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NOTE: The examples shown in this document are for illustration purposes
only. They do not represent the correct setup or configuration for
TestEquity chambers. Sample programs from ICS may change critical
setup parameters, resulting in improper chamber operation. They are
provided as a guideline for how to write your own programs only. Correct
setup parameters are documented in the TestEquity manual.
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CONTROLLING MODBUS DEVICES FROM THE GPIB BUS

INTRODUCTION

ICS'sModel 4899, 4809 and 4819 GPIB-to-Modbus Control -
lerssimplify controlling M odbus devices from the GPIB bus
by converting simple GPIB commands into Modbus RTU
packet messages. This application note describes how these
GPIB Controllersgenerate Modbus messages and how to use
them to control Modbus devices. Modbus control isdemon-
strated with an example GPIB-to-M odbus Temperature Con-
trol program that uses a Watlow F4 to control temperatures.
Theexample programisaVisual Basic program that runson
aPC with Windows 95, 98, 2K or XP. ICS'swebsitealso has
LabVIEW Vlsthat can do setpoints and ramp profiles.

MODBUS PROTOCOL

The Modicon Corporation, now AEG Schneider, created a
serial protocol known as Modbus for controlling industrial
process control systems. The Modbus protocol is an ex-
tremely reliable protocol for exchanging datain noisy indus-
trial applications. The Modbus protocol isapacket exchange
protocol where the controller receives a response to each
packet that it sends to a device. Each packet contains the
address of the controller that is to receive the information, a
command field that sayswhat to do with the datafieldsand a
CRC (Cyclic Redundancy Checksum) field that is used to
validate the packet. The Modbus protocol uses two coding
schemes, ASCII or HEX characters. The HEX character
format is known as the RTU protocol and it is the protocol
supported by the 4809, 4819 and 4899 Controllers.

Modbus devices pass data and commands through address-
able registers. Each register has a different function as
defined by the device designer, i.e. temperature setpoint,
reading, alarm setting etc. The registers may be read only,
write only or read-write. Figure 1 shows an Modbus HEX
RTU message packet. The Addressand Command fieldsare

Packet Format: |Addr | Cmd | Registers.... .data | CRC |

Figurel Modbus Packet

8-bits. The Register-Data fields hold multiple 16-bit words
and contain the register address and data values. The data
fieldisasigned 16-bitword. TheCRCfieldisal6-bit binary
word. The RTU message packet istransmitted as asynchro-
nous 8-hit serial characters with single start and stop bits.
Each character holds 8 bits or 2 HEX characters.

CONTROLLER OPERATION

The 4809, 4819 and 4899 are | EEE 488.2 compatible GPIB
devices that can control single or multiple Modbus slave
devices. They accept simple GPIB bus commands that are
used to create Modbus RTU packets that are transmitted
serially totheModbusslavedevice(s). Thedatatransmission
can be to a single Modbus device over a RS-232 link or to
multiple Modbus devices over an RS-485 network. The
Controller's SCPI parser accepts | EEE-488.2 common com-
mands, SCPI commandsand M odbuscommands. Thel EEE-
488.2 and SCPI commands are used to setup the Controller's
StatusReporting Structureor to configureits GPIB and Serial
interfaces. Any commandsthat endina'? areaquery andthe
Controller responds by outputting the requested data on the
GPIB bus the next timeit is addressed as a talker.

The 4809, 4819 and 4899 include a list of commands for
controlling Modbus devices. These commands specify the
Modbus slave device address, a read or write operation, a
register number and dataor thenumber of registersto beread.
When the Controller receives aread (R) or write (W) com-
mand, it converts the GPIB characters into HEX bytes,
assembl es the packet, and transmitsit to the Modbus device.
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If the packet is successfully received by the Modbus device,
theModbusdevicewill generate aresponse packet that either
acknowledgesrecei pt of the message or returnsthe requested
data. The Controller receivestheresponse packet and checks
it for avalid checksumand byte count. If thepacketisavalid
response to aread command, the returned datais held in the
GPIB transmit buffer and outputted onto the GPIB bus the
next time the Controller is addressed to talk. If the packet is
a command acknowledgment message, there is no further
action. If the packet isinvalid or contains a M odbus Excep-
tion Error code, then the code is placed in the Modbus Err
Register and the ERR LED lights.

