_TYPE VAR_GLOBAL | BUTANE Regulating Valve Position %1B144
PRV_1_AUX REAL VAR_GLOBAL | AUXILIAR BUTANE Regulating Valve Position
PRV_2 ANALOG_INPUT_TYPE VAR_GLOBAL | PROPANE Regulating Valve Position %IB168
PRV_2_AUX REAL VAR_GLOBAL | AUXILIAR PROPANE Regulating Valve Position
PT_1 ANALOG_INPUT_TYPE VAR_GLOBAL | BUTANE pressure %IB96
PT_1_AUX ANALOG_TYPE VAR_GLOBAL | Writing Auxiliar ANALOG_TYPE
PT_2 ANALOG_INPUT_TYPE VAR_GLOBAL | PROPANE pressure %1B120
PT_SP_1 REAL VAR_GLOBAL | BUTANE calculated pressure SP
PT_SP_2 REAL VAR_GLOBAL | PROPANE calculated pressure SP
PT_SP_AUTO_1 REAL VAR_GLOBAL | BUTANE pressure SP in AUTO mode
PT_SP_AUTO_2 REAL VAR_GLOBAL | PROPANE pressure SP in AUTO mode
RESTARTING BOOL VAR_GLOBAL | Status 6
RUN BOOL VAR_GLOBAL | Running Process
RUNNING BOOL VAR_GLOBAL | Status 2
RV_1_NO_LCK BOOL VAR_GLOBAL | BUTANE regulating valve interlocks deactivation
RV_1_SIM BOOL VAR_GLOBAL | BUTANE Regulating Valve Simulation Activation
RV_2_NO_LCK BOOL VAR_GLOBAL | PROPANE regulating valve interlocks deactivation
RV_2_SIM BOOL VAR_GLOBAL | PROPANE Regulating Valve Simulation Activation
SIM_RUN BOOL VAR_GLOBAL | Simulation running
SIM_START BOOL VAR_GLOBAL | Simulation activation
SIM_STOP BOOL VAR_GLOBAL | Simulation deactivation
START BOOL VAR_GLOBAL | Start up process
STARTING BOOL VAR_GLOBAL | Status 1
STATUS INT VAR_GLOBAL | Process Status indicator
STOP_O BOOL VAR_GLOBAL | Stop process order
STOPPING BOOL VAR_GLOBAL | Status 5
TIME_LPG REAL VAR_GLOBAL | Total LPG Download Time
TP 1 DIGITAL_INPUT_TYPE VAR_GLOBAL | BUTANE pump fail indicator %IB286
TP 2 DIGITAL_INPUT_TYPE VAR_GLOBAL | PROPANE pump fail indicator %IB288
TT_1 ANALOG_INPUT_TYPE VAR_GLOBAL | BUTANE temperature %IB48
TT_2 ANALOG_INPUT_TYPE VAR_GLOBAL | PROPANE temperature %IB72
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A3. HMIWeb Display Builder scripts

e Automatic regulating valve:
o General.
sub inline_SI_onupdate(elem)
dim varLock
set varLock = elem.parentElement.parentElement.Objects("Lock")
if (elem.value = 1) then
varLock.style.visibility = "visible"
else
varLock.style.visibility = "hidden"
end if
end sub
sub inline_AL1_onupdate(elem)
dim varAll
set varAll = elem.parentElement.parentElement.Objects("Alarm")
if (elem.value = 1) then
varAll.style.visibility = "visible"
else
varAll.style.visibility = "hidden"
end if
end sub
sub inline_SIM_onupdate(elem)

dim varSim

set varSim = elem.parentElement.parentElement.Objects("Simulation")
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if (elem.value = 1) then
varSim.style.visibility = "visible"
else
varSim.style.visibility = "hidden"
end if

end sub
sub inline_NOLCK_onupdate(elem)
dim varNOLCK
set varNOLCK = elem.parentElement.parentElement.Objects("Nolock")
if (elem.value = 1) then
varNOLCK.style.visibility = "visible"
else
varNOLCK.style.visibility = "hidden"
end if
end sub
sub inline_AL2_onupdate(elem)
dim varAl2
set varAl2 = elem.parentElement.parentElement.Objects("Timeout")
if (elem.value = 1) then
varAl2.style.visibility = "visible"
else
varAl2.style.visibility = "hidden"

end if

end sub
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sub inline_MD_onupdate(elem)
dim varMD
set varMD = elem.parentElement.parentElement.Objects("cascada")
if (elem.value = 2) then
varMD.style.visibility = "visible"
else
varMD.style.visibility = "hidden"
end if

end sub

o Objects:
Sub AL1 onupdate

call inline_AL1_onupdate(me)

