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1.2 Specifications

_ Program capacity: 16k steps/Data register: 10k words

_ Higher execution speed compared to the competition: LD: 0.35us, MOV: 3.4us

_ Built-in mini-USB, RS-232 and RS-485 ports (Master/Slave) Supports standard
MODBUS ASCII/RTU protocol and PLC Link function

_ Supports real time clock for version 2.0 and above (no battery required) It operates for
at least one week after power off.

_Built-in 4 analog inputs / 2 analog outputs / 8 Digital Inputs & 6 Digital Outputs (Relay)

_ Supports DVP-S series left-side and right-side modules

_Power supply voltage: 24V DC

Built-in Analog I/O

Channels 4 Channels 2
Resolution 12-bit Resolution 12-bit
-20~20mA or 0~20mA or
Spec. -10~10V or Spec. -10V~10V or
4~20mA 4~20mA



1.3 Product Profile

(4) COM1 communication

(3) POWER/RUN/ERROR/USB indicator
ect fastening hole

F-ﬁ_@Dir
(¥

indicator (RS-232) r i

| =Gk

T T > Eal ol B i

() COM2 communication SR E Sl S
indicator (RS-485) as ao [ =f ["’ 1 |

® /0 indicator ——— |3 & r:% Z

welfs| [

(@ USB port ¥l | (6}« -5 [“

<«— (1) 1/O terminal

12 RUN/STOP switch

® VRO/VR1 >@@ —— (13 COM1 port
ERES (RS-232)
(9 DIN rail clip 41 [Figure 1]

(19 COM2 port
(RS-485)

(standard component)

E_T®
E_®
E_®

Py
(

(15 Power input
port

1.4 Point Specifications

e e e e
T
L - |
E = 7
I I = 5|
L i
=

(17 Power input connection

cable (standard component)

(19 3PIN removable terminal =

9]
L~ A

(19 1/0 module
positioning hole

(19 1/0 module
connection port

-

(20) Mounting slot
(35mm)

@) 1/0 module fastening clip [Figure 2]

1.4.1 Input point Specifications
Spec. Input Point

ltems 24VDC (-15% ~ 20%) single common port input
Input No. X0, X2 | X1, X3 | X4 ~ X7
Input type DC (SINK or SOURCE)
Input Current (£ 10%) 24VDC, 5mA
Input impedance 47K Ohm
Action level offzon > 15VDC

On—Off < 5VDC
Response |Off=On < 2.5us < 10ps < 20us
time On—Off < 5ps < 20ps < 50us
Filter time Adjustable within 0 ~ 20ms by D1020 (Default: 10ms)




1.4.2 Output point Specifications

Spec. Output Point
ltems Relay
Output No. Y0 ~Y5
Max. frequency 1Hz
Working voltage 250VAC, < 30vDC

Resistive | 1.5A/1 point (5A/COM)
Max. load

Inductive #2

Lamp 20WDC/100WAC

Off=0On
Response Approx. 10 ms
time On—Off

1.4.3 Analog input & Analog output Specifications

Analog Input (A/D) Analog Output (D/A)
Voltage Current Voltage Current
Analog IO range 10V +20mA | 4 ~ 20mA* 10V 0 ~20mA | 4 ~ 20mA*™

ltems

Digital conversion
range

Resolution 2 12-bit

+2,000 +2,000 | 0~+2,000 | +2,000 |0~ +4,000|0 ~+4,000

1.5 Point Wiring

VO+ 5/8
10+ X0
VI10- X1
1+ X2
11+ X3
Vi1- X4
2+ X5
12+ X6
Vi2- X7
V3+ co
13+ YO0
V13- Y1
FE Y2
VOO0 [
100 C1
VO1 Y3
101 Y4
AG Y5

1.5.1 Input Point Wiring

There are 2 types of DC inputs, SINK and SOURCE. (See the example below. For
detailed point configuration, please refer to the specification of each model.)



¢ DC Signal IN — SOURCE mode
Input point loop equivalent circuit

¢ DC Signal IN — SINK mode
Input point loop equivalent circuit

+24V
24G - e
s/s 7
o A =
X0 s
{1

1.5.2 Output Point Wiring

Output terminals, Y0, Y1, and Y2, of relay models use CO common port; Y3, Y4,
and Y5 use C1 common port; as shown in the Figure. When output points are
enabled, their corresponding indicators on the front panel will be on.

CL

17

!

|

!
i

]
,

CO YO Y1 Y2 C1 Y3 Y4 Y5
Relay (R) output circuit wiring

CO[YO[Y1|Y2| » |C1|/Y3[Y4]YS

10 ; @E]

1®

®
®

ﬁMCZ MC1

]
@ +—1

k ®
[Figure 11]
PLC Rela PLC Relay
output y output Larger power and

Smaller power
| S |

<
D

Cco

D: 1N4001 diode or equivalent component

frequent on/off

45 : ’ — VDC

D ZD +

co

D: 1N4001 diode or equivalent component

ZD: 8V Zener, 5W

[ Figure12a] [ Figure 12b ]
PLC Relay output AC load
R:100~1200Q
C:0.1~0.24uF
R C
[Figure 13 ]




1.5.3 Analog input A/D & Analog output D/A External Wiring

e A/D: Active

(1 Voltage input

(@) Shielded
cable

(2 Current input

(@) Shielded
cable

©)
@ Terminal
of power module

(5 Grounding (100£2or less)

e D/A

¢ A/D: Passive
@'\/o\lage input
CH1 + CH1
Vot [# o+
10+ 10+
1 VI0- o __ \VO-
L @ Shielded T
i cable T
CH3 \/1;+ @ cCurrentinput CH3 3+
a 2l | =
13+ - g____ 4
Vis- T$ @ Shielded ALk
' FE + cable - FE
( N I |l
L | @ @Terminalof @
ower module
oV % I oV
T 24V = Tt 24V
(B) Grounding (100Q or less) l
r
[Figure 16 ] [Figure 17]

(8 Voltage output

AC drive, recorder,
scale value...

= |solation wire

(7) Current output

®

AC drive, recorder,

scale value...

CH2 [YO

oy
\‘_l)

= |solation wire

1.6 DVP Slim Digital I/O Extension Unit

Model Explanation & Peripherals Thank you for choosing DVP-SS/SA/SX/SC series PLC.
The 6~ 16 points extension offered by SS/SA/SX/SC series make the maximum digital 1/0
extension including the MPU reach 128 points. In addition, maximum 8 special modules
(AD/DAJPTI/TC/XAIRT) are extendable to DVP Slim series.

1.6.1 Model Numbers

[Figure 18]

Input Unit Qutput Unit
Madel
Paint Type Point Type
DVPOBSP11R 4 4
Relay
DVF16SP11R 8 DC Type &
DVPOBSPIT 4 Sink/Source 4
Transistor
DVE165SPIT & &
DVPOSSM10M 8 100~120VAC 0 Nang
DVPOESM11N & 0 None
DVPOBSN1IR i OC Type 8 Relay
DVPFOSSNIT i Sink/Source & Transistor
DVPO6SN1IR i & Relay

10



1.6.2 Terminal layout

DVPOSSN11R | DVPOSSPMR | DVP16SP11R

DVPOSSMTIN | DVPOBSM1ON | nypogsnN11T | DvPossP11T | Dvpiespi1T | DVPOSSNTIR
=] =] =] =] =]
(=3 (=] (=3 (=3 (=]

FEE] FELTEREEE

B E

~
o

%

[

1.6.3 Input/Output points numbering order

No matter how many points of MPU, the input of the first 1/0 extension unit will start
from X20 and output will start from Y20.

System combined Example: PLC Models I:I'g?r!l{[ts gg:re:-lst Nu:':g::ing Nl?rr?tiﬁtng
MPU SSISAISXISC 8 4/8 X0=-X7 YO~Y5
EXT1 DVP16SP1T 8 8 X20~-X27 Y20~Y27
EXT2 DVPOBSM11N 8 0 X30~X37 -
MBU EXT1 EXT2 EXT3 EXT4 EXT3 | DVPOGSM11R 0 6 - Y30~Y35
EXT4 DVP0OBSP11R 4 4 X40~X43 Y40~Y43

Extension unit 3 DVPO6SM11R will be used as 8 outputs, the higher 2 numbers of output points
have no corresponding output points. Extension unit 4 DVPO8SP11R will be used as 8 input
points/8 output points, the higher part numbers of inputs points and output points have no
corresponding input/output points. It is recommended to place them at the end of serial wiring,
so that 1/0 points numbering will be continuous.

11



1.7 DVP20SX2 Memory Map

Specifications

Control Method

Stored program, cydic scan system

/O Processing Method

Batch processing method (when END instruction is

executed)

Execution Speed

LD instructions — 0.54us, MOV instructions — 3.4ps

Program language

Instruction List + Ladder + SFC

Program Capacity

15872 steps

Bit
Contacts

K0~X377, octal number system, 256

X | External inputs . Total
P points max. 480+32
¥0~Y377, octal number system, 256 *
Y | External outputs points max. O(*4)
MO~M511, 512 points, (*1)
General M768~M399, 232 points, (*1)
. M2000~M2047, 48 points, (*1)
Awrxiliary - Total
M M512~M767, 256 points, (*2) .
relay Latched M2048~M4095, 2048 points, (*2) 4096 points
- M1000~M1999, 1000 points, some
SrEk are latched
TO~T126, 127 points, (*1)
100ms T128~T183, 56 points, (*1)
(M1028=0N, T184~T199 for Subroutines, 16
Te4~T126: points (*1)
10ms) T250~T255(accumulative), 6 points
("1} Total
T| Tmer —oms T200~T239, 40 points, (1) 256 points
{(M1038=0N, T240~T245(accumulative),

T200~T245: 1ms)

6 points, (*1)

1ms

T127, 1 points, (*1)
T246~T245(accumulative), 4 points,
(1)

12




CO-C111, 112 points, (*1)
16-bit count up C126~C1589, 72 points, (*1) Total
C112~C127, 16 points, (*2) 233 points
32-bit count C200~C223, 24 points, (*1)
up/down C224~C232, 9 points, (*2)
C235~C242, 1 phase 1 input, 8
Soft- | points, (*2)
Counter | . - ware | C233~C234, 2 phase 2 input, 2
it L
high- points, (*2) .
S C243~C244, 1 phase 1 input, 2 Total
count points, (*2) _ 22 points
up/down Hard- C2_45~C25D, 1 phase 2 input, 6
ware | points, (*2)
C251~C254 2 phase 2 input, 4
points, (*2)
Initial step point S0~39, 10 points, (*2)
. S10~-519, 10 points (use with IST
Step | ZSTOPOINLIELM | 5 qiruction), (*2) Total 1024
point | Latched S20~S127, 108 points, (*2) points
General S5128~5911, 784 points, (*1)
Alarm S912-51023, 112 points, (*2)
Specifications
Current value T0~T255, 256 words
Current value C0~C199, 16-bit counter, 200 words
C200~C254, 32-bit counter, 55 words
D0~-D407, 408 words, (*1)
General D600~D999, 400 words, (*1)
D3920~D9799, 5880 words, (*1)
D406~D599, 192 words, (-2)
Rz‘é?gfer SCIEEL D2000~D3919, 1920 words, (*2)
Data Special D1000~D1999, 1000 words, some Total
register are latched 10000 points
~gi-S10€ Special | pagno~D99gs, 100 words (*1) (*6)
he;tdﬁ:ge sPectal | n9epo-passa, 100 words (1) (*7)
Index EO~E7, FO~F7, 16 words, (1)
Master control loop NO~N7, 8 points
Pointer PO~P255, 256 points
100071001 (X0), 1100/1101(X1), 12001201(X2),
_ 1300/1301(X3), 1400/1401(X4), 1500/1501(X5),
Extemnal Intermupt | 5661601(X6). 1700/1701(X7), 8 points (01- rising-
edge trigger _{ , 00: falling-edge trigger 1)
SR 1602~1699, [702~1799, 2 points (Timer resolution =
Interrupt : 1ms)
Service | METINEITUPE | 1505 1899, 1 point (Timer resolution = 0.1ms)

(Supported by V2.00 and above)

High-speed
counter interrupt

1010, 1020, 1030, 1040, 1050, 1060, 1070, 1080, 8
points

Communication
interrupt

1140{COM1), 1150(COM2), [160(COM3), 3 points,
(*3)

13




Constant

Decimal

K-32.768 ~ K32.767 (16-bil operation),
K-2,147,483,648 ~ K2,147,483,647 (32-bit
operation)

Hexadecimal

HOO00 ~ HFFFF (16-bit operation),
HOOO00000 ~HFFFFFFFFE (32-bit operation)

Serial Ports

SA2

COM1: built-in RS-232 ((Master/Slave)
COM2: built-in RS-483 (Master/Slave)
COM3: bullt-in RS-483 (Master/Slave)
COM1 is typically the programming port.