The GPIB Controller expects to receive a response packet
from the Modbus device within a preset time period or it
declaresatimeout error. Thetimeout periodisprogrammable
and isfactory set to 100 milliseconds. (Customer tests have
shown that 300 millisecondsis abetter value for the Watlow
F4 Controller as it occasionally gets busy.) If the received
packet was not avalid packet, or was an exception message,
thenthe Controller setsthe appropriate bit(s) in the Question-
able Register and puts a decimal error value in the Modbus
Error register. Both registers are part of the Controller's
| EEE-488.2 Status Reporting Structure. The GPIB Control-
ler can be programmed to generate an SRQ if an error occurs
by setting the appropriate enable bitsin the Status Reporting
Structure. |f an enabled error bit becomes set, the register's
summary signal cascades into the Status Byte Register and
generates a Service Request by asserting the SRQ line. The
SRQ line stays asserted until the unit is serial polled or until
the bitsthat caused the SRQ arereset. (Refer to AB48-11 or
to the 4899's Instruction Manual for a description of the
|EEE-488.2 Status Reporting Structure and how to use it to
generate SRQs.)

M ODEL 4809 and 4899 DIFFERENCES

The 4809 and 4899 are functionally identical but physically
different units. The 4809 isaPC board assembly that can be
mounted insideahost chassis. The4899ispackagedin|CS's
small Minibox case and can be rack mounted or run on a
benchtop.

MODEL 4819 DIFFERENCES

TheModel 4819 isaPC board assembly that isintended to be
mounted perpendicularly ontherear panel of the host chassis
sothat its GPI B connector can protrudethough therear panel.
It also hasaRS-232 interface connector that bringsthe serial
Modbus signals out to the rear panel. The 4819's internal
serial interface only has RS-232 signals so it can only drive
one Modbus Controller. Itsfirmware functions are the same
as those in the 4899 and 4809 Controllers.

ICS Electronics

7034 Commerce Circle, Pleasanton, CA 94588

MODBUS CONNECTIONS

The 4809/4819/4899's RS-232 interface connectsto asingle
slave device over distances of less than 100 feet. The 4809
and 4899'sRS-422/RS-485 interface candrivemultipleslave
devices at distances up to 1200 feet. Terminating networks
with pullup and pulldown resistorsarerequired on RS-422 or
RS-485 networks that use tristated transmitters. The 4809/
4819/4899 Instruction Manual shows how to connect the
GPIB-to-Modbus Controllers to various Modbus devices.

OVERALL SYSTEM

Figure 2 showsatypical system configuration. The PCisthe
system controller and withaGPIB controller cardinstalledin
it. A standard GPIB cable connectsthe PC to the 4899 GPIB-
to-ModbusInterface. (It could alsobeaModel 4809 or a4819
GPIB-to-Modbus Interface.)) The 4899's RS-232 serial
interfaceis connected to aWatlow F4 Controller asshownin
Figure9.
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Figure2 System Configuration

MODBUS COMMAND SET

Although the 4809, 4819 and 4899 are | EEE-488.2 compat-
ible devices and incorporate a SCPI parser for their own
functions, they have a very simple set of commands for
controlling Modbus devices. (See Table1 onpage3.) The
'C' command sets the Modbus device address for addressing
multiple devices on the serial network. The 'R’ command
readsaModbusregister. The'W' command writesavalueto
aModbusregister. Theregister numbersand functionscome
from the Modbus device's manual. Some examples for the
Watlow F4 Controller are:

c1 'sets 4899 to address Modbus device #1
RO,1 'reads model # at register 0

R 100,1 'reads input value #1

W 300,125 ‘'sets setpoint #1 to 125 °C
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TABLE 1

MODBUS COMMANDS

Syntax

Default

Meaning

C addr 1

L[?] w -

R[7] reg, num -

W reg, w -

WB reg, num,

100

D time

D?

w(0).w(n)

Modbus Address Command. Sets Modbus
slave device address for subsequent com-
mands. Valuefor addr is 1 to 255.

Loopback Command. Writesa16-bit word,
w, out to a Modbus device and returns a
single response word to the GPIB bus. The
questionmark isoptional. VaueforwisOto
65535.

Read Register Command. Reads one or
multiple Modbus device registers. User
specifies starting register reg and number of
registers to be read num. The [?] is an op-
tional symbol so programs like ICS's
GPIBKybd program can recognize the
comand as a query and automatically read
theresponse. Valuesfor reg are0to 32767.
Vaues for numare 1 to 64. Responses are
returned as 16-bit decima or HEX values
separated by commas. Output format se-
lected with the Format command. i.e.

