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FeSCADA & ADAM 6017

Introduction

An application was done to show the possibilities of FeSCADA. By the end of this
paper the reader will learn how FeSCADA can be used with Advantech ADAM 6017
Ethernet 10 module.
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1) Description
A heating and cooling application was developed with the aid of Advantech ADAM
6017 Ethernet 10 module and a FeSCADA PID controller. Two RTD sensors and one
thermocouple sensor are used to read temperatures. A 25W, 10Q resistor is used as
the heating element. Two Solid State Relays (SSR) are used to control the heating
power (from a 24 VDC power supply) and a fan (cooling power).

The example is common for other types of Ethernet 10s, because it is an industrial
practice for many producers to use Modbus TCP communication.

2)Hardware

The hardware is composed of one Advantech ADAM 6017
Ethernet 10 module, with the following characteristics:

- input voltage: 10-30 VDC
- 8 analog inputs, 16-bit resolution, 100 samples/second
rages - voltage: from £0.15Vupto £10V
- current: £20 mA, 0~20 mA, 4~20 mA
- 2 digital outputs, sink, 0...30 VDC

- communication protocols: Modbus/TCP, TCP/IP, UDP,
HTTP, DHCP, MQTT, SNMP, ASCIl command
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Two RTD sensors Pt100, together with two temperature
transmitters: 0...250°C to 4-20mA and 0...500°C to 4-20mA.
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Hardware prices.

Name U_nit Qty Price| Description

price
ADAM 6017 $380.00 1/ $380.00| 8 channels analog IO module
uxcell Temperature $12.00 2| $24.00/Pt100 signal converter
Transmitter 0...250 °C to 4-20 mA

0...500 °C to 4-20 mA

TWTADE PT100 $13.00 2| $26.00| Pt100, 3 wire sensors -50...200 °C

=

Thermocouple $10.00 $10.00| K thermocouple wire

D1D20 $72.00 2| $144.00|Solid State Relay 100VDC, 20A
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Power spupply 24VDC $40.00 1 $40.00/120W, 24VDC, 5A
Nidec fan, 24DVC $13.00 1 $13.00/0.16A inverter cooling fan
TOTAL = $637.00

3)ADAM 6017 setup

ADAM 6017 has to be setup for the type and range of
our temperature transmitters and for the thermocouple.

By default, the module is setup to read £10V. To

change a channel to measure current a jumper has to

be moved, for that particular channel.
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Because it has 16 bits resolution, the whole measuring

range is converted to:

ADAM-6017-BE & AE

a) 0...65535, for positive ranges: 0~0.5V, 0~1V, 0~5V, 0~10V, 0~20mA, 4~20mA
b) -32768 ... 32767 for + ranges: £0.15V, £0.5V, £1V, £5V, =10V, £20 mA

To setup ADAM 6017 for the IP address and the measuring ranges, the software
ADAM.NET is used. We set the IP address to 192.168.1.51. See below

File Tools Setup Help

SEH*=F > o

8| Seral
= ADAM-6017 (MODELU
EI" Ethemet { ) Calitirat
- 192.168.1.180 . el
4 Channel index: o 1
=8 192.168.1.51{ADAM6017] : 4 5] pocy | z
Bl
i e {420 ma -]
Integration time: !EGH: vl Apply |

Ch-7
[ Average
-8 6017 GCL
Q 192.168.13

-{g) Cthers

----- 3 Favorte Group
il ADAM4500_55105eries

Wireless Sensor Networks

Channel setting ! Average setting  Medbus {Curent) ! Modbus (Max) l Madbus (Min) !

Location i Type l Value[Dec] l Value[Hex] ] Value[Eng] ] Description
40001 Word 32953 80BS 0057V Chd:+~10V
40002 Word 32773 8005 o.002Y Ch-1:+~10V
40003 Word 32776 8008 0003V Ch-2:+~10V
40004 Word 32773 8005 [ Ch-2:+~10V
40005 Word 3104 0c20 4758 mA Ch-4 : 4~20 mA
40006 Word 6205 183D 5.515mA Ch-5:4~20mA
40007 Word 0 0000 4000 mA Ch-6:4~20 mA
40008 Word 3271 8003 0.016mV Ch-7 : +/- 150 mV
40009 Word b or o Average disabled
] [Tt p

ADAM-6017:
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4)ADAM 6017 Modbus registers

The following table is showing the Modbus register numbers for the 10 module:

channels data and digital outputs.