COM1: built-in R3-232 ((Master/Slave)
COM2Z: built-in RS-485 (Master/Slave)

SX2

COM3: built-in USB (Slave)
COM1 is typically the programming port.

Real Time Clock

Year, Month, Day, Week, Hours, Minutes, Seconds

Special /'O Modules

connected

Right side: Up to 8 VO modules can be connected
Left side: Up to 8 high-speed /O module can be

File Reg

ister (*3)

KO~K4999, 5000 points (*2)

1.8 PLC Device Address

Effective Range
Device Range ES2EX? 5§52 SA2ISE gggrﬂeg: Address
SX2

5 000~255 000001~000256 | 0000~00FF
5 256~511 000257~000512 | 0100~01FF
5 512~767 000~1023 000-1023 000513~000768 | 0200~02FF
5 T68~1023 000769~001024 | 0300~03FF
X 000~377 (Octal) | 000~377 000~377 101025~101280 | 0400~04FF
Y 000~377 (Octal) | 000~377 000~377 001281~001536 | 0500~05FF
T 000~255 bit 000~255 000~255 001537~001792 | 0600~06FF

000~255 word 000~255 000~255 401537~401792 | 0600~06FF
M 000~255 0800~08FF
M 256~511 0000 0900~09FF
M b12~767 0ADD~0AFF
m Z68-1073 4{;95 0000~4095 002049~003584 OB00~0BEE
M 1024~1275 0C00~0CFF
M 1280~1535 0D00~0DFF

14




Effective Range
Device|  Range cezExa | sso T SAZISE monByUs Address

M | 1536~1791 BO0O~BOFF
M| 1792-2047 B100~B1FF
M | 2048~2303 B200~B2FF
M | 2304~2559 0000 B300~B3FF
M | 2560~2815 ~ 0000~4095 045057~047616 | BA00~B4FF
M | 2816~3071 4005 B500~BS5FF
M | 3072-3327 B600-B6FF
M__| 33283563 B700~B7FF
M__| 35843839 B800~BBFF
M | 3840-4095 B9I00-BIFF
| o00-199 000~199 003585-003784 | OEOD~OECT

C | 000199 (1601 =060 09 D00~199 403585403784 | OE00~DECT
200~255 200~255 003785~003840 | OECB~OEFF

| 401793~401903
C | 20020 B2 500055 200~255 (Odd address | 0700~076F
valid)

D | 000-255 1000~10FF
D | 256511 T100~11FF
D | 512~767 404097~405376 | 1200~12FF
D | 768-1023 1300~13FF
D | 1024~-1279 1400~14FF
D | 1280~1535 1500~15FF
D_ | 1536~1791 1600~16FF
D | 1792~2047 T700~17FF
D | 20482303 T800~18FF
D | 2304~2559 0000 1900~19FF
D | 2560~2815 5000 4999 | ooop | 405377-408192 [(TAOD-TAFF
D_ | 2816~3071 X . TB00~1BFF
D | 3072~3327 9999 9999 1C00~1CFF
D | 3328~3583 1D00~1DFF
D | 3584~3839 TED0~1EFF
D | 3840~4095 TFO0~1FFF
D | 4096~4351 5000~90FF
D | 4352-4999 5100~91FF
D | 4608-4863 9200~92FF
D | 4864-5119 9300~93FF
D | 5120~5375 436865-440980 ~5400-94FF
D | 5376-5631 9500~95FF
D | 5632-5887 NiA 9600~96FF
D | 5688~6143 9700~97FF
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D | 6144-6399 9800~98FF
D | 6400-6655 9900~99FF
D | 6656-6911 9AD0~9AFF
D | 6912~7167 9B00~9BFF
D | 7168~7423 436865-440960 —5=rG-acFF
D | 7424-7679 9D00~9DFF
D | 7680~7935 9E00~9EFF
D | 7936~8191 0000 0000 9F00~9FFF
D | 8192-8447 9999 N/A 9960 ADDO~ADFF
D | 8448~8703 A100~A1FF
D 8704~8959 AZ00~A2FF
D | 8960-9215 A300~A3FF
D | 9216-9471 440961~442768 [ pan0-A4FF
D | 9472~9727 AG00~AGFFE
D | 9728-9983 AGOO~AGFFE
D | 9984~9999 A700~AT0F
D | 10000~11999 Applicable to DVP-SE 442769-444768 | AT10~AEDF

16




1.9

Instructions
Execution speed
. . {us)
Instruction Function Operand ESZEX2/SS2 - Steps
SAZISX2
LD Load NO contact XY MSTC 0.76 064 | 1-3
LDI Load NC contact XY MSTC 0.78 068 | 1-3
AND Connect NO contact in senies AKYMSTC 054 058 | 1-3
ANI Connect NC contact in senes AKYMSTC 0.56 062 1-3
OR Connect NO contact in parallel XY MSTC 054 062 1~3
ORI Connect NC contact in parallel XY MSTC 0.56 064 | 1~3
ANB Connect a block in series NIA 068 0.68 1
ORB Connect a block in parallel NIA 0.76 0.76 1
MPS Start of branches. Smres_current NIA 074 068 1
result of program evaluation
MRD Reads Ihg stored current result NIA 064 054 1
from previous MPS
End of branches. Pops (reads and | N/A
MFP resets) the stored result in 0.64 0.54 1
previous MP5
ouT Qutput coll Y, 5, M 0.88 068 | 1-3
SET Latches the ON status Y, 5, M 0.76 068 | 1~3
. - |Y. M, S, T,C, D
RST Resets contacts, registers or coils EF 22 1.04 3
MC Master control Start NO~NT 1 08 3
MCR Master control Reset NO~NT 1 08 3
END Program End MNIA 1 0.8 1
NOP Mo operation MNIA 0.4 05 1
P Pointer P0O~P255 04 05 1
[ Interrupt program pointer looo 0.4 0.5 1
STL Step ladder start instruction ] 2.2 2 1
RET Step ladder return instruction NIA 1.6 14 1
NP MNegative contact to Positive NIA 166 0.72 1
contact
BN Positive contact to Negative NIA 162 072 1

contact
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2 WPL Soft

“WPL Soft” 5 PLC JI &aa n (aadall i il

PLC Jl ds0,d dawsall dlagl 2.7
Ll PLC Jl @ selall Jaa 55 Jal (g iy 2l ea UC-RRGO20-12A ila l i

Dvp20sx2
" & Convertisseur sériel
UC-RRG020-12A
»
© 232RS
L1
B o
PLC J) &oli s slal deS 2.2
File — New e larias
Edi Search  View | Communication Options Wizard Window Help
Eew CttHN | Q 1 =
| Open Cte+0 0o <

. OK Liai o5 File Name (b ¢ 5 pall ol gy (SX2) PLC J) g 58 s

Select a PLC Model
Program Title
Model Typs  [PLC =]
Select 5X2 -
unication Setting———————————
|RS232 (COMO) | Setting_ |

Filz Name
IExl

ok | Cancel |
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PLC Jl wle aolidl Jysin glos yollns 2.3

Jhaga g 2888 mali ) b Je Communication setting 2 RS232 e baai PLC Ju gulall by y ey -
b 3 e oSt ST (COM4) Port

(ol (Saus 1 address ) 05 PLC J) Jeatind J8) PLC Jb =il station address Jiobisl sy -
- () P

.RTU J ASCII W PLC J) 45wy jlial US4y -

EEew i EH Communication Setting
Relav T [T SR, SR 14
v Type 4F HF'I Fe FS ORIl ection Setup
2 Type [Rs232 ~|
E'"ﬁi Communication Setting
ont BS232 rCommunication Setting
E| @ Ethernet COM Pt coM4 | .| & ascn
[ 4l DVPENDI-SL i
o 1| FDes0s Data Length I]‘ vl " BTU (8 bits)
b 1| FDo507 Parity Even =
- 4 eLC
lllll j DVEEENOI Stop Bits |1 vl Auto-detect
EE DirectLink Baud Rate I I
..... «= USE Default |
lllll . CDC Station Address I j
_____ @ Ethernst —Ethernet Setllﬂg
[ fssign IP | o [
Port Ij'[ﬂ.
Baud Rate Decided by
{+ PLC Setting
 WPL Setting
Setup Responding Time
Times of Auto-retry |3 j
Time Interval of Auto-retry (sec.) =
PLC Jl Je ol dl iy 2.4
@M\ DA sz i ) g il
g Ex1 - Delta WPLSoft
File Edit Compiler Comments Search View | Communication Options Wizard Window Help
0= =] | 1 S
BEReoREYS B 0O BEx & Sl B
e S|

= 63 = i 4 Wite to PLC (CtrHFS) o
RetayType NI 2 MM BRI & & R F & G N PICCHY| 3 = & fff &3 J [ b= @

Instruction List Mode

‘& Ladder Diagram Mode
00 —
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PLC JI Joc @30 2.5

5 o o YN e BmPLC U i dee R

§ Online Mode (Ctrl+F2)|

&
File Edit Compiler Comments Search View | Communication Options Wizard Window Help
De@Ea| BRI S » ol

BERCLBE QS| 000 EREZ0ODRE 4 VS

ReayType NP0 % % ' Ouline Mode CrbED|TT &% | 75 & b o 85 @ D &

2
=11/} Communication Setting

E@ Ethernet

.Y DVPENO1SL
..1| TFDes0s Instruction List Mode
-3 o U BlaserDagemioce
-4 PLC 00

¢ -] DVPFEND1 00

&~ ] DirectLink 00
..... <2 USB 00
""" -3 CDC OO
----- @ Ethernei nn
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3 Vijeo designer software

Vijeo Designer is a state-of-the-art software application with which you can create operator panels
and configure operating parameters for human machine interface (HMI) devices. It provides all the
tools needed to design an HMI project, from the data acquisition to the creation and display of
animated drawings.

Realization of an application

The procedures to follow to implement an application are:
1- Create a new project,

2- Selection of the communication protocol.

3- Creating Variables

4- Create a Command Button

5- Create an alarm lamp.

6- Create a Numeric Indicator

3.1 Create a new project

Create a new project, this dialog box appears when you start Vijeo Designer. Make sure Create
new project is selected and click "Next" to continue.

Vijeo-Designer @

Welcome to Vijeo-Designer

What would you like to do?

(@ Create new Project
(7) Open last Project - Project

(7) Open existing Project

[ Dont show this dialog box again

<Back || Net> | [ Fmsh | [ Cancel

Enter the name of your project and click Next. In our case, type "Manual™.
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| Create New Project

Erter Project Name to Create

Project Name Vijga_PLC|
Description or Comment
Type

(@) Project with Single Target

© Project with Targets

Project Password

Enter Password | |
Confirm Password | |
Hint (Optional) | |

[ <Back |[ Nei> | [ Fmsh | [ Cancel |

Select the target type ..., and the model ..., Click Next, Next.

Create New Project (=) |

Erter Project Mame to Create

Project Name Vijeo_PLC |

Target : 1/1
MNew Project/Target
Target Name Target1

Target Type | XBTGK Series -
Model | XBTGK5330 (E40e480) -
<Back |[ Nea> | [ Fnsh | [ Cancel

3.2 Selection of the communication protocol

Select the relevant driver for the device type using the Add button. Select “Schneider Electric
Industrie SAS” as the Manufacturer, “ Modbus (RTU)” as the driver, and “Modbus
Equipment” as the Equipment. Then click on Finish.

Enter Project Mame to Create Manufacturer:

Project Nems ~ |Froject | [Sehneider Eectric ndusties SAS -|

Target : 141

Equipment List

Adds drivers and equipment. Define settings in the Navigator
window’s Driver and Equipment properties

Driver: Equipment

FIFIO
FIPWAY

Jbus (RTU)

Modbus (RTU)

Wodbus Plus USE




3.3 Creating Variables

A variable is a memory address indicated by a name. Vijeo Designer handles the following
types of variables:

= BOOL

= INT (16 bit signed integer)

= UINT (16 bit unsigned integer)

= DINT (32 bit signed integer)

= UDINT (32 bit unsigned integer)

= Integer (1-32 bit generic integer)

» REAL

= STRING

= User Data Type (Array or Structure)
= Folder

= Block INT (16 bit signed block integer)

= Block UINT (16 bit unsigned block integer)

= Block DINT (32 bit signed block integer)

= Block Integer (1-32 bit generic block integer)

= Block REAL
Vijeo Designer uses the variables to communicate with devices. You can also define internal
variables that will only be used by Vijeo Designer.

