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FeSCADA & DL0O6 PLC -
AutomationDirect

Introduction

An application was done to show the possibilities of FeSCADA. By the end of this
paper the reader will learn how FeSCADA can work with DLO6 PLC -
AutomationDirect.
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1) Description
In the following pages an application is developed for monitoring inputs, outputs,
control relays, timers and counters of a DLO6 PLC - AutomationDirect. The outputs
can be switched on/off. The preset numbers for timers and counters can be changed
from FeSCADA.

2)Hardware
The hardware is composed of one AutomationDirect DirectLOGIC06 PLC. The DLO6
line of micro PLCs offers a solution for small to medium size I/O applications (36
built-in I/O points and up to 100 I/O points total). The DLO6 micro PLC line has nine
base units to choose from, each has 20 built-in inputs and 16 built-in outputs. The
DLOG6 is a great fit for high voltage, 220-240 VAC applications or remote 12 VDC
applications, and everything in between.
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More information at:
https://www.automationdirect.com/adc/overview/catalog/programmable_controllers/
directlogic_series _plcs (micro_to_small,_brick -a-_modular)/
directlogic_06_(expandable_micro_brick_plc)/plc_units

3)RS485 serial communication
The DLO6 PLC has two serial communication ports. Portl is used
primarily for programming and is RS232. Port2 is used for other
serial connections: other PLCs, HMI, SCADA, etc., and can be
used as an RS232 or RS485.

In our project we are using the adapter ZL-CMA15A to connect
Port2 to an RS485 serial network. The PLC is programmed to
work on Port2 as a Modbus RTU server with the address = 3

‘ TERMINATE

zL-cmatsL

2 RXD

(three). The Port2 settings are: 38400 baud, no parity, 8 data andg on —

1 stop bits. [55432/.485.] >[§3é]
EEZEBIP IR

On the PC side we used an optically isolated USB to RS485 ,

adapter, B&B Electronics USOPTL4-LS. A IO

Hardware prices.

Name U_nit Qty Price Description
price
D0-06DR $382.00 1 $382.00| DLO6 PLC AutomationDirect
ZL-CMA15A $46.50 1 $46.50) RS485 Adapter to 15pin D-sub
USOPTL4-LS $143.00 1 $143.00 USB to RS485 Adapter
TOTAL = $571.50
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4)DL06 Modbus registers

The following table is showing the Modbus register numbers for various data areas
in the DLO6 PLC: inputs, outputs, control relays, timers, counters, free memory data.

Xn, Yo, Cy, Tn, CT,, V., are symbols and ‘n’ is a number written in octal base. In the
table below, ‘)10 means that the number ‘n’ in octal base has to be converted to
decimal base.

Data type

Symbol

(number in octal base)

Modbus register number

(in decimal base)

Modbus
register type

Inputs X0, X1, ... X7 2048, 2049, ... 2055 Digital inputs
X10, X11, ... X17 ... 2056, 2057, ... 2063 ... 2048+ (Xa)1o
Outputs Y0, Y1, ... Y7 2048, 2049, ... 2055 Coils
Y10, Y11, ... Y17 ... 2056, 2057, ... 2063 ... 2048+(Ya)1o
Control o, C1,...C7 3072, 3073, ... 3079 Coils
relays C10, C11, ... C17 ... 3080, 3081, ... 3087 ... 3072+(Ca)1o
Timer T0,T1, ... T7 6144, 6145, ... 6151 Coils
contacts | 110, T11, ... T17 ... 6152, 6153, ... 6159 ... 6144+(To)o
Counters CTO, CT1, ... CT7 6400, 6401, ... 6407 Coils
contacts 119, cT11,...CT17 ... 6408, 6409, ... 6415 ... 6400+(CT)10
V_-memory Vo, V1, ... V7 ... 0,1,..7.. Input registers
Timers 0+(To)ws
V-memory V1000, V1001, ... 512, 513, ... 519 ... Input registers
Counters V1007 ... 512+(CT.)1o
V-memory V2000, V2001, ... 1024, 1025, ... 1031 ... Holding registers

V2007 ...

0+(Vn)1o
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5)FeMODBUS communication setup

FeMODBUS software is

used to connect to DLO6

PLC - AutomationDirect.