Parameter Modbus register Description
number
Data channels 0...7 Holding registers, 16 bits, with the
0.7 values from the 8 channels
(read only)
Digital outputs 0,1 Coils addresses for the two digital
16, 17 tout
(read/write) outputs

5)FeMODBUS communication

setup

FeMODBUS software is used to connect to ADAM 6017, which is a Modbus server on
port 502. We send 2 requests: one is to read the first 10 holding registers every

751 ms, the second is to write 2 coils, every 1

0 ms. We put two times the coils

writing, to make sure the ADAM will get the command. The fast coil writing is

essential for a good PID control.

‘Servers & Requests' Lists for this Client

Servers List RSN = Remote Server Number
; TCP/TP Connection Modbus Request Parameters

ServerMame ServerIP Server.. LocallP LocalPort RSN Active Connec.. Error My TP Address e

Remote Ard... 192.168.117 502 192.168.2... 1025 Yes 0000 T 02 -Read discrete inputs.
dvantech | 152.168.051| 02| 127001 | 1035 -—— 0000

MyPort 1025 Unit Address 235
Server IP Address isgr?;Regisber 0
TCP,IP connection error bits: Closed - Open Failed - No Answer - Socket Error 197 165 . 1 . 51
Requests List Select a server to see the assigned requests list How Many g
Registers?
RM  Func... Uni.. RegAddr Regho Offset  Active Cydical CydeTime Error StatusBits Server Port 502 =
Local Register i}
1 3 255 0 10 1] Yes Yes 751 oooo 11l G Address
2 $540| oG 16 2 2 Yes Yes 10 0000 100 i Cydical? YesNo  [Yes
3 15 255 16 2 2 Yes Yes 10 oooo il
add | |Modify || Del Cyde Time [ms] 300
Error bit: Data - Exception - MBAP - Time out Active IE
. : : =R

Pl g e e Message Status: Sent - Answered - Processed =

Index  Value Index  Value [ Add ] [ Modify ] [ Del ]
0 32953 0 0 16 Digital Inputs (Read Only)

: e : - . IO DD EE DN EEEEBEE B

2 32776 2 0 16 Digital Coils (Set/Reset)
3 32770 3 0 0 . 5 S s O o A s O Y Y O

Load from file
Digital I0s You can change Coils values in "Write Only” mode.
Read Only [7] Read as Float starting from: Attention not to interpose with tags assigned for these coils OK - Close

After setting up all the requests we defined tags which we linked with different

registers on the local computer. The tags are u

sed for DDE communication between

4|Page




Frandos Engineering LLC

FeMODBUS and FeSCADA. All the tags are assigned to the Remote Server Number 2

(RSN 2).
- ]
Tags List for DDE Communication ﬁ
Index TagMame DataType UpdateType  RSM RegType RegAddr Value 2
23 Regd Word 16 Read 1 Holding Reqister 8 i}
Adam Outo Write | Bytes | wiite | 2 |  DigtalCol | 2 [ 0 |
25 Adam_Outl Write Bytes Wirite 2 Digital Cail 3 0
26 Adam_Reql Word16 Read 2 Holding Reqister 0 32953
27 Adam_Regl Word1s Read 2 Holding Reqister 1 32776
28 Adam_Reg2 Word16 Read 2 Holding Reqister 2 32776
29 Adam_Reg3 Word16 Read 2 Holding Register 3 32773
30 Adam_Reg4 Word1s Read 2 Holding Feqister 4 3071 |_
3 Adam_Regh Word 16 Read 2 Holding Reqister 5 6154 =
32 Adam_Regd Wordis Read 2 Holding Register & ]
33 Adam_Reg? Word1s Read 2 Holding Register 7 32789 |
Tag Mame Data Type IUpdate Type Data view
RSM {Server number)
Z Register Type
Register Address ’ ] S
Save
2

6) FeSCADA project

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

Every tag has an internal name used in FeSCADA and a DDE Name for
communication with the MB DDE server. All the tags defined in FeMODBUS will have
a correspondent tag in FeSCADA. We kept the name the same with 3 exceptions:

FeMODBUS |FeSCADA Scaled
Adam_Reg4 |Adam_Reg4 RTD2
Max Eng Value Offset Value Max Raw Value
[¥] 5caled 500 T 65535
Adam_Reg5 |Adam_Reg5 RTD1
- - - Max Eng Value Offset Value Max Raw Value
[7]5caled agl il 65535
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Adam_Reg7 |Adam_Reg7 TC

Max Eng Value Offset Value Maix Raw Value
[¥] Scaled 3658 -32507 33458

The scaling for type K thermocouple is based on its sensitivity of approximately
41 pV/°C and 150mV maximum range, for 32767.