Right-click the "Variables" node in the "Navigator" window, select "New Variable™" and

H 1] n
click "BOOL".
Projet - Panell [All] - Languagel > = Projet - Base Panels
- [E) Actions - . .
gEnvironment Counlcatlon
+ % Resource Library
i1 B8 Alarms
PLC
4% Recipes ave C
1[5 Data Logging
es Dot
0
-2, 10 Mana pen BOOL
]
New Variable 4 Integer 1-32 Bits Generic
Vijeo-Manager 5 Ctrl+\
EHVijeo-Manager || Paste Ctrl+V INT 16 Bits Signed
Import Variables... Ctrl+] UINT 16 Bits Unsigned
Base Panel Export Variables... Ctrl+E DINT 32 Bits Signed
Name Panell Variable Reference & Reports... Ctrl+T UDINT 32 Bits Unsigned
PanellD 1
- . REAL
Description Mew Variables From Equipment... STIE
Width Link Variables...
Height Update Link.. Folder
Back Color | NS

PublishTe Al Validate Variables... User Data Types 3
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Change the name of the Boolean-type "BOOLO01" variable. In this window, specify the
variable source (external in this case). In the Device Address property,

Right-click the "Variables" node in the "Navigator™ window, select "New Variable" and
click "Integer".

Change the name of the Boolean-type " Integer 01" variable to "High_level" in the Property
Inspector. In this window, specify the variable source (external in this case). In the Device

Address property,
- —
e s mE e w A B
Name A| Data Type ‘ Data Source | Scan Group Device Address | Alarm Group Legging Group
" Integer(1 Integer External ModbusEquipmer {40001 Disabled MNene
2 LI inp01 BOOL External MedbusEquipmer 00001 Disabled Mone
3 LT out0l BOOL External ModbusEquipmer | 00065 Disabled MNone

Basic Properties |Qaia Details I 10 Settings | Data Scaling I Alam |

Wariable Name Description:

|
Data Type:

Data Source: Sharing ScanGroup:
Ohema 1 tons
@ Extemal () Read Orily Device Address
() Read /Wrte ~ 000E5 )
Indirect Address

oK J[ Comcad J]

3.4 Create a Command Button

Select the "Switch" icon in the toolbar and draw an area on the panel where the button will be
placed.

Select the "Switch" icon in the toolbar and use it to draw a rectangle, defining an area on the
screen where it will be placed.

A -0 :*G@-E'A'@B@'E"@ﬂ

The Switch Settings window is displayed. Configure the properties as shown in the screen
below:
In the General window:

= Select 00001 as the switch style.

Under the "When TcgEh™ tab, click the icon and:
= Select the "BOOL" "Emptying" variable,
= Select “Set” which will switch ON the Emptying bit when the button is pressed

= Click Add to confirm the selection.
svicnseting: il i B, WES

I [color [ Label | visibiity | Advanced |

®nich it Lo Categry

Switch01

()2 wa



Under the "When Release" tab, click thgjcon  and:

= select the "BOOL" "Emptying" variable,

= select “Reset” which will switch OFF the Emptying bit when the button is released
= Click Add to confirm the selection.

3.5 Create a Numeric Indicator

Select the "Data Display" icon in the toolbar and draw an area on the screen where the numeric
window will be placed.

A-AND-0 > G -=-AF- W ?vvvmﬁ;_

The Numeric Display Settings window is displayed. Configure the properties as shown in the
screen below:

Numeric Displa

General | input Mode | Color | visibility | Advanced |

MName NumericDisplay01
Style 00026 -
Data Type @) Integer () Float
Variable | _@| @] Zero Suppress [ Enable Input Mode
§| | Display Digts € .o Display Zerofs)

I Format [ Digit Grouping

In the "General” tab:
Click theicon %] then:
double-click on the "Level" variable, then on OK in the expression editor,

To write in this indicator, Select the « Enable Input Mode » In the "Input mode™ tab.
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3.6 Create an alarm lamp

The lamp animates depending on the state of the variable: red if it is active and green if it is
inactive.

Select the "Lamp" icon in the toolbar and use it to draw a Lamp, defining an area on the
screen where the lamp will be placed.

AoANO-0 e = AB- T (B E-08

In this window, from the "General" tab:
Click the icon ] then:

» Select the "BOOL" variable,

> Retain the lamp style 10001.
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4 PLC Programing & wiring
4.1 Control Panel

Power Control Level Control Contacteur For Water
Breaker Breaker Relay Pump 3 phase

Delta

Contactorl1 for exhaust fan 1

Contactor? for exhaust fan 2

Contactor3 for cooling pump

B

Contactor4 for water Pump  wm l

Relay1 for supply fans 1 & 2 s

Relay? for Electro —

Power supply 24 V DC

Blue Relay 1 & 2 for Valve I
i
!

Relay3 for Fuel burner !

Contactor5 for exhaust fan 3

Version 12.04.22: Added: in top line: Contactor (changing power source: fuel generator/NLAP-IPP
Power (after full function)) (only for exhaust fan 2 (green fan)):
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PLC Jl wlc RS485 g0 “Modbus Protocol” Jeii 4.2
(GUI) «sulsll G PLC J1 sy 52 “Modbus Protocol” Juxé (1 caagll




Funetion Group COM Port Function

tem o™ |com1 | comz | com3
S —
Number Communication format D1036 | D1120 | D1109
Communication setting holding | M1138 | M1120 | M1136
ASCI/RTU mode M1139 | M1143 | M1320
Slave communication address D1121 D1255
Contents:

COM ports (COM1: RS-232, COM2: RS-485, COM3: RS-485) support communication format of
MODBUS ASCIIVRTU modes. When RTU format is selected, the data length should be set as 8.
COM2 and COM3 support transmission speed up toa 921kbps. COM1, COM2 and COM3 can be
used at the same time.

COM1:

Can be used in master or slave mode. Supports ASCIVRTU communication format, baudrate
(115200bps max), and modification on data length (data bits, parity bits, stop bits). D1036: COM1
(R5-232) communication protocol of master/slave PLC. (b8 - b15 are not used) Please refer to
table below for setting.

cCoMz:

Can be used in master or slave mode. Supports ASCIVRTU communication format, baudrate
(921kbps max), and madification on data length (data bits, parity bits, stop bits). D1120: COM2
(R5-485) communication protocol of master/slave PLC. Please refer to table below for setting.
COMS3:

Can be used in master or slave mode. Supports ASCIVRTU communication format, baudrate
(921kbps max), and modification on data length (data bits, parity bits, stop bits). D1109: COM3
(RS-485) communication protocol of master/slave PLC. (b8 - b15 are not used) Please refer to
table below for setting.

PLC J 2 RS485 x< “Modbus RTU slave” Judi zali 5

Cormrmunication Modbus BTU protocal by COME (RS-485)

M1002

— |

Enabling =
ingle posi
tive pulze

!MDV Ha D1120 |
COM2 [RS-4
55] commun
ication pr
!SET 41143 |
For COMZ(R
5-485), &5
CIARTU ma
!MDV K2 D111 |
COM1[RS-23
2] and COM
2[R5-485)
!MDV k100 01124 |
COM2 [RS-4
85 Commun
ication L
!SET 1120 |
Retaining

[T,

M1002: Enable single positive pulse at the moment when RUN is activate (Normally OFF)
H81: Set up communication protocol as 9600, 8, N, 1

D1120: COM2 (RS-485) communication protocol

MOV H81 D1120: Set up communication protocol as 9600, 8, N, 1

SET M1143: For COM2 (RS-485), ASCII/RTU mode selection (OFF: ASCII; ON: RTU)
MOV K2 D1121: COM1 (RS-232) and COM2 (RS-485) PLC communication address 2 (K2=

address 2)
MOV K100 D1129: COM2 (RS-485) Communication time-out setting (ms) (time k100=100ms)
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SET M1120: Retaining the communication setting of COM2 (RS-485), modifying D1120 will be
invalid when M1120 is set.

(BPC Boiler Pressure control) Boiler Jl ba.s o8 Ssill 4.3

Delta PLC 1

Pressure Sensor Condenser Atmospheric
Valve Valve

e 5 “Pressure sensor” J& (s« Boiler 8 i) baca | 3 PLC Ji : AUl J<al Je ¢ o4 aSail ol
“Condenser valve” & 14.5bar i “Condenser Pressure Setpoint” Jazs ¢ sk g Larall gl )
Jaxe iy s Boiler J) (250 haall #di 0 Lexie 5 Condenser J) ! 4k s s Boiler 3 il casasl

& A e 8 “Atmospheric valve” J) = 15 bar 6 “Atmospheric Pressure Setpoint”
valve JI laié 14 bar S “Min Pressure Setpoint” Jaze (I Jarall (=lidi) die g ¢! )

diao_u9 PLC Jl g0 “Pressure transmitter” Juog 4.3.1

Pressure transmitter J| clslse 4.3.1.1

COMPANY: GAMICOS
MODEL: GPT220
Range: 0-16bar

Output: 4-20 mA -

Power: 12- 36V —LL ) Redve [T @Mﬂ[ﬂ

Fressure

Temperature 2200 C ) Tranamitier

(+*) GreenVout | pinz2




PLC Jl g Sensor Jl Juog @b 4.3.1.2

Red\V+ |

PN Pressure
VO+ CHl - ) Transmitter
Green Vout PIN 2
"

M

PLC Jl »& Boilerdl bas sld 2oy  4.3.1.3
sl JSE Je o 5S barall 86 58 A8y Hha
(0 bar = 0 in PLC , 16bar =2000 in PLC) Sensor ¢ L PLC JI
408 15 (2000 = =1600 S x X T ) ot Lo dand aasaly Al 56l 5 ) PLC 156l 5 Jysad

sle D6 D5 (2 hiaig 5 o andi 3 D4 D3 (A biadg4 o pai oS D1 (A Ledaini g D1110 e psbesal)
- osbeal) ey 4l JS4
(0 bar =0 in D5, 16bar =1600 in D5)

Fead the pressure sensor

M1002
_| I !MDV k287 L1115 |
Enabling = Analog mod
ingle posi e selactio
tive pulze n(d: Yol
1000
_| I !MDV L1110 o1 |
Monitaring Average of
narmally Ex2 analo
open conta g input ch

! MUL32 01 k4 k] |
! DIv3z k] 4] b5 |
Actual Pre

FEUME

M1000: normal on
D1115: analog input/output mode setting
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r?u?:g::r Function
20EX2/5X2 analog input/output mode setting (Default=H'0)

bit0~bit5: Selection between the voltage/current mode (0: Voltage; 1: Current;
Default: Voltage)

bit0~bit3: Analog inputs (AD0O~AD3)

D1115 bit4~bit5: Analog outputs (DAD~-DA1)

bit8~bit 13: Current mode

bit8~bit11: ADO~AD3 (0: -20 mA~20 mA; 1: 4~20 mA)

bit12~bit13: DAD~DA1 (0: 0~20 mA; 1: 4~20 mA)

MOV K257 D1115: (257 decimal = 0000 0001 0000 0001 Binary),
Bit 0 = 1: analog input mode of ADO is the current mode
Bit 8 =1: current 4-20 mA.
D1110: analog input channel 0 (AD 0)
MOV D1110 D1: move D1110 in D1
MUL32 D1 K4 D3:
(D2, D1) x (4) = (D4, D3)
6. 32-bit binary multiplication

G+ & G+ Go B+ @>)
[b31.....b16][b15. ... b0]x [0b31  b16][616____b0]=[b31__ _b16][b15 . b0]
b31is a sign bit b31is a sign bit b31is a sign bit

DIV32 D3 K5 D5:
(D4, D3) / (5) = (D6, D5)

a2 S52ilg PLC Jl 20 “Atmospheric valve & Condenser valve” Juog 4.3.2

Condenser Solenoid valve Atmospheric Solenoid valve
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PLC Jl g0 “Atmospheric valve & Condenser valve” J| Juog @, b 4.3.2.1

vo+ ] [ss
10+ | [ X0
vio-| [ X1
vi+ | [ x2
1+ | [ X3
vii-| [ x4
vo+ | [ %5
12+ | [ X8
viz-| [ x7 P N
va+ | [ co
3+ | [ YO
viz-| [ v
FE || v2
voo|[ e
100 || ¢
Vo1l [ v Atm.
101 | [ Y4
AG | Y5
Con.