R? 0,1 reads Watlow Model Number. Re-
sponse is 5270 for Watlow Model F4

R?0,3 reads three successive registers. Re-
sponse is 5270,0,123 for the Watlow F4
Controller.

Write Register Command. Writes a 16-bit
value, w to asingle Modbus device register,
reg. Valuesfor reg are 0 to 32767. Values
for ware 0to 65535. Anexampleis:

W 100, 55 writes the decimal value 55 to
register 100.

Write Block Command. Writes
multiple 16-bit words, w(i) tomultipleregis-
ters. Starting register, reg.  Number, num
specifies how many words are to be written.
Values for reg are 0 to 32767. Values for
numarelto64. Vauesfor ware0to65535.

Timeout Command. Sets timeout value of
Modbus response message in milliseconds.
Timeout isthe total time for the message to
be received by the 4899 or 4809. Valuefor
timeis 1 to 65,535 milliseconds. Defaultis
100.

Queries the current timeout setting.

Read Error Command. Readsand clearsthe
ModbusError Register and bit 6 inthe Event
Status Register. Returnsaerror code whose
valueis0to 255. Error values are:

No errors present

Exception Code 1

Exception Code 2

Exception Code 3

CRC Error

Timeout Error indicatesno char-
actersreceived

Partial or corrupted message
nn is number of received bytes.

2nn
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VISUAL BASIC EXAMPLE SOFTWARE

I CS has devel oped an example Visual Basic program, called
TempCilr, that shows how a 4809, 4819 or a 4899 GPIB-to-
Modbus I nterface can be used to control a Watlow F4 Tem-
perature Controller. The example routines can be easily
incorporated in afinal application program. The programis
writtenin Microsoft Visual Basic version 6 and can berun by
anyonewith Visual Basic version 6 or theVB6 RuntimeFile.
Althoughthe program description describeshow the program
workswith aModel 4899, it worksthe same with the 4809 or
4819 Interface cards. The program usesthe National Instru-
mentscommand set and requiresan | CS, M easurement Com-
puting or National Instruments GPIB Controller card in-
stalled in the PC.

The program has three forms; a Main Form, a GPIB Com-
mands and Setup Form and a Profile Generator Form. The
Main Form contains controls that send commands to the
GPIB interface to control the Modbus device, display its
responses, set static temperatures, set humidity and run tem-
perature profiles. Figure 3 shows the Main Form when the
programisfirst started. The GPIB CommandsForm contains
controls that query and set the 4809/4819/4899's GPIB ad-
dress, its 488.2 Status Reporting Structure and its serial
interface. TheProfile Generator Formhascontrol sthat create
temperature controlling profiles with ramps and soak times.

. Main Form =10] x|
GPIB to ModBus Temg Controller
For 4808, 4819 and 4899 Controllers
ModBus Address o
Initialize GPIB Commands.
D Sat | GPIB 486.2 Commands Read
Bus and Setlings ESR
ModBus Device Queries Humidit
Read | Read| Read| Read| Read| Read | Read Read ~ On
Model SN Soft Rev | Date Emr Temp AH o
Modbus Commands
Assemble Output Command and Press Send
Msg Format Command | Reg# Number of registers
« Ascu * Read l Send Clear
 Hex  Write
Command Response Found F4 Watlow Controller
Static Commands
Temp RH Time Cnk
Fun Stop | ~ DegF Set | Set
Loop | Loop | o pagr Temp AH 1
Profile Controls
Run Stop Delete Create Exit
Profile | Profile Profile Profile
Revised 0310-2004
Figure3 TempCtlr Main Form
Table 1 Notes:

1. All values arein decimal. To enter HEX values, use #h value.
2. Response parameter format set by SCPI FORMat command.
3. Negative values start with aminus '-' sign.

4. Separate multiple values by a comma.
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RUNNING THE PROGRAM

Torunthe TempCitlr program, click on TempCtlr.exe. When
the Main Form appears, click the Initialize Button which
initializes the GPIB Controller Card in the PC, checks for a
4809/4819/4899 type I nterface, checksfor presenceof the F4
Controller and then enables the other controls. An error
message is displayed if the F4 Controller is not found.

If thisisyour first timeinthe program, or if the 4899 is set to
an address other than 4, click on the GPIB Commands and
Setting Button to setup the 4899.