The thermocouple has to be calibrated at 0 °C (water with ice) and it will be
acceptable in the range 0 ... 100 °C. For calibration we changed the Offset Value
and Max Raw Value.

Observation: The thermocouple value is not as precise as the RTD'’s.

Tags Setup .

Tags List DDE Channels
I No Tag Mame DDE Mame DDE... DataType UpdateT... Value 2 Mo  DDE Ap... DDE Topic Conmass B
I 44 Adam_Outd_Write  Adam_Outd_Write T Integer Write [u}
45 Adam_OQutl Write  Adam_Outl Write 3 Integer Write 0
45 Adam_Reqd Adam_Regl 1 Integer Read 0.057580
47 Adam_Regl Adam_Regl 1 Integer Read 0.001526
48 Adam_Reg2 Adam_Reg2 3 Integer Read 0.002441
49 Adam_Reg3 Adam_Reg3 1 Integer Read 0.001526
50 Adam_Reg4 RTD2  Adam_Reg4 1 Integer Read 26.024261
51 Adam_Reg5_RTD1  Adam_Regs i 8 Integer Read 52.483406 | _ |
Adam_Regh Adam _Regb % Integer Read -10.000305 :
-
Counter RegU 5 Integer ReadMnte
L Inputd Inp0 ¥ Integer Read i}
56 Inputl Inpl 1 Integer Read 0 -
<L i J »
Tag Name Data Type Update Type DDE Application

adan Reg?_TC S | T R—
DDE Name DDE Topic

Adam_Reqg7

Initial Value
DDE Channel D.
P

Max Eng Value Offset Value Max Raw Value
[]scaled 3658 -32507 33453

SCALED_VALUE = Max_Eng_WValue x (RAW_VALUE + 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.
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Advantech ADAM-6017 - Heatlng PID

PID SP Heater Temp. RTD1 [C] PID FF

0.00 60.00 100.00 8 0.00 60.30 200.000% 1 00

Heater control

600 1000
PID Cmd.

Temperature RTD1 m IE
ﬂﬂ

Temperature RTD2 gL %0

p ON || Ramp RE PID Status
Temperature TC gy -

Temperatures - Celsius degrees

600 1000
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In FeSCADA we defined some more memory tags and a PID: PID1_SP,
PID1 _STATUS, etc. (see below).

PID1_CMD,

PIDs List
No  Type Control Kp Ki Kd In Min In Max OutMin  OutMax Bias PWM PWM ... SPTag
PID E=5PPV 5 0.04 20 -100 100 -100 100 0.00 Yes 2,00 FID1 SP
PID E=5PPV 18 214 15.75 -100 100 -100 100 0.00 Mo 3.00 P2 'SP
< | HiE al s
[ = ] ’ = l l : ] The Input/Output Tags scaling is: Max = +100% and Min = -100% of PID values
A Update Delete
: OUT1 = [0...Max] for PID output [0... +100%]
Only if (OUT1 Tag <> OUT2 Tag) then: OUT2 = [0...Min] for PID output [0... ~100%]
Type Input Signals
_ Filter [sec] - Input SP TagMame Application Tags List
- £ -~
Control Lnog Input Max Mo | Tac Mame =
E—SP-pV = irailess 100 Input PV Taghame 1 Bitl |
_ Adam Reg5 RTD1 N 2
Use PYM PVM Cyde [sec]  InPutMin 3 d
-100 Input Bias Taghame 4 2 =
Yes - 2,00 -
PID1_Outl 5  c2Zavg
Parameters b B e ent
: utput Max +Output OUT1 Taghame 7 2 reset
e ':a'” 100 Adam_Outo_Write AT |
Output Min - Output OUT2 Taghlame ?.D Eermn_gwnﬁng_;
0.04 125.00 =5
Command Taghame 12 PID1CMD
i 13  PIEd_ Butl
- e i o 14 P‘]Dl_DutZ
20 4.00 0.00 i
0 =disabled, 1 = auto, 2 = manual 15 PID1SP
: ] Status TagMame 16 PID1_STATUS
[] alarm1if: PV < Input Min for more than 1sec PID1_STATUS 17 PID2CMD
[T] alarm2 if: PV = Input Max for mare than 1sec 18 PIDZ FF B
Output [36] Propartional [%%] Integral [%%]  Derivative [3%] Derivative2 [%6]
10.25 141 3.44 0.41 0.00 [ P ] ’ oK