“Atmospheric valve & Condenser valve” u Sxill 2ol 4.3.2.2
Address I e sulall 33 5k o (Manual) g s» <& (Condenser valve) Ju 2Sa3ll (Sa
Jua ) s valve J zidé Y3 ON Jexié M10 I “1” Modbus Al ¢ o sulall (0 Jla 1) M10
Atmospheric valve Jb &Saill Lay (Sas (- valve J) Glxé Y3 OFF zeai M10 1 0"
M44 N "1 Syl 2iad Address M11 & M44 B e sl 3k oo (Manual) ¢ sy JS
S0 syl o Valve J) it Y4 Jii 238 M1 01 1% Oyl 23 s 05530 (o oSl g ol
. Valve J 3lad Y4 Jad 2id M11 JI

Condenser discharge valve

M10

_|I Lo ]

Condenszar Condenszar
M arwial Mem Yalve
ory

Mo

_|

Condenzar
ALt
b ermory

Atrmospheric discharge valee

hid4 k11
— | | | (v
At Atmos. Man Atmozpher
Auta / Man ual Memany o Walve

hid4 k1
At Ao,
Auto /Man Adto

temary
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) pressure JI gl xixé ; Pressure J Goob oo (Solesisl ISy “Condenser valve” Jb oSaill (Say
oS g5 950 bar ) 950 525 D8 JI #) “ Condensor Pressure Setpoint “Jy ¢ sbs (D5 J)
gshs (D5 J 8) Pressure J) (alasil xie 5 valve J @il Y3 dadila o0 il MO ON o (4liaed

s MO OFF zuaid (4baad oSy 5315 8 bar 5! 800 525 D7 J (4) “Min Pressure Setpoint”Jies
valve JI @laid Y3 Jaadi b 5

12

—/l

“Atmospheric valve” Ju aSadll (S (@ sulal) Aol 5 M44 Jb Saill i) “M44 OFF” o585 Leic
“Atmospheric Jaxs g sbs (D5 J (&) pressure J gl ) aizé : Pressure ! @b oo (Siola g IS

L )sn Allg M1 ON gaid (abiaad (S 35 10 bar ! 1000 52 5 D9 J) 2) Pressure Setpoint”
“Min Pressure Setpoint”Jaxs ¢ shs (D5 Jl 8) Pressure J) (=lisil xie 5 valve J) zaal Y4 Jads
valve JI @laid Y4 Jati b 0 Al g M1 OFF st (abaa (Sas 5315 8 bar s) 800525 D7 JV &)

!MDV Ka0o

 Pressune
Setpoint

BPC &utobda

D7

bty
Pressune
Setpoint

!MDV K350

Da

Condensor
Pressure
Setpoint

D5 Da

! [l K000

D9

Atmosphen
c Pressure
Setpoint

Achual Condensor
Prezsure Prezsure

Setpaint

D& D3

!SET

0

Condergor
Auto
Merman

!SET

Actual Atmogphern
Prezsure c Pressure

Setpoin

D& D7
Actual Fdin

Prezsure Prezsure

Setpoint

t

1

Atrnos,
Auto
bemom

!FIST

0

Condengor
At
bemaom

!HST

k1

Atmos,
Auto
bemaom

&I Modbus JV Gk o1l Bash g @pulall IR e 93 JSE Set point J) Jias zled) oSy

Auto Setpoint s s Jawill <Y "0" 5l address M12
055 Ol s PLC JI (883080 2 53a enia gl e Set point J) dpss zlewsdl (S
0.3 bar « & de x 3 ols 11 bar J) (i ¥ o)y JAeY) 58 “Atmospheric Pressure Setpoint” J)

34
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.“ Condensor Pressure Setpoint « J)
O s “Atmospheric Pressure Setpoint” hai ¥ o) caaé  Condensor Pressure Setpoint « JI L)
“Min Pressure Setpoint” o= 0.2 bar « J&Y1 de 4
“Condensor Pressure J (bai ¥ o)) iy s 33Y) 98 5 “Min Pressure Setpoint” J gas b 4
7 bar JV s e ) (=isi Y ()5 Setpoint”



M12
| }_~|< o7 K700 I !MDV K700 D7 ‘
BPC Autabda in Min
h Pressure Pressure Pressune
Setpoint Setpoint Setpoint
<|> D7 k1000 I !MDV k1000 D7 |
Iin Min
Prezsure Prezsure
Setpoint Setpoint
! ADD o7 K20 040 |
Hin
Pressure
Setpoint
_|< D8 040 I l MOV D40 D8 |
Condenszar Condenzar
Pressure Pressune
Setpoint Setpoint
! ADD ok K30 [sEY |
Condenszor
Pressure
Setpoint
<|< Da D41 I ! Mow D41 Da |
Atrnozphern Atrnozphern
c Pressure c Pressure
Setpaint Setpaint
<|> D& K1050 I !MDV k1050 D& |
Condensar Condensar
Prezsure Prezsure
Setpoint Setpoint
~|> D4 k1100 I !MDV k1100 D4 ‘
Atrmozpheri Atrnozpheri
c Pressure c Pressure
Setpoint Setpoin

(Turbine Govering System TGS) Turbine Jb =il by 4.4

Delta PLC 1

..llll‘.;‘lll‘..“.
T I TT I ]

RPM Sensor Turbine Govering Valve
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DA (e MA2 il 38 (7 bar Dlie) csthadl) sl ) Jaraall g lis ) wie » ) JSal Je )5S0 aSall ol
Sl J3A e Turbine J s s Turbine valve J) s aSaill o oo gulal)

A 308 1500 RPM Jalai Ae ) cilS 133 RPM sensor JMa ¢ Turbine J1de juw PLC J) ddad 5 1 58
3L y) valve J e dawisaby de PLC J) dezid 1500 J) 50 e (A A yuall cucasdls) 31 g 435 Valve J) i
Gt 13 W 1500 de e ) deal s (Turbine ) e s e 238 A 3003 ) g2 Valve J) g A
A sllaall de pull Jad s Valve ) & dad (=uéds Je PLC J) dex 1500 e )

dinn 9 PLC JI g0 “Proximity Sensor” Jl Jusgi 4.4.1

dloc @, b9 “Proximity Sensor” J| wla.olgo 4411
Proximity Sensor LJ12A3-4-Z/BX

NPN NO/NC Inductive Sensor Schematic wiring diagram

Brown 0=\
iv Load
Indu'ctlf e Biaidd
Proximity DC6~36V
Sensor
Blue o oV
Max 300mA

oball (e Aiana 33l il 381 2ie 5 (Contact Normally opened) & siie ZUdall & &< abuall Joe J
(Gl I ey
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PLC

PLC Jl g0 Sensor Jl Juogi @b 441.2

Browi
Indu.ctlf'e Black
Proximity
Sensor
Blue

PLC JI ¢d Jgall dc s luin Y 2ol 44.1.3

4 3,L3) “Proximity Sensor” bl 3 g3 caad JS & G JSEN Je ) 5<8 de pull ludial 44 )
238 UV 5 (T1) el I (pe dlh Canai saal laall S5 23 D20 JI 8 1 il s 5 L5 o3 X0
Je d..a;_\(T]_ ON)BAA]\ gg;aum} D2]_@Ls;_|} @tﬂ\g_&.aj‘;ﬁ_a\)}ﬂ\ = dﬁ;uﬁei.}’&dad‘
A e de jull QludaY (D0 & T1) Al jdeal oty g D22 J) A Ladai g dadall 8 de jul)

Speed Turbine
x0
_| I lDENT C243 K10a |
Inductive
Prozirmity
Sensor
1000
_| I !TMH T K5 |
b anitaring
narmally
open conta
T
/ I !DMDV C243 D20 |
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ue
T
_| I !MUL [kl KEO D22 |
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_| I lMDV D22 o |
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-INCP D20: When X0 is triggered, the content of D20 will be incremented by 1.
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-TMR T1 K15 : M1000 is ON, T1 is activated After 0,1 seconds (K5 x 0.1 sec = 0,5 sec), contact
T1is ON.

-When T1 is OFF move D20 in D21

-When T1 is ON : Multi D21 x 60 and move in D22; D20 is cleared & Reset T1

-When Reset T1 then the operation is repeated.

4 sSaillg PLC Jl g0 valve JI (single-phase motor) Jo0 Jusy 4.4.2

PLC Ju valve J| & >0 by, iy 5b 4.4.2.1

PLC
R I
Relayl
b y
1 Relay2
T -

Dl dadl o i 1368 Relay 2 s vic) slas¥) il Relay 2 s & sl duaiid Relay 1)
5 il A 18 (Valve J) il axie & jaall ol s Relay 2 < 55 xie 5 Valve J) 33e Y
Je potentiometer ¢ voltage 4w Je Juasd) Potentiometer J! 2 g s I (e cdés ) 33l y)
(valve J) 8 4t cosa

Potentiometer

Voltage Out Voltage In

G

A potentiometer is a manually adjustable, variable resistor with three terminals. Two
terminals are connected to a resistive element, the third terminal is connected to an adjustable
wiper. The position of the wiper determines the output voltage.
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Relay JI go & sall Juogs @b

4422

Ph N
Ph N
l 6 Relay 1 \' :
Relay 1 y eay
L] ] I ¢ ¢
Relay 2 4\ s\7 Relay 2
1 6
Motrl~yi 22 w1 w2 Motor 1~ vy 72 Ul u2
PLC JI g0 potentiometer Jls Relay J| Juog 4, ,b 4423
vor ] [5/5 =i +24V|[ 24G
10+ X0 11
V10- X1
vis | [ x2 R ) N
1+ X3 )
vii- | [ x4 9
V2+ X5
12+ X6
\V12- X7
V3+ Cco Al Al
13+ | [ Yo Relayl [——4%
V13- Y1
FE Y2
vooll e Al Relay?2
100 C1
VO1 Y3
101 Y4
Voltage Out Voltage In AG | [ v5
—= W
PLC JI wé Valve o xSl zoli s 4424

Ay oSail) ol gl YA e “M42 ON” Jsiiis 683 7 bar s D5 (& baicall oy Lavie
S“turbine valve” J) z3#

Celall PR e s I3 5l PLC J) & PID JI YA (1« “turbine valve” zié dams naat oy
(GUI)

D11 & Turbine J' &e ju 2« D10 & “Speed SetPoint” 4 slhaall A juill 25 jia PID J) Jeas

. D12 & Valve J) qidl 4, sladll 4, hall 2 aaas

“M42 S A8 “M20 OFF” 0585 Ladie (Sl 535l JS 4 gllaall valve J) g8 4y oSaill 55
R Jaia i “M42 ON” Laie Ll D13 Jais s jina xiill donss 51 Valve Ol zxids zeavs ¥ OFF”
.D13 A PID 0« 4l Valve J)
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I Gk oo "1 Ju)) (GUI) sulall BBA e (553 JS4 4 slladl valve J) 8 Ay oSall (S
13) D13 A valve J) a8l 4y iall dpnil) Jus yi &3 (0 3 “M20 ON” meai®  PLC-M20 Y Modbus
(100 @ Jasins 4a e SIS D13 (A Jus sl (80 S

Cantrol valkve £

o= valve J) z 4 potentiometer J) o= 1,585 s DAO (VO0) JMA (1 10V potentiometer JI s s
(200 1V potentiometeriead J) Lihaay (3las valve J) 58 Laie) D30 J) 8 baési s ADL (V1+) JSa
D32 b Jaény s 4y sie A ) 251 Jsai 3 (1700 in PLC) 8.5V Liabaay JulS JSs idl) xie 5 jn PLC)

_PotValue —200

(D32 =2 2

D15 & akis 5 (1700 J) 5200 J) o) &) N 4sthaadl Valve J) @it 4 siall daus Jy sl oy
. potentiometer J) 4ed ae 433 )i (1 (Saiil (D15 =D13 x 15 4 200)
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_{ I !F’ID [Ealn] D11 D00 D12 ‘
Fd onitoring Speed Set Spesd Twb 100 FID out 1
normally Pairt ihe
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!MDV k1500 D10 ‘
Speed Set
Pt
h420 h442
/l I I !MDV Dz 013 ‘
Autobdan TG [Compatible FID out 1 PID Cutput
S Valve pressue Y
/} !MDV KO D13 |
Compatible FID Output
pressure W
120
— }_|> D13 K100 I !MDV K100 D13 |
Autobdan TG FID Output FID Output
S Walkve ¥ Y