TCP Server COM seftings

RTU Server COM settings

Part COMI? Part NONE
In the picture on the Baud Baud
right the serial
connection settings are Party Pariy

resented.
P o i
COM17 was assigned for
our USB to RS485 Bits-stop Bits-stop
adapter by Windows, .

503 TCP Server port 1 RTU Server address

when we plugged in the
adapter. The other
settings are matching
the settings for COM
Port2 on the DLO6 PLC.

The next settings are
used to connect to the
server and to send
requests.

We connect to our own
PC, which it is a Modbus

[7] Accept Broadcast Connections

Mo Broadcast - Accepted Connections

Tags File Mame
Modbuz Tags. tat

Type IP addresz

Mmoo s L

-
| =

[¥] Ao load at start-up

Client File Name
Modbuz_Clients. bt

[¥] Auta load at start-up

Cancel

TCP server, and we send requests to the address 3. Because the address 3 is less
than 255, the server will send them onto the serial COM port assigned for TCP
answers back.

server, and will send the

Servers List RSM = Remote Server Number
TCP/IP Connection
ServerName ServerlP Server... LocalIP LocalPort RSN Active Connec... Error My TP Address
2601 |0 | 12001 0000 e
My Port 1025
Server IP Address
TCP/IP connection error bits: Closed - Open Failed - Mo Answer - Socket Error 197. 0 o 1
Requests List Select a server to see the assigned requests list
RM  Func... Uni... RegAddr Regho Offset  Active Cydical CydeTime Error StatusBits  * Server Port 502
[
1L 15 = 2043 16 i} Yes Yes 200 oooo 100 li! oy P
2 i3 a 3072 15 20 Yes Yes 200 oooo i00 :
Remote_Machine
3 i 3 6144 16 40 Yes Yes 200 o000 100
4 1 3 £400 16 &0 Yes Yes 200 0000 100 o [Modif’y ]
Error bit: Data - Exception - MBAP - Time out
; _ _ o
Holding Registers g G sty Message Status: Sent - Answered - Processed
Index Value Index Value
0 0 0 0 16 Digital Inputs (Read Only)
1 0 1 5041 0 B0 BEE 00 B0 B0 EBE BB 8
2 1] 2 1] 16 Digital Coils (Set/Reset)
3 0 3 5985 0 ] 7 s Y
Digital 10s ‘You can change Coils values in "Write Only™ mode.
Read Only [|Read as Float starting from: Attention not to interpose with tags assigned for these coils

Modbus Request Parameters
Function Code

02 - Read discrete inputs
Unit Address 255

Remote Register 0

Address
How Many 1
Registers?
Local Register i}
Address
Cydical? Yes /Mo Yes w
Cydle Time [ms] 300
Active E!

[ add | [ modify |[ pel |

Load from file
OK - Close
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Reguests List Select a server to see the assigned requests list
RM  Func... Uni... RegAddr Regho Offset  Active Cydical CydeTime Error StatusBits
1 15 3 2043 16 (W] Yes Yes 200 oooo 100 ;Ei
2 15 3 3072 16 20 Yes Yes 200 oooo 100 =
3 I 3 6144 16 40 Yes Yes 200 oooo 100
4 il 3 5400 156 50 Yes Yes 200 oooo 100 o
Reguests List Select a server to see the assigned requests list
RM  Func... Uni... RegAddr Regho Offset  Active Cydical CydeTime Error StatusBits  *
5 2 3 2043 16 0 Yes Yes 200 0ooo 100
[ =) 3 0 16 W] Yes Yes 200 oooo 100 [3
7 3 3 512 16 20 Yes Yes 200 0000 1) G |
8 16 3 540 16 i) Yes Yes 200 oooao 100 =
Requests List Select a server to see the assigned requests list

RM  Func... Uni.. RegAddr Regho Offset  Active Cydical CydeTime Error StatusBits  *

a 4 3 0 16 ] Yes fes 200 oooo 100

7 5 3 =% 15 20 Yes Yes 200 aooo 100 Ll
8 15 3 540 15 a Yes Yes 200 oooo 100 E

= 15 3 1024 15 20 Yes fes 200 oooo 100 £

4

The pictures above are showing that FeMODBUS was setup to connect at the
address 192.168.1.3, which is our own PC address, and to cyclically (every 200ms)
send some of the possible requests:

- Function 1 - read coils (digital outputs)

- Function 2 - read digital inputs

- Function 3 - read holding registers

- Function 4 - read input registers

- Function 15 - write coils (digital outputs)

- Function 16 - write holding registers

After setting up all the requests we defined tags which we linked with different
registers on the local computer. The tags are used for DDE communication between
FeMODBUS and FeSCADA. All the tags are assigned to the Remote Server Number 1
(RSN 1). See picture below.
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Index TagMame DataType UpdateType RSN RegType RegAddr Value :.