GPIB COMMANDSAND SETUP FORM

The GPIB Commands Form contains controls that sets the
GPIB addressthe program usesfor the 4899, that modifiesthe
4899's serial interface settings and configures the 4899's
488.2 Status Reporting Structure. Click the IDN? button to
confirm that you have GPIB communication with the 4899.
If the 4899 is not responding to the program, check its GPIB
address and change the address in the GPIB Address box to
match the 4899's current setting and click Set. (Thischanges
the address used by the program, not the 4899's actual GPIB
address.)

=10 x|

w= GPIBE Commands and Setup

GPIB Address
[ se

RE405 Mode
" Enabled
* Disabled

r486.2 C C

‘1DN?| ‘BTEI?| "SRE'!| *ESR?

488.2 Protocol - - SRE Setting -~ ESE Setting Set PSC
FindLstn ,? Set I Iﬁ Set ,_ Set I

Command Response
IDN = ICS Electronics, 48399, S5/N 123021,
FRev 00.11 Ver 99.04.291

*ESE?

‘SAV| ‘RET| *CLR |

Serial
Poll
Feturn to Main
Form

Figure4 GPIB Commandsand Setup Form with IDN
M essage Response

If the serial baud rate needs to be changed, click the correct
baud rate button and then the Set button. Leave RS485
disabled when using RS-232 signals. Enable R$485 when
controlling multiple F4s on an RS-485 network. RS-485
changeswill not take affect until the interface sends the next
serial message.

Click ESE?toconfirmthat bit 6inthe ESE register isenabl ed.
Theresponseisadecimal value equal to the sum of the binary
weights of the enabled bits. Bit 6 has adecimal value of 64
and needs to be on to activate automatic Modbus Error
warning on the Main Form. |f not, use the ESE Setting box
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to enable bit 6. Refer to Section 3 of the 4899's Instruction
Manual for more information about the other 488.2 controls
shownonthe GPIB Commandsand Setup Form. Whendone,
set PSC to 0to savethe SRE and ESE settings. Usethe* SAV
control if you want to save any other parameters. Click the
Return to the Main Form button to exit the form.

MAIN FORM

OntheMain Form, verify that the Current Address box value
matches the address of your Modbus device. (Watlow F4s
default to address 1). If not, change the address and click the
Set Modbus Address control to enabl etheremaining Modbus
controls.

The Modbus Device Queries box has controls that generate
preprogrammed queriestotheModbusdevice. Click onRead
Model (Number) to verify communicationwith your Modbus
device. Read Model reads register #0 and displaysthe result
in the Command Response text box. Figure 5 shows the
response (5270) from a Watlow Model F4 controller. The
other controls, Read S/N, Read Soft(ware), Read Rev(ision)
and Read Datequery theremaining F4 identificationregisters
(registers 1 thru 5). Change the Msg Format setting from
ASCII to HEX to see the difference in the query response
values. Thiscontrol also affectsthe output dataso leaveitin
ASCII when done unless you want to send and receive HEX
values.

_ =loix
GPIB to ModBus Temp Controller
For 4809, 4819 and 4899 Controllers
ModBus Address n—
Initialize GPIB Commands,
D 2k GPIB 488.2 Commands Read
Bus and Settings ESR
ModBus Device Queries ~Humidity -
Rend || Read| Read| Read| Read| Read | Read Head e
Model | S/N Soft Rev Date| Emr Temp RH  on
Modbus Commands
Assemble Output Command and Press Send

Msg Format Command Regf Number of registers

& AsCH & Read | Send Claar

" Hex " Write

o iR I# = 5270
Static Commands
Temp FH Time Cnt

Run Stop |  DegF Set Sat

Loop Loop | DegC Temp RH I
Profile Controls

FRun Stop Delete Create Exit
Profile | Profile | Profile Profile
Fevised 0310-2004

Figure5 Main Form with F4 Model Number

Theremaining ModbusDeviceQuery buttonslet youreadthe
4899's Modbus Error Register, read Temperature (register
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100) and Humidity (register 104). You can easily modify
these routines to read other Modbus registers.

The Modbus Commands box lets you manually generate
Modbusread or write commandsfor any Modbusdevice. To
read aregister, click the Read Option Button. Thissetsupthe
Reg# and Number-of-Register boxes. Enter the number of
the register to beread in the Reg# Box. Enter the number of
sequential registers to be read in the Number-of-Registers
Box. If youmakeamistake, usethe Clear Entry or the cursor
to clear out the boxes. Click the Send Command button to
send the read message to the Modbus device. The response
will appear in the Command Response box.