Caontral for turbing wahee

1002
_| i !MDV K2000 D116
Enabling = Analog out
ingle posi put [Da0=
tive pulze 10
1000
I !MDV 01111 D30
b anitaring Avwerage of POT wvalue
narmally Ex2 anala
open conta ginput ch
!SUB D30 k200 DA
POT walue POT value
-200
!DIV k]| K15 D3z
POT walue POT walue
-200 kS
!SUB D30 1] D33
POT value POT walue
-4
!ADD k) KE0 D34
FOT walue FOT walue
+4¢
!MUL 013 K15 D14
FID Dutput ]
¥
!QDD D14 k200 0156
p*18 [w*15] +
200

Valve Jl 33l maii sl “M40 ON” zuai, 200 (= S| Potentiometer J) dag cils 13
Valve J) 3Ael massi ¥ s “M40 OFF” zua, 200 Jale3 Potentiometer JI e culS 131 Ll
Valve JI zids zeans 51 “M41 ON” s, 1700 = S| Potentiometer J) das <ils 13
Valve JI s zansi ¥ s “M41 OFF” e, 1700 Jals3 Potentiometer J) das <ils 131

(1% =15 in PLC; 4% =60 in PLC)

valve J) el st mavs | 4% (o« SS) Potentiometer J) aad 5 4 slhall valve J) g das o @A oS 13)

<|> D30

POT walue

<|< D15

[y *158] +
200

_|> D15

[y=15] +
200

AS A e S8 490 e S8 BLU IS 13 Ll midll MBT 5 333U MBO 3 (s

K200 |

[ [ M40
D33 | !SET MED
FOT walue
-4
D30 | lHST MG
FOT walue
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D30
POT walue

015

[p=15] +
200

015

[p=15] +
200

k1700

034

FOT walue
+4 ¢

D30
FOT walue

[ EY ]

!SET ME1 |

!HST ME1 |

“M33 ON” zaai 4% e 2 5 L Potentiometer J) s (e SiS) 4 slladll valve J) i@ dad ) 585 Lavie

058 o) da s 4 slhaall dadll Jala3 potentiometer J) dad zaas Sia YO el 5 valve J) i
. 8,5V (= J¥ potentiometer

¢ Y1 ON sl 4% (e 2 3 L Potentiometer J) dad (e J81 43 slkaall valve J) g dad o 5S5 Ladie Wl
“M34 zuai “Relay2 ON” <ulS 136 <X 7 IV DA (e (Relay 2) olad¥) s P8, @MY ola) Ll a
o= S| Potentiometer J) ¢S of B & sllaall dail) Jaley Ly Y1 5 YO ddaud 5 valve J) Glxié ON”
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(GUI) wawlsdl DIs o ags LSaillg PLC Jl g0 “Exhaust Fans” Jl Juog 4.5

Exhaust Fan 3 Exhaust Fan 2 Exhaust Fan 1

Cylall 31k e g n IS fans J) Jeads &b A28 jadl) (e laall sl g8 “BExhaust fans” J) (w <agl)
Bl Ayl xie

PLC Jl g fans Jl Jwog d@,b 4.5.1

Contactor 1(C1) for Exhaust fan 1; Contactor 2 (C2) for Exhaust fan 2; Contactor 5 (C5) for
Exhaust fan 3.

. P N
(PLC DELTA DVP20SX2) (DVP16SP (Extensior :
A2 AL
va+ | [ co co
13+ || vo :? C1
vi3- | [ V1
Y2
A2
vFgo 12 :3 Cc2
o0 |[ci Y‘;
| -
Y7 A2
AG | Y8 s |
vo+ | [sis SIS {124v| | 24G |
10+ | [ %0 X0 [ +24V]
vio-| [ x1 X1
vi+ | [ x2 X2
11+ X3 X3 Ph N Ph N
Vii- | | x4 X4
vor | [ %5 X5
12+ | [ xs X6
vie- | T x7 13l X7 Lle L2ie 13l L1 L2 13k
c C C
14 TI[ T2 14 T T2 14
EF (M EF
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:Exhaust fans JI 4l y09 Sl 4.5.2
= Modbus J) iaul 52 (User interface) csmisll Gask e g5 S5 Exhaust fans J) 4l s oSadll o3y
Sl Jsa)
. Exhaust fan 1
o2 sl s Contactor 1 J) Jsis M g5 PLC-YO0,Extension ) (PC) o= "1" Jwe ) ; fan b aSa3l)
fan J) Jeiy
fan Jl daty sy 50 521 5 Contactor 1 J) —wd &8 M 525 YO,Extension I "0" b))
Jaxi fan JI o) a5 o4 5 PLC-X0,Extension = “1” gl Contactor J Juis die : fan J) Als 48)
Jaxi ¥ fan J o) S8 4 5 X0, Extension = “0” J 0S8 J saie Contactor J) o5 Ledie

:Exhaust fan 2

o2 sl s Contactor 2 J) Jsis M s25 PLC-Y1,Extension ) (PC) o= "1" Jw ) : fan b aSa3l)
fan J ey

fan Jl daty sy 50 521 5 Contactor 2 J) s 58 ) 525 Y1, Extension I "0" b))

Jexifan JI o) a3 4 5 PLC-X1,Extension = “1” zai Contactor J! Juis xie ; fan J) Alls 480
Jexi ¥ fan Jl o &8 a5 X1, Extension = “0” J 0558 J saie Contactor J) o5 Leaie

:Exhaust fan 3

fan J) dxdy e 90 35 Contactor 5 J) Jiis ) 525 PLC-Y2 A (PC) e 1" ) : fan Jb aSaill
fan J) dads o5 53 3 5 Contactor 5 J) <58 (N 523 Y2 A1 "0" Jl ) W)

Jexi fan J o) (Fmd A 5 PLC-X2 = “1” zual Contactor J) Juds die : fan J) Alls 480

dexi ¥ fan J o) (a3 a5 X2 =07 J 0588 J ade Contactor JI 58 Leaie

(GUI) Gguls)l X5 0 age sSxiillg PLC Ul g0 Supply Fans Jl Jucg 4.6

Supply fan 1 Supply fan 2

$s% dSafans J) dasedi oy N (9 jall dlee ) et ol 5glla 48 jaall 295 55 8 “Supply fans” d) (e <oagll
Gl iy sie (GUI) osmdall I (5
PLC Jl g fans Jl duoy @b 4.6.1

(Relayl for Supply fans)
(DVP16SP (Extension Unit))
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co
Y0 | ]
Z
V2
V3
a4
Y5
/s

Al

R1

| >

+24V
24G |—

Supply fan1 Supply fan2

:Supply fans Jl 48l 09 <3l 4.6.2
JI sl 5 (User interface) wswlsll @ik ce g5 IS Supply fans J1 48) e g aSaill 25
s Sull gl Je Modbus
sdsRelay 1 J) dswdi A 25 PLC-Y4,Extension ) (PC) o= "1" el ; fan Ju aSaill
fans J) dada oy 50
fans J) ety oy 50 sl s Relay 1 ) —wd ¢ A g2 Y4,Extension 1 "0" Jbe) W
fans JI o) 5 4 5 PLC-X4,Extension = “1” gl Relay J) il xie : fans J) Al 481y
Jan
S Y fans J o) (S25 o2 5 X4,Extension = <07 J) o588 4 pads Relay J) 55 Lexie

(GUI) wgulsl s o lgs pSaiillg PLC JI g0 “Cooling pump” Jusgi 4.7

G S Pump J) desdis iy N a0l 3 il olaals Condenser J x5 “Cooling pump” (e <eagl)
. “Turbine valve” s “Condenser valve” J) zi& ladie (GUI) gl 3ol 5
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PLC Jl g “Cooling pump” Jl Juogi d@s,b 4.7.1

(Contactor 3 for cooling pump)
(DVP16SP (Extension Unit))

p N

Co I
Y0
Y1 A
- 5 c3 Al
¥3
o j==——ir24v] [ 24G]
X0
X1
X2
] Ph N
X4
X5
X6
X7 Lls L2ls 136

C

TI[ T2 14

Cooling pump

:Cooling pump JI 4l 09 2Sxill 4.7.2

Jsall Je Modbus J1 ddassl 52 (GUIT) csslall ok e 550 dS& Cooling pump J) 4 e s oSaill o)
: Sl

@5 Contactor3 J) Jais M g2 PLC-Y2,Extension ! (PC) ¢= "1" byl : pump Ju aSadll
Juaty o 92 53l s Contactor3 J) —d &5 J 2% Y2,Extension A "0" Jbuyl Wl pump J) Jadis o s
.pump J
pump JV &) =3 4 5 PLC-X2,Extension = “1” zuad Contactor J) Jsds die : pump J) Alls 4381 5
S Y pump J O S23 o4 5 X2, Extension = €07 J) (5838 4l sade Contactor J) s ladie 5 Jaas

(GUI) o)l P 0 gy Siillg PLC Jl g0 “Water pump” Jl Juogs 4.8

S5 IS pump J) deals oy A “Jevel-Max” 253 S Wb Boiler J) ol 33 Sk s “Water pump” oo <))
Al Jaii J8 ((GUI) @sulall IIA (e
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PLC Jl g “water pump +” Jl Juogi 4, b 4.8.1
(Contactor 4 for water pump 1~)

(DVP16SP (Extension Unit))

P | N
Co I

Y0

Y1 A

Y2 [
v 2 ca A
S5 ——+24v] | 246

X0

X1

X2

X3

X Ph N

X5

X6

X7

T T2 14

T
Water pump @

:Water pump Jl 48l 09 Saill 4.8.2
Modbus J! 4das 52 (User interface) «suall G yh e 90 JS& Water pump J) 481 e g oSl o4
;g e
s s Contactor4 J Jseiis N 25 PLC-Y3,Extension ! (PC) ¢ "1" b)) : pump Ju 2Sail)
Juady o) 52 53l 5 Contactord J) —ad 8 N 2% Y3,Extension ) "0" Jw) Wl pump J) Jada o s
.pump J!
pump JV &) =3 4 5 PLC-X3,Extension = “1” zuad Contactor J) Juds die : pump J) Alls 4381 5
S Y pump J o) Sx3 o4 5 X3, Extension = €07 J) (558 A sade Contactor J) o5 badie 5 Jaad

(GUI) wgulsl X o lgs pSaiillg PLC JI g0 “Fuel burner” Jl Juog 4.9

i Al g8 gl (5 oal) Alee Ay ) LD Jandi A G Gua) Al T2 58 “Fuel burner” Gall Ge cingl
ol ddee il dalall ie ol 3 all dulee Tl (GUI) @suall 335k G (55 IS5 (31 all diais
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PLC JI g0 “Fuel burner” J| Jusg s ,b 4.9.1
(Relay3 for Fuel burner)

(DVP16SP (Extension Unit))

co
kit p N
Y1
Y2 |
Y3
Y4
Y5 A
Y6 5 R3 Al
Y7

+24V SIS
X0

24G — X

| 24G ] x Ph N
X3
Xa
X5
6 R3 6e le 11
X7

7 3 9

Fuel burner

:“Fuel burner” JI @l 09 <=ill 4.9.2
(40 ool s LS 31l e 3 s sall Gl Je dniemi o) i)
e Modbus J) 4daul 53 (GUI) suadl 325k e s 93 IS “Fuel burner” J) 48 ja 5 o8l 24
- Sl Jsa)
Relay3 J Jwis ) s25 PLC-Y6,Extension ) (PC) ¢» "1" Jw ) : Fuel burner Jb aSadl)
Relay 3 J) «ad s I 525 Y6,Extension I "0" Jws) W) Fuel burner J) Jadis s 33 531
.Fuel burner J! duads o ) 52 (531
J o) 23 45 PLC-X6,Extension = “1” zual Relay J) Jiis xie : Fuel burner J) A 48) 5o
.Jexd J 5a 5« Fuel burner
Jsaie Fuel burner J o) 23 4 5 X6,Extension = “0” J) (558 4 saie Relay JI 0 5S5 Laie
ey Y

(GUI) Gawls)l DIs oo gy Sl g PLC Jl g0 “Electro filter panel” J| Juogi 4. 70

JS& “Electro filter panel” Jsds iy SlIA 48 jaall (e 7 sa0 s2ll o) 5¢d) 4485 “Electro filer* (s <aagll

PLC Jl g “Electro filer panel” J| Juog d,b4.10.1
(Relay?2 for “Electro filer panel”)
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(DVP16SP (Extension Unit))
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— 5 R2
+24V SIS
= Ph N
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Jl daul 51 (User interface) csslall &b oo s IS4 “Electro filer panel” J1 48 e 5 oSadll &5
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“Electro filer panel” J) Jada o 52 s 5 Relay?2
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2 o2 9 PLC-X7,Extension = “1” muai Relay J) Jwids xie ;. “Electro filer panel” J) s 48) ya
Gaxal J g 5a “Electro filer panel” J ¢