1 [x0 | Byws | Read | 1 | Digamput | 0 | 0o J

2 X1 Byted Read 1 Digital Input 1 0 |

3 X2 Byted Read 1 Digital Input 2 0

4 %3 Bytes Read & Digital Input 3 0

5 x4 Byted Read 1 Digital Input 4 0

& X5 Byted Read 1 Digital Input 5 0

7 X6 Bytes Read 1 Digital Input & 0

8 X7 Byted Read 1 Digital Input 7 i}

] x10 Byted Read i Digital Input 8 0

10 X11 Byted Read 1 Digital Input g 0

11 ¥12 Byted Read i Digital Input 10 0

12 X13 Bvied Read 1 Digital Inout 11 1]

Tag Mame Data Type Update Type
X0 Bytes | |Read - Add
RSM (Server number)
i Register Type
Register Address
0
e

Index Taghame DataType UpdateType RSN RegType RegAddr Value r
13 x4 Byted Read i Digital Input 17 o
14 X15 Byted Read I Digital Input 13 0 =
15  Xi18 Byted Read L Digital Input 14 ] |E |
16 X7 Bytes Read i Digital Input 15 0 M
17 Yo Byted Write T Digital Coil 0 1
13 ¥i Byted Write 1 Digital Coil 1 i]
15 Y2 Byted Write : Digital Coil 2 1
20 Y3 Byted Write 1 Digital Coil 3 0]
21 Y4 Byted Write i Digital Coil 4 0
22 Yo Byted Write 1 Digital Coil a 0]
23 Y6 Byted Write 1 Digital Cail 6 0]
29 Y7 Bvted Write 1 Diaital Coil 7 0
Index TagMame DataType UpdateType RSN RegType ReghAddr Value 5
25 ¥10 Byted Write 1 Digital Coil 8 0
28 ¥iil Byted Write 1 Digital Coil g 0
27 Y12 Byted Write 1 Digital Coil 10 0
28 ¥i3 Byted Write k2 Digital Coil 1% 0 [
9 Y14 Bytes Write E Digital Coil 12 0 |
30 ¥is Byted Write 1 Digital Coil 13 0
31 Y16 Byted Write 1 Digital Coil 14 0
32 ¥i7 Byted Write 1 Digital Coil 15 0
33 ca Byte8 Write 1 Digital Coil 0
34 El Byted Write : Digital Coil 21 1
39 cZ Byted Write 1 Digital Coil 22 0
36 c3 Bwted Write i Digital Coil 23 1 =
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Index TaghMame DataType UpdateType  RSM RegType ~ RegAddr Value : El

Index DataType  UpdateType RSN RegType Value [E

E
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6) FeSCADA project

The first step in a FeSCADA project is to define the DDE communication channels
and the tags. In the picture below we defined the DDE channel number 1(one) as:
DDE_Application = “SERIAL” and DDE_Topic = “TAGS".

Every tag has an internal name used in FeSCADA and a DDE Name for
communication with “SERIAL” DDE server. We kept the names the same. All the
tags defined in FeMODBUS will have a correspondent tag in FeSCADA.