Towritetoaregister, click theWrite Option Button. Enter the
number of theregister to bewrittentointhe Reg# Box. Enter
the data in the Output Data Box. When writing to multiple
sequential registers, separatethevalueswithacomma. Click
Send Command to send the write message to the Modbus
device.

If aRead ERR Reg flag appears, the 4899 detected aM odbus
error. Click the Read Err button to read the 4899's Modbus
Error Register. If thevalueisO0, the 4899 may have detected
acommand or user error. Usethe Read ESR control to read
the 4899's ESR register. Refer to the ESR register bit
definitionsin Figure 3-1 of the 4809/4819/4899 Instruction
Manual to determine the cause of the error. Figure 6 shows
the Modbus Error Register message after writing an out-of-
range value to register 4003 in the Watlow F4 Controller.

GPIB to ModBus Tpmp Controlier
For 4809, 4819 and 4839 Controllers

GPIB Commands,
488.2 Commands
and Settings

Initialize
GPIB

ModBus Address
D Jal Read
ESR

ModBus Device Queries rH by -
Rend | Read| Read| Read| Read||Read !l Read Head s
Date | || Err | RH
Modbus Commands

Model SN Soft Rev Temp 111
Assemble Output Command and Press Send
Command Regf  Output Data

€ Read | 4003 12345 Send
= Write

Bus

Msg Format

& AsCH
" Hex

Modbus Error Regi
Exceplion Code #3

G d R

Static Commands
Time Cnt

 DegF

B—E -

Run Stop I
Loop Loop | DegC I
Profile Controls '
FRun Stop Delete Create Exit
Profile | Profile | Profile Profile

Fevised 0310-2004

Figure6 Main Form with Modbus Error Register
Response
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STATIC TEMPERATURE AND HUMIDITY

The Static Commandsbox contains control sthat set tempera-
tureand humidity setpointsand display thecurrent valuesand
timereadings. To verify the temperature control functions,
the F4 was connected to a AC relay which powered alamp
that was used to heat a small Temperature Chamber. A type
Jthermocouple was used to sense the chamber temperature.
Figure 9 shows the F4 test setup.

Note that this routine does not modify any control loop
parameters. Those parameters are set by your temperature
chamber supplier and should only be changed after consult-
ing with your supplier.

Before running the Static Command Loop, select the tem-
perature units and set the desired temperature and humidity
by enteringavalueinthebox and clicking the Set Temp or the
Set RH button. Clicking Run Loop enablestheVisual Basic's
timer function to read and display temperature, humidity and
time from the F4 once a second. If the temperature setpoint
valuewasentered withadecimal point, the F4 display and the
response will show a decimal point. If the setpoint was
entered without adecimal point, the F4 and theresponse show
justintegers. Figure 7 showsa40° setpoint and the Tempera-
ture and Time displays active.

=101 x|

GPIB to ModBus Temp, Controller
For 4809, 4819 and 4899 Controllers

GPIB Commands,
488.2 Commands
and Settings

Initialize
GPIB
Bus

ModBus Address
D Jat Read
ESR

‘—Muﬂﬂus Device Queries rH by |

Read | Read| Read| Read| Read| Read | Read Hend riga
SN Soft Rev Date Emr RH

Model Temp = Off
Modbus Commands
Assemble Output Command and Press Send
Command Regf MNumber of registers

# Rend 1 Send

" Write
to 40

Msg Format

& ASCH
" Hex

Set Ti

C d R P

Static Commands

El=

Profile Controls

=

Time Crt

Create .
Profile B

Flevised 0310-2004

 DegF
 DegC

FRun
Profile

Delete
Profile

Stop
Profile

Figure7 Main Form with a Static Setpoint and Tem-
perature Display

Y ou can stop the static set point operation by entering OFFin
the temperature box and clicking the Set SetPt control. The
reading loop is stopped by clicking the Stop Loop button.

Fax: (925) 416-0105
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GENERATING A PROFILE

The Profile Controlsbox on the Main Form contains controls
to create, run or del ete temperature profiles. Click the Create
Profile button to bring up the Profile Generator form shown
in Figure 8.

To createaprofile, enter an unused profile number in the box
(start withnumber 1) and click Set Profile. 1f the F4 responds
that thisisavalid unused profile number, the Step Generator
box controlsareenabled. If not, goback totheMain Formand
delete ALL profilesby entering ALL intotheprofilestext box
and clicking Delete.