“Electro filer panel” J) &) a3 45 X7, Extension = “0” J) 588 4 seaie Relay J ¢S Leie
dexy Vg J saaie
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(GUI) Ll Pls o Lgs pSaiillg PLC g0 “Condenser Water Tank Pump” Jl Juogi 4. 77

PLC Jl g0 “Condenser Pump” J| Jusg @i b 4.11.1

P | N
V3+ Co
13+ Y0
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VOO .
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101 Y4
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Pump
“Condenser Water Tank Pump” JU <3l 4.11.2
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s e W) pump J) des Y5 ON s Y5 117 Jla ) 2:2) Address PLC-Y5 3 oy
( pump J Jeaisé Y5 OFF s Y5 1 10"

“Level Control ¢ “Water Steam Cycle Main Pump (3 phases pump)” J| dusogi 4. 72
g2 132illg PLC Jl 20 Relay”

Water Steam Cycle Main Pump (3phases)
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Level Control Relay (PNSA 230 100)

PNSA 230 100

CONTROL o€ ves.
Z0VCA S0B0Hz

® f
= e
- X
B 3 @
OR0)
L . N
BEoSTEENT

Level sensors

s i £ 46 GI5AN OIS 138 ¢ s ) Sies IS 139 Boiler U1 0l 33 3 e Level Control g i)
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.Level-Max
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8 OAN o) Jml 4 PLC-X6="17ulu
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PLC- il s J seaie 3-1 Relay J) zUiall muas [evel sensor — Max 25 ) o) 5all Sty Levie
Sliae GlAN ol =5 A 5 X6=707

PLC Jl g0 “Water Steam Cycle Main Pump (3phase)” Jusgi4.12.3
(DVP16SP-Extension Unit)
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. Pump
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— |
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4 .13 Electrofilter Current Monitoring

The electrofilter uses a high voltage potential between 2 coductors that charges the light polluted gas coming
from previous filtering stage (and thus generates a small current at the secondary) and makes them heavy.
These heavy particles will then drop down and thus significantly reduce the total pollution coming from the
station.

To ensure the functionality of the electrofilter, a non-invasive current sensor is used to measure the
current at the primary of the HV transformer. The current sensor used is shown below which has a
linear curve and the following specs:

Figure 1. YHDC Current Transformer
Table 1. YHDC SCTO013-010 Specs

Parameter Value
Rated input 0—104
Rated output —1to 1V
Accuracy +1%
Linearity <0.2%
Turns ratio 1: 1800
Working voltage, frequency 660V,50 — 1KHz

4.13.1 Connecting the Current Sensor to Controller
The current sensor produces an output voltage between -1V and +1V which represents -10 A to +10A
respectively. However, every controller accepts only positive analog numbers (0 — 5V in case of Arduino) and

(-10V-10V in case of PLC), so an offset is a must. The below circuit in figure 2 is designed to offset the

readings coming from the current sensor.

V1
230V AC

R
| SCT-013-010 33R

u

=

To Arduino Analog Pin

+ Vref

R1
100k

IS4 1
et .

LOAD

—— -

R4
100k

Figure 2. Current Sensor with Offset Schematic
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R1 and R4 are used to divide the reference voltage by half. So, the voltage across the capacitor is:

Ry

1
= XV ==XV, 1
R1+R4 ref ref ()

v,
¢ 2

If Vyer =5V, the measurements from the current sensor will be offset by 2.5V. And thus, the output
from the sensor will be between 1.5V and 3.5V. The reference voltage affects the selection of the burden
resistor (R5) which is chosen according to:

Arer X1

R Q) =
burden 2\/5 % Ipmax

(2)

Where:
> A..r: Reference voltage in V

» n: Current transformer number of turns (= 1800)

> Ipmax: Maximum primary currentin A (= 10 A)

4.13.1.1 Extracting RMS Readings
The current sensor measures instantaneous current by converting the electrical field generated by the

current passing through a conductor into voltage. The drawing below in Figure 3 shows the location of the
current sensor in the real system. The CT is connected into the primary and the readings will be transformed
to secondary by ideal transformer relation between the 2 windings as in equation (3) below.

Controller + Current
Transformer

| I .|
Y,

Electrofilter
Ce) 220V 12KV clrofi

Figure 3. System Diagram

Vi I mny
V, L m

(3)

The procedure of extracting the current from the CT sensor is discussed in the flowchart below in figure 4.
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N =200

Result

\
: |
! |
i |
| I
! CTIli]l = |
:/ analogRead(CT_pin) / E
| = Viei/2 '
| :
: :

[ Wait for 500 ms ]

Figure 4. Programming Flowchart

In order to calculate the RMS current (which follows equation (4) below) from instantaneous current

measurements, the code is divided into 3 sections as seen above:

N

s = e % g [ (CTanaon V30020 @

» Loop 1: In this loop, 200 analog readings taken from the CT are subtracted from the
offset value (Ve / 2) and are saved in an array.

» Loop 2: The values of the voltages in the previous loop (generated by the CT with an
offset) are squared and integrated.

» Result: In this section of the code, the RMS value of the current is calculated by doing a

square-root of the integrated square voltages (which are image of the current) and then
multiplied by the conversion factor (Ical = 0.1 E) which is given in the datasheet of the
YHDC SCT013-010 CT.

4.13.1.2 CT and Arduino Testing
Before connecting the CT to PLC, it was tested by Arduino to ensure its functionality. The circuit in figure 2

was connected with V... was set to 5V, burden resistance was put to 50 ohms, and a load of 40 W (or 0.18 A)

was tested. A commercial Ammeter was used to make sure the readings generated from the CT are correct.
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As can be seen from the results below, the CT connected to an Arduino gave the exact same current reading

as a commercial ammeter.

O T T

The Arduino code is listed below:
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const unsigned int numReadings = 200; //samples to calculate Vrms.

int readingsVVClamp[numReadings]; // samples of the sensor SCT-013-010
int readingsGND[numReadings];  // samples of the span

float SuUmSqGND = 0;

float SumSqVClamp = 0;

float total = 0;

int PinvVClamp = AO; // Sensor SCT-013-010
int PinVirtGND = Al;

void setup() {
(115200);
[l initialize all the readings to 0:
for (int thisReading = 0; thisReading < numReadings; thisReading++) {
readingsVClamp[thisReading] = 0;
readingsGND[thisReading] = 0;
}
}

void loop() {
unsigned int i=0;
SumSgGND = 0;
SumSqVClamp = 0;
total = 0;

for (unsigned int i=0; i<numReadings; i++)
{
readingsVClamp[i] = (PinVClamp) - (PinVirtGND);
@: 1
}

/[Calculate Vrms
for (unsigned int i=0; iknumReadings; i++)

{

SumSqgVClamp = SumSqVClamp + sg((float)readingsVClampli]);
}

total = sgrt(SumSgVClamp/numReadings);

total= (total * 0.1);

. (String(total) + " A™);
(500);

}

413.1.3CTPLC
The connections of the current sensor and the PLC are shown in the diagram below:
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vo+ | [s/s
Current- or 1 o
Carrying vio-| [ x3
Line Vi+ || X2
11+ | [ X3

\ vit- | [ x4

va+ | [ X5

Red + | 124 X6

vi2- || x7

Black - | V3+ co

13+ | [ Yo

vIz- | [ Y1

FE Y2

voo|[ e

100 || ¢t

vo1|| Y3

101 ][ Y4

AG || Y5

Figure 5. CT with PLC Connections

4.13.1.4 Experiment 1 (Not Recommended)

1002
_| I MO K200 o1
Enabling = Nurnber of
ingle posi loops
tive pulze
}MDV 1] D2 |
Max
}MDV K200 DEd |
1MDV 1] DBl |
}MDV K10000 DEz |
}MDV ] DE3 |
1000
I lMDV o112 o]
td anitoring Average of ADZ2 curren
normally Ex2 analo tval
open conka g input ch
oo oo 03
ADZ curen ADZ curren analog squ
tval tal ared
lSQH D3 D4
anhalog =qu
ared
C4 L&D b5
<|> D5 D2 I IMDV D5 D2
Max M ax
END
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>
>
>
>
>
>
>

And finally, the value stored in D5 should be divided by (

M1002: Enables a positive pulse at the start of the PLC.
MOV kO D2: Set D2 to 0 which describes the max value later.
MOV k200 D60: Set D60 to 200 which corresponds to 1V analog input max sensor

input(ZOO bit X 10V.).
2000 bit

MOV k0 D61: Set D61 to 0 which corresponds to 0V analog input minimum sensor input.
MOV k10000 D62: Set D62 to 10000 which corresponds to (1000 mV X %) that represents the

desired upper limit scaling for input.

MOV k0 D63: Set D3 to 0 which corresponds to the lower limit scaling for input.
M1000: Monitoring normally open contact (closes when the PLC runs).

MOV D1112 DO: Move the current readings from the AD2 (Analog input 2) to DO.
MUL DO DO D3: D3 = D0?

SQR D3 D4: D4 = VD3

SCLP D4 D60: Scale the square-rooted variable D4 to numbers between 0 and 10000.

> D5 D2: if D5 is greater than D2 (D2 represents the max value), put the max value equal to D5.

1 1 .
~ —) to get an estimated value
1000 xv2 1410

of the RMS current.
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4.13.1.5 Experiment 2 (Working Well)

M1002

— |

Enabling =
ingle posi
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M0

— |

10ms clock.
pulse, Bm
3 OM/Sms 0

co

—

1 delay pa
zsed?

<|= DEQ

loop court
=

D50

loop count
el

D52

M. of loo
p

lMDV Ko D&
loop count
=
lMDV Ko D&l
integrator
lMDV K250 D&z
Nb. of loo
i3
lCNT co K1
1 delay pa
s5ed?
D52 | lMDV oz D53
Mb. of loo Awerage of ADZ curren
ps Ex2 analo tvalue
ginput ch
lMUL D53 D53 D54
AD2curen AD2cumen ADZ Square
t value I value d
l oo D& D54 D&l
integrator ADZ Square  integrator
d
INC D50
loop count
e
RST i
1 delay pa
ssed?
lDIV D&l D52 DES
integrator Mb. of loo temp opera
[=3 tior
lSE!Fl DE5 DEE
temp opera RS curen
tici t
lMDV Ko DED
loop count
=S
lMDV Ko D51
integrator
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e M1002: Single positive pulse at the start of the PLC.
e MOV kO D50 (Init step): set the loop counter variable to 0. Used to count the integral loops.
Necessary for taking several actions.
e MOV k0 D51 (Init step): Begin the integrator with 0. This will be used to accumulate the voltages
generated from the current transducer.
e MOV k250 D52 (Init step): Number of loops. The RMS current will be calculated every 250 loops.
e M1011: 10 ms clock pulse (5 ms ON and 5 ms OFF).
e CNT CO k1: Enables a counter to only count for a single shot (each 10 ms). It is used to schedule
the current readings at 10 ms.
e If 10 ms passed (CO counts 1) and the loop counter is still less than the number of loops:
> MOV D1112 D53: take a current measurement from AD2 and store it in D53.
> MUL D53 D53 D54: D54 = D532. The squared values of the voltages generated from
the current sensor are stored in D54.
> ADD D51 D54 D51: D51 = D51+ D54 = [ D54. Nothing but an integration
process.
> INC D50: Increment the loop timer by 1.
> RST CO: Reset the counter.

e If the loop counter is equal to the number of loops:

> DIV D51 D52 D55: D55 = 251 — __integrator

D52 number of loops’

. _ _ _ integrator
> SQR D55 D56: D56 = Currentgys = VD55 = /—Number P Tr—

» MOV k0 D50: Clear the loop counter.
» MOV kO D51: Clear the integrator.

The RMS current (D56) is the desired value to be read. It should be divided by 20 to have the full
reading of the current. A typical result is shown below. The real RMS load current is
approximately 0.2A. The RMS current calculated by the PLC is found to be 4 (k4). This number

should be divided by 20 (10é x — - _14 ) to give (4 bits X 4 _ 0.24).
v 7 2000 Bits 20 Bits 20 Bits
ko k4
-{S0R D4 D5
FRMS Curren

k
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PLC

Pressure Sensor  Condenser Atmospheric Valve
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=% 15 bar 41 el s Lekis) PLC JI ol é;ﬁufj‘ Jg-@ valves JI (3 M\ Ojg.g
155 ) loxal) J-»Q Lelis Ll | valve ki 14.1bar () Lxzll a3y Lliey Condenser valve

4.14.1 Communication between Vijeo software and the PLC

. Valve JV sl 14.1 bar 1) lox2]l R4 Ledisy atmospheric valve Cut;ﬁ bar

Dvp20sx2
By i
Convertisseur sériel
Ex9530
w
RS485 «~ USB

oy yaill s EX9530 Al 51 Ui Vjjeo J) gslin ga PLC J) oy !