Tags Setup ]

|

Tags List DDE Channels
Ma Tag Name DDE Mame DDE... DataType UpdateT... Value 2 Mo DDE Ap... DDE Topic Goni.: B2
| 28 [xo  lxo | 1 linteger [Read | 0 |
29 X1 X1 T Integer Read 0
30 Xz %2 i Integer Read 0
21 X3 3 1 Integer Read 0
32 x4 X4 i Integer Read 0 ‘_ |
a5 |\ M5 X5 1 Integer Read 0 7
4 k=3 X8 1 Integer Read 2]
35 X7 X7 1 Integer Read 4]
35 Y0 Y0 3 Integer Read/Write i
37 i Y1 1 Integer Read/Write o]
38 ¥z Y2 i Integer Read,Write 18
39 ¥3 Y3 1 Integer Read/Wirite 0
40 ¥4 Y4 i Integer Read/Write 0 -
A L | G
Tag Mame Data Type Update Type DDE Application
X0 Integer -] [Read x)
DDE Name DDE Topic
0
Initial Value
DDE Channel =
. | Update || Delete |
Max Eng Value Offset Value Max Raw Value
[ 5caled 1 o 1

SCALED_VALUE = Max_Eng_Value x (RAW_VWALUE + Offset_Value) [ Max_Raw_Value

Now we can build a screen (window) to show the data, and to put some indicators
and buttons. In the picture below one can see a snapshot of this screen. We display
8 inputs, outputs, counters, timers and memory relays. For the timers we show the
status and the counting values. For the timers we show the status and the elapsed
time. The preset time is a value that the user can change.
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[ screen 2
Automation Direct - DL0O6
03/31/2022
12:09:49

Inputs Outputs Counters Timers [sec]

preset elapsed

326.3

In the picture below the FeSCADA screen is shown in parallel with a snapshot from
the DirectSOFT 5 programming software for DLO6 PLC.

[F DirectSOFT 5 Programming - HOME02 -
File Edit Search View Tools PLC Debu Window  Hels - & a
g e e i RS Automation Direct - DL06
a AR P Pl 03/19/2022
wl i A 68, 12:52:44

AR View Blxl | Ladder View | 71D view
B [s &luldr] 2] % - :
Elerment | Rung [Addiess| Instwction [~ | 1 Jesflpe O « Inputs Outputs Counters Timers Timer Memory

Y0 1 0 STR [E e values relays

i 2 5 |[EHSTR 1"7

Y7 1 1 EHSTR T !— -

> | s |om x &) vo cro @ o @  v2000 co
C 4 G Y1 oNT
[5 3 [E= 2 - “
= I - ) ) )

C: 12 EH sTR

C5 14 43 [EHSR | ) Y2 CT2 ) ) V2002 - c2
Datel I e B e — V2000 | shiF3 ) Y3 -E cra @ ) V2003 [ox} [i
Ei| [Bo0Her < [woro <] [ [ ][ — . 4 E

Element [ Status ~

] = - : ) 4 e @) ®  vooe ce
22 1200 0 V3000 i i
3 CTAI 1 o
= o o - - ) s crs @ D) va2005 cs BN
5 | 1200 0 4 41 ‘ = T0
E e o — Y ) v6 cte @) ) V2006 cs
B e —— i
g il & L ) Y7 s ) ) v2007 c7 [EN
For Help, press FL 2 L V2001 N
For Help, press FL
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7)Binary Coded Decimal (BDC) format

In AutomationDirect PLCs the values used for counters and timers are in BCD
format. In FeSCADA the integers are represented only in decimal base.

There are 2 possibilities to deal with this format difference. The first is to do more
programming in the PLC, to convert any register changed from FeSCADA to a BCD
format before loading that number as a parameter for a timer or a counter. And to
convert to DCB any value from a timer or a counter that has to be read with
FeSCADA. In the picture below it is a snapshot from a DirectSOFT 5 program.

File Edit 5Search View Tools PLC Debug Window Help
, R EDIT ] ] o o
New Opren ng MODE | o e Find z Dnls ﬂﬁﬁl ﬁ‘ﬁ)l DSP H.In -
—u— = - LR
w2=? |
= ;ﬂani‘l Yalue M e Info % - B
| XRef View Elxl | Ladder View | PID View | 4 b x | |
[ || MoDE
EEl[s &l <l i 3
Element | Rung |Address| Instruction = __.J | oTo .
Y0 1 0 STR | K3
1 5 STR L o 1k
Y7 1 1 STR | Le
2 6 STR ﬂF’;‘
co 4 14 STR ¥i CNT
Ci 8 21 |EH SR —| |} o™ 41+
c2 B 28 STR - K3 =l
C3 10 35 |EHSTR W 0 EEa g
c4 12 42 STR ; BN \\
C5 14 49 STR 4rk
Cé 16 56 STR _On LD o=
T 18 3 IAARTR |7 SF'?] ik
[l ] — ] V2000 | shF3
Datal Ejz_]_ 8CD 1=k
Ei| [poomes =] [woro <] [ | | -I;I-
Element ] Status = ouT !
OFF A = Y3000
CTa L L2F
w1200 0 s
Tl 4 &, THR 1<k
0 it} —] I TO =
w1200 0 i
42000 54 100 101 | Gonbact
b
iy
_0On LD Caoil
SP1 *
— | iim
f V2001 Box
l r BCD
For Help, press F1 - = - .j ‘0¥
For Help, press F1 oK Online:06 'k.fl.eq ' “ 00069 v