End Sub

Sub NOLCK_onupdate

call inline_NOLCK_onupdate(me)

End Sub

Sub SI_onupdate

call inline_SI_onupdate(me)

End Sub

Sub AL2_onupdate

call inline_AL2_onupdate(me)
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End Sub

Sub MD_onupdate

call inline_MD_onupdate(me)

End Sub

Sub SIM_onupdate

call inline_SIM_onupdate(me)

End Sub

Two-state automatic valve:

22

@)

General:

sub inline_SI_onupdate(elem)
dim varLock
set varLock = elem.parentElement.parentElement.Objects("Lock")
if (elem.value = 1) then
varLock.style.visibility = "visible"
else
varLock.style.visibility = "hidden"
end if
end sub
sub inline_AL1_onupdate(elem)

dim varAl

set varAl = elem.parentElement.parentElement.Objects("Alarm")
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if (elem.value = 1) then
varAl.style.visibility = "visible"
else
varAl.style.visibility = "hidden"
end if

end sub
sub inline_SIM_onupdate(elem)
dim varSim
set varSim = elem.parentElement.parentElement.Objects("Simulation")
if (elem.value = 1) then
varSim.style.visibility = "visible"
else
varSim.style.visibility = "hidden"
end if
end sub
sub inline_NOLCK_onupdate(elem)
dim varNOLCK
set varNOLCK = elem.parentElement.parentElement.Objects("Nolock")
if (elem.value = 1) then
varNOLCK.style.visibility = "visible"
else
varNOLCK.style.visibility = "hidden"

end if

end sub
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o Objects:
Sub AL1_onupdate

call inline_AL1_onupdate(me)

End Sub

Sub NOLCK_onupdate

call inline_NOLCK_onupdate(me)

End Sub

Sub SI_onupdate

call inline_SI_onupdate(me)

End Sub

Sub SIM_onupdate

call inline_SIM_onupdate(me)

End Sub

e Two-state automatic pump:

o General:

sub inline_SI_onupdate(elem)

dim varLock

set varLock = elem.parentElement.parentElement.Objects("Lock")

if (elem.value = 1) then

varLock.style.visibility = "visible"

else

varLock.style.visibility = "hidden"
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end if
end sub
sub inline_AL1_onupdate(elem)
dim varAl
set varAl = elem.parentElement.parentElement.Objects("Alarm")
if (elem.value = 1) then
varAl.style.visibility = "visible"
else
varAl.style.visibility = "hidden"
end if
end sub
sub inline_SIM_onupdate(elem)
dim varSim
set varSim = elem.parentElement.parentElement.Objects("Simulation")
if (elem.value = 1) then
varSim.style.visibility = "visible"
else
varSim.style.visibility = "hidden"
end if
end sub
sub inline_NOLCK_onupdate(elem)

dim varNOLCK

set varNOLCK = elem.parentElement.parentElement.Objects("Nolock")
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if (elem.value = 1) then

varNOLCK.style.visibility = "visible"

else

varNOLCK.style.visibility = "hidden"

end if

end sub

Objects:

Sub AL1 onupdate

call inline_AL1_onupdate(me)

End Sub

Sub NOLCK_onupdate

call inline_NOLCK_onupdate(me)

End Sub

Sub SI_onupdate

call inline_SI_onupdate(me)

End Sub

Sub SI_onupdate

call inline_SI_onupdate(me)

End Sub

O
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e Status viewer:
o General:
sub inline_num_onupdate(elem)

dim varLock

set varLock = elem.parentElement.parentElement.Objects("text")

if (elem.value = 1) then
varLock.style.visibility = "visible"

else
varLock.style.visibility = "hidden"

end if

end sub

o Object:

Sub num_onupdate

call inline_num_onupdate(me)

End Sub

e Main display:

o Control Buttons:

Sub Start_onclick

numero_start.value=1

End Sub

Sub Stop_onclick

numero_stop.value =1
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End Sub
Sub Pause_onclick
numero_pause.value =1
End Sub
Report:
Sub numpv_onupdate
if numpv.value = 1 then
pushbutton003.style.visibility = "visible"
else
pushbutton003.style.visibility = "hidden

end if

End Sub

O
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A4. Quick Builder

O

HV_1 User defined parameters:

Pararneter Na... | Link Type | “alue Type “alue or Reference

ALL Scanned - Status PLE_1 M EDGPLE § "Dftlnst.Hyv_1.Z4"
NO_LCK Scanned - Status PLC_1 M EDGPLE & "@GY H_1_MO_LCK"
31 Scanned - Status PLE_1 M EDGPLE § "Dftinst.Hv_1.51"

S Scanned - Status PLC_1 M EDGPLE & "@GY. Hy_1_SIn"
HV_2 User defined parameters:

Parameter Na... | Link Tvpe | “alue Tvpe “alue or Reference

ALl Scanhed - Status PLC_1 N EDGPLC 5 "Dftlnst. Hv'_2 Z4"
MO_LCK Scanned - Status PLC_1 N EDGPLC 5 "@ &Y. Hyv_2_MO_LCK"
3l Scanhed - Status PLC_1 M EDGPLE § "Dftlnst. Hv'_2. 51"

S Scanned - Status PLC_1 N EDGPLC 5 "@iEv . Hy_2_SIa"
HV_3 User defined parameters:

Parameter Na... | Link Tvpe | “alue Tvpe “alue or Reference

ALl Scanhed - Status PLC_1 N EDGPLC 5 "Dftlnst Hv'_3.Z4"
MO_LCK Scanned - Status PLC_1 N EDGPLC 5 "@ &Y. Hv_3_MO_LCK"
3l Scanhed - Status PLC_1 M EDGPLE § "Dftlnst. Hv_3.51"

S Scanned - Status PLC_1 N EDGPLC 5 "@iEy . Hy_3_SIM"
P_1 User defined parameters:

Parameter Na... | Link Tvpe | “alue Tvpe “alue or Reference

ALl Scanhed - Status PLC_1 N EDGPLC & "Crftinst. P_1 24"
MO_LCK Scanned - Status PLC_1 N EDGPLC 5 "@iEy.P_1_MO_LCK"
3l Scanhed - Status PLC_1 W EDGPLC & "Dftinst P 151"

S Scanned - Status PLC_1 N EDGPLC 5 "@GY.P_1_SIn"
P_2 User defined parameters:

Pararneter Na... | Lirk Tvpe | “alue Tvpe “alue or Reference

ALl Scanned - Status PLC_1 N EDGPLC 3 "Crftinst.P_2.24"
MO_LCK Scanhed - Status PLC_1 N EDGPLC 5 "@i5Y.P_2_NMO_LCK"
3l Scanned - Status PLC_1 W EDGPLC 3 "Dftinst.P_2.51"

a0} Scanhed - Status PLC_1 M EDGPLE § "@GY.P_2_SIM"
RV_1 User defined parameters:

Parameter Na... | Link Tvpe | “alue Tvpe “alue or Reference

ALARM Scanhed - Status PLC_1 N EDGPLC 5 "Dftinst RY_1 BADCTRL"
MO_LCK Scanned - Status PLC_1 P:RY_1_MO_LCK P

ap1 Scanhed - Analog PLC_1 M EDGPLE 5 @GY.OPRC_1.0P
Pl Scanned - Analog PLC_1 N EDGPLE 5 "@ &Y. PRV _1_ALK"
3l Scanhed - Status PLC_1 M EDGPLE § "Dftlnst.RY_1.51"

S Scanned - Status PLC_1 P:RW_1_5IM PV

TIMEOUT Scanhed - Status PLC_1 P:PID 1_TIMEOQUT P

RV_1 User defined parameters:

Pararneter Na... | Lirk Tvpe | “alue Tvpe “alue or Reference

AL&R Scanned - Status PLC_1 N EDGPLC 3 "Crftinst.RY_2. BADCTRL"
MO_LCK Scanhed - Status PLC_1 P:RY_2_MO_LCKE P

op1 Scanned - Analog PLC_1 N EDGPLC 3 @GW.0PRC_2.0P

Py 1 Scanhed - Analog PLC_1 M EDGPLE § "@5Y . PRY_2_ALK"
3l Scanned - Status PLC_1 M EDGPLE § "Dftinst.RYW_2.51"

S Scanned - Status PLC_1 P:RW_2_SIM PV

TIMEOUT Scanned - Status PLE_L P:PIC_2_TIMEOUT PV
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RV_1_CONF Display configuration:

Wain Alarms Cartral Avriliary

Group Murber g

Pasition in Group

Trend Murnber

Position inTrend Set

History

Trend Pararneter

1T T

Associated Display |defau|t

Poir Detall Display | qsbulanatusilian itm

Group Faceplate

Ternplate Display |sysdtlana.htm

RV_2_CONF Display configuration:

Mair Display Alarrs Coritrol Auriliany

Group Murmber g

Paosition in Group

Trend Mumber

Position inTrend Set

History

T

Trend Pararmeter

Assaciated Display |defau|t

Poirt Detail Display |sysDtIAna.¢\.w<iliamHtm

Group Faceplate

Template Display |sysdtlana.htm

30

UNIVERSITAT POLITECNICA DE CATALUNYA
BARCELONATECH

Escola d’Enginyeria de Barcelona Est



Migration and redesign of the control system for the process of synthesis and unload of liquefied petroleum gas

A5. Data tables

Simulation Test Error data table:

Test %
number % SP Kg SP % Report Kg Report | Abs_error -

1 100,00 400,00 100,00 385,48 0,00 0,04

2 100,00 500,00 100,00 515,02 0,00 15,02

3 100,00 100,00 100,00 83,17 0,00 16,83

4 100,00 100,00 100,00 93,01 0,00 6,99

5 100,00 500,00 100,00 504,56 0,00 4,56

6 100,00 200,00 100,00 182,36 0,00 17,64

7 100,00 500,00 100,00 486,35 0,00 13,65

8 100,00 400,00 100,00 411,69 0,00 11,69

9 100,00 400,00 100,00 401,19 0,00 1,19
10 100,00 500,00 100,00 486,64 0,00 13,36
11 100,00 100,00 100,00 109,61 0,00 9,61
12 100,00 300,00 100,00 286,28 0,00 13,72
13 100,00 200,00 100,00 183,55 0,00 16,45
14 100,00 100,00 100,00 84,24 0,00 15,76
15 100,00 200,00 100,00 212,65 0,00 12,65
16 100,00 500,00 100,00 487,19 0,00 12,81
17 100,00 100,00 100,00 101,57 0,00 1,57
18 100,00 500,00 100,00 518,71 0,00 18,71
19 100,00 400,00 100,00 398,06 0,00 1,94
20 100,00 100,00 100,00 110,85 0,00 10,85
21 100,00 300,00 100,00 292,35 0,00 7,65
22 100,00 200,00 100,00 198,29 0,00 1,71
23 100,00 500,00 100,00 489,40 0,00 10,60
24 100,00 500,00 100,00 514,87 0,00 14,87
25 100,00 100,00 100,00 103,28 0,00 3,28
26 100,00 300,00 100,00 309,91 0,00 9,91
27 100,00 300,00 100,00 298,90 0,00 1,10
28 100,00 400,00 100,00 411,09 0,00 11,09
29 100,00 300,00 100,00 302,12 0,00 2,12
30 100,00 200,00 100,00 208,79 0,00 8,79
31 100,00 300,00 100,00 306,40 0,00 6,40
32 100,00 100,00 100,00 114,20 0,00 14,20
33 0,00 400,00 0,00 385,48 0,00 14,52
34 0,00 500,00 0,00 513,79 0,00 13,79
35 0,00 100,00 0,00 103,12 0,00 3,12
36 0,00 100,00 0,00 105,74 0,00 5,74
37 0,00 400,00 0,00 399,60 0,00 0,40
38 0,00 100,00 0,00 101,52 0,00 1,52
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39 0,00 500,00 0,00 497,53 0,00 2,47
40 0,00 300,00 0,00 290,26 0,00 9,74
41 0,00 200,00 0,00 208,63 0,00 8,63
42 0,00 400,00 0,00 398,65 0,00 1,35
43 0,00 200,00 0,00 204,33 0,00 4,33
44 0,00 200,00 0,00 199,54 0,00 0,46
45 0,00 500,00 0,00 492,16 0,00 7,84
46 50,00 200,00 47,83 200,94 2,17 0,94
47 50,00 300,00 53,52 296,12 3,52 3,88
48 50,00 300,00 54,50 300,29 4,50 0,29
49 50,00 400,00 48,06 399,41 1,94 0,59
50 50,00 100,00 42,54 100,86 7,46 0,86
51 50,00 400,00 53,77 404,62 3,77 4,62
52 60,00 600,00 53,10 599,46 6,90 0,54
53 60,00 200,00 67,27 201,59 7,27 1,59
54 60,00 400,00 58,97 396,54 1,03 3,46
55 40,00 300,00 41,53 304,06 1,53 4,06
56 40,00 400,00 31,70 398,18 8,30 1,82
57 40,00 200,00 43,56 204,54 3,56 4,54
58 73,00 400,00 70,72 404,12 2,28 4,12
59 23,00 600,00 17,54 601,85 5,46 1,85
60 28,00 300,00 25,81 299,63 2,19 0,37
61 82,00 200,00 86,67 203,96 4,67 3,96
62 95,00 600,00 98,76 601,40 3,76 1,40
63 13,00 400,00 11,20 400,34 1,80 0,34
64 45,00 300,00 48,46 304,04 3,46 4,04
65 26,00 300,00 27,53 297,13 1,53 2,87
66 83,00 200,00 79,17 200,75 3,83 0,75
67 9,00 400,00 8,66 399,45 0,34 0,55
68 2,00 400,00 -1,57 399,34 3,57 0,66
69 12,00 400,00 16,77 398,18 4,77 1,82
70 36,00 400,00 41,00 401,55 5,00 1,55
71 94,00 200,00 95,86 199,51 1,86 0,49
72 2,00 200,00 -1,80 200,27 3,80 0,27
73 16,00 400,00 12,85 398,73 3,15 1,27
74 87,00 300,00 86,95 299,29 0,05 0,71
75 84,00 600,00 83,01 598,13 0,99 1,87
76 31,00 300,00 33,94 301,97 2,94 1,97
77 22,00 200,00 22,30 201,17 0,30 1,17
78 30,00 400,00 30,36 401,36 0,36 1,36
79 26,00 300,00 25,32 299,50 0,68 0,50
80 30,00 600,00 30,69 599,36 0,69 0,64
81 92,00 600,00 90,48 601,96 1,52 1,96
82 38,00 600,00 39,81 601,58 1,81 1,58
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83 7,00 400,00 5,87 399,69 1,13 0,31
84 83,00 600,00 81,57 599,12 1,43 0,88
85 25,00 200,00 23,43 200,07 1,57 0,07
86 66,00 500,00 67,01 500,90 1,01 0,90
87 84,00 400,00 85,43 400,41 1,43 0,41
88 92,00 600,00 93,33 600,78 1,33 0,78
89 87,00 200,00 85,51 199,65 1,49 0,35
90 17,00 200,00 15,87 199,56 1,13 0,44
91 28,00 200,00 27,53 200,41 0,47 0,41
92 83,00 600,00 82,74 600,86 0,26 0,86
93 18,00 400,00 18,29 399,07 0,29 0,93
94 48,00 300,00 48,48 299,66 0,48 0,34
95 68,00 600,00 68,16 600,02 0,16 0,02
96 14,00 400,00 13,52 400,57 0,48 0,57
97 53,00 400,00 52,70 400,15 0,30 0,15
98 76,00 400,00 76,54 399,82 0,54 0,18
99 95,00 500,00 94,91 499,22 0,09 0,78
100 100,00 600,00 100,29 600,80 0,29 0,80
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