4.14.2 Configure the communication settings

The communication parameters are given in the following table:

Item Specification
Protocol Modbus (RTU)
Port COM2

Slave address 2

Baud Rate 9600

Data bits 8

Parity None

Stop bit 1

Application development

In this application, the Vijeo software:
Read the status of atmospheric valve
Read the status of condenser valve
Manual Control of atmospheric valve
Manual Control of condenser valve
Monitoring the pressure

Write in the PLC default pressure for test

The Application Settings are given in the following table:

Parameter
Device in The address in Function Action
PLC decimal
M4 02053 Read Status of atmospheric valve
M10 02059 Write Control of atmospheric valve
M11 2060 Write Control of condenser valve
Y3 01284 Read Status of condenser valve
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D5 44102 Read Monitoring the pressure
D7 44104 Write Write the default pressure for test

4.14.3 Create a Project in the Vijeo software for PC

1) Creation of a new project and one chooses Modbus RTU Protocol
2) Creating variables

Targetl - Panell - Languagel - Targetl - Variable Editor X

T N EE T Y
+% Resource Library - -
AR e Mame A Data Type Data Source Scan Group Device Address | Alarm Group Logging Group
+ L?E‘ Recipes 1 D5 Integer External ZIMndhusEquipmel 44102 Disabled None
+E Data Logging 2 D7 Integer External MedbusEquipmer 44104 Disabled MNone
... ] Variables 3 LT W10 BOOL External MedbusEquipmer 02059 Disabled MNene
—'}; 10 Manager = n LI M1 BOOL External MadbusEquipmer 02060 Disabled None

=l ModbusRTUOL [ : L1 M4 BOOL External MedbusEquipmer 02053 Disabled None
- 08 MadbusEquij : :
< - - [ Lrys BOOL External ModbusEquipmer| 10284 Disabled MNene
3) Creation of the supervision page.
Targetl - Panell - Languagel X | Targetl - Variable Editor

2]

[5] vUEO_PLC_DVP_TEST

—ﬂ Targetl

=iz Graphical Panels
|'|:| Base Panels
Popup Windows

Master Panels
@ Forms & Reports
[&} Actions
+_.--- Environment
+% Resource Library
+{‘ﬁ% Alarms
L, Recipes
& Data Logging
: Variables

+-- %, 10 Manager

@E Vijeo-Manager @Project

4) Definition of the communication parameters in the "Driver configuration" and "Equipment
Configuration" windows ((the communication parameters in the "IO Manager" node from
the "Navigator" window).

Projet - Panell [All] - Languagel X

o 0 100 200 20 400
=
+ %l Resource Library o Driver Configuration @
+-Fg Alarms
i Recipes Manufacturer: Schneider Ekctric Industries SAS  priver:  Modbus (RTU)
-[&] Data Logging
-] Variables
=, 10 Manager c COM Port COM2 ~|  Party Bt | None |
2. ModbusRTUOL [ COM2 |
-89 ModbusEquipment0l _ Serial Interface R5-485 Stop Bit |1 v|
4 m 3
EEVijeo-Manager @Project Flow Control None Data Length
Tr ission Speed | 9600 - Rev. Time Out 1 = Sec
Drriver
MName MeodbusRTUOL Retry Count 2
Nait Ti 4 - S
Manufacturer TX Watl Time o ™=
Driver . Default value v
Configuration |_\
String Encoding  ASCI =]
oK ] | Cancel | | Help
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Equipment Configuration @
il
- - Equipment Address
7y Resource Library - ) _
i nﬁ“; Alarms Slave Equipment Address: E = Dec
I Recipes
[5) Data Logging Communication Optimization
Variables Preferred Frame Length ICustnm -
3.2, 10 Manager i
—@ MeodbusRTUOL [ COMZ ] 120 = bytes
i@ ModbusEquipment0l
4 LLI] * [ EC81131 Syntax
@'\-"ijea-r-.lanager Project O-based (Default
Equipment Variables
MName ModbusEquipment0l Double Word word order IHigh word first v‘
Equipment )
Configuration ASCI Display byte order ILuw byte first v‘
+ ScanRate Medium |T|
Dialog Table u [ 0K l l Cancel I [ Help J
4.14.4 Create Project in the WPL soft for PLC
Communication Modbus BTU protocal by CORE (RS-485)
1002
I !MDV Ha1 C11z20
SET 11143
!MDV K2 01121
!MDV K1a0 L1129
SET 1120
Fead the pressure sensor
M1000
_| I IMDV K257 01115
!MDV L1110 o1
lMUL32 01 K4 D3
IDIV32 [ok] K5 [l

Comparison The pressure sensorwith setpoint

»= D5 k1so0 | SET MO

<= D5 kiso | RST MO

<= 05 k1410 I RST M1

If the pressure >= 15 bar, MO ON & if the pressure <=14.1 bar, MO OFF
If the pressure >= 15,5 bar, M1 ON & if the pressure <=14.1 bar, M1 OFF

<|>= D5 k1550 | SET M1
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Condenser discharge vake

M0

_|I I

M10

_|
by Y3 If MO ON or M10 ON from User interface, Solenoid valve Open

Atmospheric discharge valve

— | lMDv K2000 D10 |
lmuv D10 D116 |
M1000
| | lmuv D111 D11 |
~|> D11 K1500 I [ oMe
M1 M11
/ /}_{> D11 K300 I (A B
1
I (M2 )
M1 1
| | /|
_||_~|< D11 K1E00 I |/| [ M3
M11
M2
I [ o 1
M3
END
132/ 15,872 Steps $X2 (PLC Station Address: 2)

If D11> 1500 (the PLC Read from potentiometer > 7.5V), M4 ON (status of valve is open).

If M1 ON (the pressure >= 15.5 bar) or M11 ON from User interface & D11<1600 (if the valve is
incomplete opening) & Y1 OFF, M3 ON (the valve is open by Y0)

If M1 OFF (the pressure <=14.1 bar) & M11 OFF from User interface & D11>300 (if the valve is
incomplete closure), Y1 ON & M2 ON (the valve is close by YO & Y1)

Note: For test we replaced D5 (real pressure) by D7 (default Pressure from user)

Camparison The pressure sensor with setpoint

<|>= D7 K1500 I SET MO
<|<= D7 K1410 I RST MO
<|>= D7 K1550 I SET M1
<|<= D7 K1410 I RST M1
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4.14.5 Simulation
‘u’ijeo—DesignerRuntime5.0.0.53? ’?‘ = @

[5] Vijeo-Designer Runtime 5.0.0.537 o[-

Boiler pressure Control

Condenser Disc Ve Atmaspheric Dischs:

=] F @

ressure for test

67




4 15 PLC Code

Code repository:

GUI (C#) Source Code

http://aecenar.com/index.php/downloads/send/5-
nlap/840-nlap-ipp-gui-code-ver-2022

PLC Ladder Code

http://aecenar.com/index.php/downloads/send/5-
nlap/839-nlap-ipp-plc-code-ver-2022
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5 Graphical User Interface (GUI)

5.1 Introduction

The graphical user interface (GUI) is used to monitor and control the power plant.

It is developed in C# using visual studio 2017.

The main task of the GUI is to initiate and monitor the plants, intervening from time to time. The
main control has the control unit with their PLCs.

The PC running the GUI is connected with the Control Unit via Modbus RTU (see figure below)
using a USB to Serial adapter (see figure below). To establish working connection drivers are
necessary. For driver installation instructions and more information see Modbus-connection in the

Appendix.
= Monitoring
a | (+control)

Modbus RTU

Control Unit
(PLCs)

TR & o { &

incinerator power control

feedwater and extraction steam turbine generator loop

loop loop

Most of the power plant is directly connected to the Control Unit and thus visible in the GUI and
possibly also controllable. But a few things are not. Below the camera, which monitors the
combustion chamber. More in the chapter camera.

In this document we will see how the GUI-Software is structured, what it can do, and how it's
started and used. In addition, the source code is included in the appendix, as well as other
instructions that are helpful in the further development.
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5.2 Software Structure

5.2.1 Class diagram

@, ipc_window IPC \
Klasze
= Form
@ sm
i BPC e 9‘ sm f StateMachine
Klasse Klasse
PEEN— G. bpc_w... -+ Form
™ g —_— @ s b Felder
Klasse A _ :
-+ Form a tgs_wi.. ) @ :m b Eigenschaften
s b Methoden
Klasse
—+ Form
@ m
G. le_window Lc u
Klasse
= Form
Visualisation (GUI) Operation

‘. ipc_window

» Felder

» Eigenschaften

Method,
L3

Program R
Klasse
4 Metheden
@, Main
ﬁﬂ. gModbushaster IModbusMaster ConnectionForm ¥
i Klzsse
—+ |Disposzable -+ Form
=]
@ & p T e -
s filelogger Filel 1 r A # :
Klasse | Static Klasse 1
1
\--—-—-—-—--Jl

Connection/Management

( IModbusMaster

\

9. le_window
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5.2.2 Activity diagrams
The following diagram shows a simplified view of how the state machine works

The following diagram shows how an GUI page works
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5.2.3 Sequence diagrams
The following diagram shows an controlling interaction example (hames may differ from code):

s S

User GUI-Page

I

| 1: | ModbusMaster
2: click on Open Valve | W - """ —-—-—-= P [0 -
L 3: Connect() T

2.1: open valve 1. |
" <]

3.1: Connect to Slave(s) (PLCs)

2.1.1: writeRegister(address x true)

]

L
2.1.1.1: send Command to Serial port (to Modbus slave)

————

Powered BY Visual Paradigm Community Edition 0

R s

e e o e i

5.3 Pages

5.3.1 Overview

In the overview the most values/states of sensors and actuators are monitored. The control of some
actuators is also possible (supply fan, exhaust fans, Fuel burner, cooling pump, water pump &
condenser pump).

Cherview

Enilzr Pressur Control

0
o
]
I
o
-
[l

Turbine Government System current pressure

Incenerator Power Control

current atmospheric valve opening

)| <[

LEVEL CONTROL
TGS

current turbine speed

FILTERING SY¥STEM

[
Supply fans 1- 2 _l
exhaustfanl l:l
exhaustfanz _I
exhaustfand _I
Water Pump _l

caoling pump _I CMD OFF @

CMD OFF
Fuel Burner _I current RPM sensor test status
Condenser Purp D OFF current Potentiometer

' ' —- =
“n ~ =

condenser valve opening

P | T—

Current valve opening

%

Color indication for states (Text fields):
For supply fan, exhaust fans, water pump, cooling pump, Fuel Burner:

-Red->False/OFF _I
-Green->True/ON I:I
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For atmospheric and condenser valves:

current atmospheric walve opening condenser valve opening
-Red-> CLOSE I I
current akrospheric valve opening condenser valve opening

E— }|<  ——
-Green-> OPEN

Color indication for control commands (Buttons):

For supply fan, exhaust fans, fresh water pump, cooling pump, Fuel Burner & Condenser pump:
-Red—>False/OFF Command is send (the state field should also be red (OFF))

-Green->True/ON Command is send (the state field should also be green (ON))

IMPORTANT NOTE:

- If the buttons have a different color than the statefields, that means something is wrong with the sensor or
the actuator.

- If the buttons don’t change the color by clicking, that means something is wrong with the connection.

From the overview you can reach the other pages by clicking on the respective buttons (left upper side).
5.3.2 Other pages

5.3.2.1 Boiler pressure Control (BPC)

On this page, it’s possible to view states of and control the atmospheric valve, condenser valve,
and pressure. It is also possible to set different pressure setpoints (which affects the automatic
opening and closing of the valves).