The second possibility is to use a logic program in FeSCADA and to use the functions
BCD(X) and DCB(Y) that were created in FeSCADA especially for AutomationDirect
PLC users. In this later case, some more memory tags have to be defined.

10| Page




Frandos Engineering LLC

In the program from the picture below, the t

ag XV2000is a memory tag that the

user can change with a numerical display/entry control, as a preset value, and the

tag V2000 is the corresponding BCD format.

The tag V2000 is sent to the PLC.

The tag XACC T0is a memory tag that is showing the accumulator of timer TO after
its conversion from BCD format to decimal integer, with the function DCBACC T0).
The tag ACC T0is the communication tag, with a value received from the PLC.

Logic List Program edit
: 5 V2000 = BCD(XVZ000*10); V2001 = BCD(XV2001*10); .
No | Name Type Cydic TriggerM... | y5n02 = BCDCXV2002+10): V2003 = BCD(XV2003+10):
o BCD conv... Timer Yesg Equal V2004 = BCD(XVZ2004*10); V2005 = BCD(XW2005+10);
V2006 = BCD(XV2006=10): V2007 = BCD(XV2007=10):
XACC_CTO = DCB(ACC_CTO); XACC_CTL = DCB(ACC_CT1);
/ XACC T2 = DCB(ACC_CT2); XACC CT2 = DCB(ACC _CT3);
XACC CT4 = DCB(ACC _CT4); XACC CT5 = DCB(ACC CT5); .
| XACC_CT6 = DCBCACC_CTH); XACC_CT7 = DCBCACC_CT7); &
XACC_TO = 0.1 * DCB{ACC_TO);
XACC_T1 = 0.1 * DCB{ACC_T1);
XACC_T2 = 0.1 * DCB(ACC T2);
XACC T3 = 0.1 * DCB{ACC_T3);
XACC_T4 = 0.1 * DCB(ACC_T4);
XACC_T5 = 0.1 * DCBCACC_TS5); =
E————— ’ XACC_T6 = 0.1 * DCB(ACC_T6):
XACC T7 = 0.1 = DCB(ACC_T7); i
4 1 |
l Add ] ’Updabe ] [ Delete ] ' = d :
l Save ] ‘Reloadl lExer:ube‘ Application Tags List
MName Program status o || Tag b [ '|
BCD conversion Loaded: 24, Prepared: 24, Executed: 24 1 Alarmsi |E |
2 PID1_CMD =
= PID1_FF
Logic Type Timer Interval [sec]  Cydic Logic? 4  PID1_Outl
0.00 Yes - 5 PID1_Out2
& PIDLPV
Logic Trigger TagName 7 FID1 sP
8 FID1_STATUS
Time,/Date =] Adam_0OutD_Read
Execute Logic ever )
g ¥ Trigger Mode 10 Adam_Outd_Write
Hour (when Tag ..... Value) 11 Adam_Outl_Read
- 12 Ad Dutl_Write
Hour Minute  Day of the week Equal ] Sii - ¥
13 Adam_Real
i) 0 [ Wy =
oo 0o Sunday Trigger Value Bit Mo 14 Adam_Regl
Manth of the year Day of the month T 15  Adam_Req2 o
January 1 .
I Cancel ] I Ok

8) Conclusions

The application has shown an example of using FeSCADA and FeMODBUS to
visualize and/or to change: inputs, outputs, timers, counters, data registers from a

DLO6 PLC - AutomationDirect. The commun
protocol is Modbus RTU.

ication used is serial RS485. The
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