When PID1_CMD has the value 1(one) the PID is active and it will compute the
outputs to maintain the process value as close as possible to the set point value,

PID1 _SP. The set point value can be changed by the user. We read the process
temperature from Adam_Reg5 RTDI.
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The PID outputs are using pulse width modulation (PWM). The cycle time is 2
seconds.

If the PID output is positive then the heating output (OUT1) is used in the
proportion: 0...100% - 0... 2 seconds.

If the PID output is negative then the cooling output (OUT2) is used in the
proportion: 0... -100% — 0...2 seconds.

OUT1 -» Adam_Out0 Write, which is used for SSR1, current (heating),

OUT2 -» Adam_Outl_Write, which is used for SSR2, fan (cooling).
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7)Special application
We defined a ramp with the memory tags: Ramp_CMD, Ramp_STATUS, Ramp_OUT.

Ramps List Values List
: Initial value is for Time ramps.
No  MName Basedon  Size  Inpu Time is in seconds, Step Time ValueOut
o lRampt | Tme | 7 | | it Dervatve B 120 Y
i Ramp2 Time )
Initial Value 0.00 = A 2
3 120 )
2308 Final Derivative i 180 45
0.00 5 120 =i
-1 240 535
i Initial and final derivatives are for 7 300 25
1 |__[[' | s spline interpolation in Variable ramps.
l Add l [ Update Delete l
Ramp Mame Status:
Rampl '‘Rampl' - Stopped
Ramp Type Mumber of Steps o )
{based on) (Point=) Application Tags List
Time - 7 Mo Tag Mame i=
i Et =
Value Input Taghame 2 Bit3
5 a
Value Output TagMame 4 =
5 c2_a
25.0000 Ramp_OUT ol "f
el
Command Command Taghame 7 2 reset
8 LlogR
0 Ramp_CMD E. s
- m 9 Person_Counting_1
0 = Stop/Hold, 1 = Start, 2 =Reset 10 Person_Counting 2
Status Status Taghame 11 Person_Reset
: 12 PIDi_CMD
i S ARl 13 PID1 Outl
0 = Stopped, 1 = Running, 2 = Halted 14 PID1 Oulz | |1k i | b
4 = Reset, 8 = Done, 16 = Command error

In the same time we I Logic List Program edit
defined a logic No  Name Type Cydic | TriggerM... | 5 pomp cmp — 1
; 0  Logicl Timer Yes  Different then PID1_SP = Ramp_OUT ;
?I‘:Ogralm th?tt:r\]NIItI: Copy 1 Thermist...  Timer Yes Different
€ value o € tag 2 Buzzer Timer Yes Equal
Ramp Outin the PID P vt e Gl g __fad
- 4 [ fes Equal

set point tag, PID1_SP. | |mEEr SR
if the ramp is running

(if Ramp_CMD is 1).

4| m ] b

4

[ Save ] [Reloadl lExecute‘ Application Tags List

(120, [vpiee] [ooee)
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" Screen2 _. X
Advantech ADAM-6017 - Heating PID

PID SP Heater Temp. RTD1 [C] PID FF
e e— Lo ]

000 2500  100.00M0.00 25.45 200008100 0 100 100/

Heater control

600

Temperature RTD2 gl 714

e eI l 25.45 [ Heater § Cooler
P | 25.45 —
Flarl.1_|?. ON I.:lam!:.: RE

Temperature TC pLR:r§ nH Off |

0 200 400 600 800 1000 1200
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8) Conclusions

The application has shown an example of using FeSCADA and FeMODBUS to monitor
3 temperature sensors and to control a heating and cooling system with the aid of

ADAM 6017 Ethernet 10 module from Advantech. The communication protocol is
Modbus TCP.
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