Eoiler Pressure Contral

Pressure
[] autojman  AUTOMATIC

Atrospheric Valve MIN SETPOINT: WRITE
_ ATMOSPHERIC SETPOINT: 0 |2 white
current valve opening I:I
o CONDENSER SETPOINT: WRITE

current pressure
OPEM

AUTOMATIC I

Condenser Yalve

OPEM

ALTOMATIC

current valve opening l:l
5.3.2.1.1 Valves

Color indication for states (Text fields):
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For atmospheric and condenser valves:

current atrmospheric valve opening condenser valve opening
-Red-> CLOSE | I | I I
current atrospheric valve opening ‘ condenser valve opening
-Green—> OPEN . I ' I

Control indications (Buttons):
By clicking the Buttons its possible to open the valves manually.
There can be 2 situations:

OPEN

- AUTOMATIC

Thant means the valve is in AUTOMATIC mode. Clicking the button will open the valve manually and
turn into MANUAL mode.

AUTOMATIC
MANUAL OPEN CMD SENT

Thant means the valve is in MANUAL mode (and OPEN). The valve will never close until returning into
AUTOMATIC mode. Clicking the button will return into AUTOMATIC mode.
IMPORTANT NOTE:
- If the label under the button indicates the MANUAL (OPEN) mode and the valve state (textbox) is not
green (TRUE/OPEN), that means something is wrong with the sensor or the actuator.
- If the buttons and the labels among them don’t change by clicking, that means something is wrong with
the connection.
5.3.2.1.2Pressure

The current pressure is monitored in bar:

e

-

Considering the setpoints there are 2 modes:

- AUTOMATIC: the auto/man checkbox is not checked and label indicates AUTOMATIC. In this mode its
not possible to set any setpoint manually. The valves (if they are in automatic-mode) will be controlled
depending on the default pressure-setpoints saved in the PLC. For more details, see the PLC
documentation.

[] auto/man AUTOMATIC

-

MIN SETPOINT: |0 - WRITE
ATMOSPHERIC SETPOINT: 0 = WRITE
CONDENSER SETPOINT: |0 = WRITE

- MANUAL.: the auto/man checkbox is checked and label indicates MANUAL. In this mode its possible to
set the setpoints manually. By writing a setpoint, the valves (if they are in automatic-mode) will be
controlled depending on the written setpoints. For more details, see the PLC documentation.

autosman MAMNUAL

Y

MIN SETPOINT: |0 v WRITE
ATMOSPHERIC SETPOINT: 0 = WRITE
CONDEMSER SETPOINT: |0 = WRITE
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5.3.2.2 Turbine governing system (TGS)

L=l Turbine Government System = B

turbine speed (RPM)

rrrrr

[ automatic/manual  AUTGMATIC

5.3.2.2.1 Valve
The current valve opening is monitored in %:

Wal

For the valve control there are 2 modes:
AUTOMATIC: the auto/man checkbox is not checked and the label indicates AUTOMATIC. In this
mode, it’s not possible to set the valve opening manually. The valve will be controlled automatically
depending on the turbine-speed-setpoint saved in the PLC (the setpoint can be either the default value or a
manually written value. See 3.2.2.2-Turbine speed). For more details, see the PLC documentation.

] automatic/manual  AUTOMATIC ‘l

manual Valve opening (%) P s
= opening
0 =

MANUAL.: the auto/man checkbox is checked and the label indicates MANUAL. In this mode, it’s
possible to control the valve manually by writing an opening % to the PLC. For more details, see the PLC
documentation.
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[] automatic/manual  MANUAL ‘

manual Valve opening (%)

maue_\!dv&
0 S e

5.3.2.2.2 Turbine speed
The current turbine speed is monitored in rpm:

O

) —

5.3.2.3 Incinerator power control (IPC)

On this page it’s possible to view the state of and control:
Supply fan, exhaust fans, Fuel burner.

Suplay Fans 1- 2 | EECHNME MO OFF
Exhaustfani | FEECHNNM MO OFF
Exhaustfanz I:l CMD OFF

exhaustfans I:l CMD COFF
EE oo

All works like in the overview. For more indications how to control or what the color indicate, see
overview.

5.3.2.4 Level control (LC)

On this page it’s possible to view the state of and control:
Water Pump 1 phase, Water steam Cycle Pump 3 phase, and Boiler water level.
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a Level Control

Boiler water level _
Waker Skeam Cyele Pump 3 Phase _ CMD COFF
Water Pump 1 phase _ CMD OFF

Color indication for states (Text fields):
For Water Pump 1 phase, Water steam Cycle Pump 3 phase:

_Red->False/OFF _|
-Green—=>True/ON I:I

For Boiler water level:

Red>LOW
-Green%HIGH_

Color indication for control commands (Buttons):
For Water Pump 1 phase, Water steam Cycle Pump 3 phase:
-Red->False/OFF Command is send (the state field should also be red (OFF))

-Green->True/ON Command is send (the state field should also be green (ON))
CMDON

5.3.2.5 Filtering System (FS)

8 Filtering System

Compressor Valve l:l _

Current (A) -3535
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On this page, the state of the filtering actuators (compressor, compressor valve, and electrofilter) are
shown. The “current™ tab shows the current passing through the electrofilter. This section works as IPC
section before.

5.3.3 Settings window

This window appears after starting the GUI-program. Here some settings can be set.
Until the current version there is no settings.

5.4 Use Instructions

To start the GUI double click on the binary executable '‘ContSys.exe' in the release folder named 'release’, or
‘current release’, or '<date>release’, or 'release<date>'. Anyway, there must be a shortcut of the executable

on the desktop (on the operation laptop).

NLAP-PCS_G
Ul_releaseD11
019

.

Once ran, the the settings window must appear.
For information how to set settings and what they mean see Settings window.
After closing this window, you must be directed to the overview window.

Overview

Boiler Pressur Control

Turbine Government System current pressure
e B BAR

Inceneratar Power Contral
-IPC-
current atmospheric valve opening

LEWEL CONTROL
1c — ’ ‘

FILTERING SYSTEM
F5

current turbine speed

999 RPM

condenser valve opening

’<_

current valve opening

-993

U

A 4

exhaustfanz ik

supply Fans 1-2 RN | CMD OFF
exhaustian [ | MO OFF
Fdsa|
Fdsa|

exhaustfan3 ik

wtater Pump 1 Phase [EBEBI | CMD OFF

caoling pump: EEE cvoorF

€MD OFF
Fuel Burner == current RPM sensor test status | False

Condenser Purmp MD OFF current Fotentiometer )

From there, to operate see Overview in Pages.
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5.5 Logger

The logger records the read values of sensors and states. It writes them in a text file named
CS_log.txt (may change) located in C:/ControlSystemData (may change). The file and directory are
created automatically in case they do not exist.

Recording period: always when the values are read. (might change, see source code)

Current Version saves file at plain-text-file, so for further processing and analysis or visualization,
the file content should be taken manually from the text-file.

Time format: DD.MM.YYYY HH:MM: SS. mS

Line format (maybe needed for parsing): time<tab><variable-name>:<tab><value><tab><next-
variable-name>.........

Recording example: (in real one record is listed in one single line)

25.9.2019 14:50:59.622

bpc_Current_pressure: 1
bpc_Current_atmospheric_valve_opening: False
bpc_Current_condenser valve opening: False
tgs Current_turbine_speed: 60
tgs_Current_valve_opening: 65522
Current_exhaustfanl_status: False
Current_exhaustfan2_status: False
ipc_Current_wastemotor_status: False
ipc_Current_supplyfan_status: False
Current_coolingpump_status: False
Ic_Current_levelControl_status: False

For more details, look in the source-code in the Appendix.

5.6 Camera

To keep the inside of the incinerator in look, an IP camera is put in front from the outside.




The camera is not integrated in the GUI-program. The camera is independently accessed per the local
network.

For configurations enter the camera-ip address in the browser (ip: 192.168.1.64 username: admin pass:
admin12345). There you can also view the stream.

@ Login x  +

& C @ Notsecure | 192.168.1.64/doc/page or Y B e 0

HIKVIST

'\ 1 _J. ‘ll ’l|‘\ i'.‘_. ‘4-‘1‘., ] T T TR R o 11 T U e

: 1:39PM
£ A D) NG e B

@ Live View X + - X
<« C @ Notsecure | 192.168.1.64/doc/page/preview.asp ¥ Bk (SN +]
VISTON Live View Configuration X admin  [> Logout
o
- M-
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@ Configuration x  +

& C  (® Notsecure | 192.168.1.64/doc/page/config.asp *r Bk (S +]

VISION Live View Configuration X admin [ Logout

Basic Information Time Settings DST RS-232 About

) Local
B system Device Name IP CAMERA
System Settings Device No 88
Maintenance Model DS-2CD1023G0-1
Serurty Serial No DS-2CD1023G0-120180625AAWRC29438810
User Management Firmware Version V5.5.6 build 180326
o Network Encoding Version V7.3 build 180326
@'.’ VideolAudio Web Version V4.0.1 build 171218
\mage Plugin Version V3.06.33
Number of Channels 1
[Z] Event
Number of HDDs
Storage

Number of Alarm Input

Number of Alarm QOutput

Firmware Version Property (B-R-E3-0

ﬁ - q ) . RH‘ N m o YE t]-J:) ENG " 2019
Another and better way to stream is through the direct streaming address using a streaming software like
VLC.

There are 2 ways:

.
[ |
I

5.6.1 Manually enter the address in VLC:

Steps:
1- open VLC media player

4

[ —

VLC media
player

2- copy the address: rtsp://admin:adminl12345@192.168.1.64:554/Streaming/channels/101 (possible
addresses are in the text file “camera addresses.txt” on the Desktop)

camera

addresses. bt

3- paste it into VLC (Ctr+V) and press Enter (otherwise you can click on Media->open nwtwork stream
and paste the link there)
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& VLC medic player - X
Media Playback Audio Video Subtitle Tools View Help

Open File.. Ctr0
Open Multiple Files.. Ctrl+Shift=0

1 Open Folder... Ctrl+F
Open Disc.. CtreD

%5 Open Network Stream... Ctri+N

£l Open Capture Device... CtrlC
Open Location from clipboard CtrieV
Open Recent Media 3
Save Playlist to File... CtriY
Convert / Save.. Ctrl+R

) Stream... Ctrl+S

Quit at the end of playlist
Quit

Ctrl+Q

P m it

M
0
N

. Open Media

) File “Disc % Network [ Capture Device
Network Protocol

Please enter a network URL:

[rtsps /fadmin:admin 12345 @192, 168. 1.64:554 ing/channels/101]

[[] show more options

Cancel

P m it

’
0
~

5.6.2 Use the script:

Steps:
1- Double Click the script “camera.bat” on the Desktop

camera.bat

camera.bat

2- VLC will open....
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A rtspi//192.168.1.64:554/Streaming/channels/101 - VLC media player -
Media Playback Audio Video Subtitle Tools View Help

01-21-1970 Wed 00:10

For more possibilities and configurations see the camera manual.

5.7 Appendix

5.7.1 Source code

Code repository:

http://aecenar.com/index.php/downloads/send/5-nlap/840-

GUI (CH) Source Code nlap-ipp-gui-code-ver-2022

5.7.2 Modbus connection

For a good introduction and understanding of the Modbus protocol and addressing, the
following webpage is useful:

Modbus-explained.
rar

5.7.2.1 RTU/ASCI

The Modbus protocol can be used in asci or in RTU mode. In which one is used depending on the PLC
programming. Currently used in code: RTU.
To change that, change the variable ‘rtu_or_asci’ in StateMachine.cs.
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5.7.2.2 Modbus driver

On Windows 7(like our NLAP-laptop), this adapter (Ex9530) needs a manual installation of the driver.
Driver name: Prolific USB-to-serial comm Port
Driver file:

pl2303.zip

Installation:
1-Install the driver from the zip file
2-Check in device manager and check connection in GUI. If all ok you are done
3-Open device manager
4-Right click on the new device (adapter must be connected) either in Ports (COM & LPT) or in

unknown devices. -> update driver

5-Choose the second field (choose from computer...)
6- Choose the second field (pick from a list...)
7-Double-click on the new-installed driver.
8-Done (no more problem mark if there was one)
Com port must be set to “COM 2” (important because of the plc-programming):

1-
2-
3-
4-
5-
6-

In device manager on the device:
Right-click->properties

In “Port settings” tap:

Click on “advanced”

Choose “COM?2” from drop list in Com Port number.
Ok->you are done

5.7.2.3 Modbus addresses
A List of all Modbus-addresses used are listen in the following excel List:

NLAP-WEDC PCS
(MODBUS-addresse:

5.7.3 Development instructions

To make the further development easier some checklists or protocols list the steps for adding/removing
sensors/actuators and changing the GUI background.

howto-protocols_2
01219.rar

5.7.4 Camera manual

Search here for the current manual (model: -):
https://www.hikvision.com/en/support/document-center/user-manual/
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