The Step Choicecodinginthe TempCtlr program followsthe
Watlow suggested flowchart for programming aprofile. The
example program implements the Autostart, Time Ramp,
Ramp Rate, Soak and End steps. The user can add the Jump
stepif it isneeded in his application.

Tostart aprofile, you canuseeither Autostart which startsthe
profile at a preset time of day (like an alarm clock) or Time.
Time is redly the Time Ramp function but it will do an
immediate start profile step when programmed for a short
period of time. The TempCltr program defaults to 10 sec-
onds.

ClicktheTimeoptionto createthefirst step. Thisdisplaysthe
Start Time boxes. Leave the start time at 00:00:10 for an
immediate start or enter ashort delay time. Click Set. Enter
the current temperatureinthe Temperature text box and click
Set Tempto completestep 1. Thisenablesthe Rate and Soak
steps. Each subsequent step increments the Step number in
the Step Number box.

For atemperaturerampyou canuseeither aTimeor Ratestep.
Timeworks as described above where you enter aramp time
and ending temperature. Follow the above instructions but
enter areal ramptimeand anendingtemperature. Click either
the Ramp or Soak optionsto add morestepstotheprofile. For
aRate Ramp step, enter the Ramp ratein degrees/minute* 10.
(e.g. Enter 50for 5 degreesper minute). Click Set. Enter the
end temperature value and click Set Temp. Figure 8 shows
the Profile generator form making a 5 degree/minute Rate
ramp.

For a Soak step, enter the Soak Time and click Set.

To end the profile, click End which makes the last step and
savestheprofile. Returntothe Main Formto runtheProfile.
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= Profile Generator Form =10] =]
Select ProfileNumber Step Number
Set
! Profile B
Step Generalor
Sets Ramp Rate and End Paoint
Step Type Set rate in degrees/minute *10

 AutoStart Time Sat

1=
Set
 Time =0 5 Temp

~ Ramp
 Soak

© End
Return to
Main Form

Figure8 Profile Generator Form making a Ramp
RUNNING THE PROFILE

OntheMain Form, enter the profilenumber inthe profiletext
box and click Run Profileto start the profile. The profilecan
be stopped by clicking the Stop Profile control. To deletea
profile, enter the profile number in the profile text box and
click Delete. Click Confirm to finish the delete process. |If
thingsget too mixed up, enter ALL inthe profiletext box and
click Delete to erase al profiles.

VISUAL BASIC TempCtlr PROJECT

The TempCitlr program can be downloaded from ICS's
website as VB5 TempCitlr.zip. Load the program into a
temporary directory andunzipitto extract the TempCitlr files.
TheTempCitlr.exefileisanexecutableversionof the TempCilr
program that runs with ICS, ComputerBoards or National
Instruments GPIB Controller Cards.

Visual Basic programs are referred to as projects. The
TempCitlr project contains three .frm files plus the three .bas
files: NIGlobal .bas, VBib-32.basand Modulel.bas. Thefrm
filescontainthecontrols(buttons, frames, text boxesetc.) and
codeto executethe control functions. frmMAIN isthetop or
main form. The NIGlobal.bas file contains the GPIB con-
stants and variables used in all Visual Basic programs. The
VBib-32.basfilecontainsthelibrary declarationsfor thecalls
totheGPIB DLL. TheModulel.basfilecontainstheprogram's
global variables and the SendCmd, ReceiveResp and gpiberr
subroutines.

To adapt the TempCtlr program to a GPIB card with another
command set, you have to replace the NIGlobal.bas and
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NOTE: The examples shown in this document
are for illustration purposes only. They do not
represent the correct setup or configuration for

WATLOW

TestEquity chambers. Sample programs from
ICS may change critical setup parameters,

resulting in improper chamber operation. They
are provided as a guideline for how to write your
own programs only. Correct setup parameters
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are documented in the TestEquity manual.
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Figure9 TempCtlr Program Test Connections

VBib-32.bas files with the equivalent file(s) for the other
card. Youwill also haveto changethecallsin therest of the
program to call the equivalent functions for the new GPIB
card. Thisisfairly smpleto do since most of the GPIB calls
are to the SendCmd and ReceiveResp subroutines in the
Modulel.basfile. After changing these two subroutines, all
you haveto doisto correct theinitialization commandsinthe
Main Form and the 488.2 commands in the 488.2 Form.
Follow the instructions from the GPIB Card manufacturer
when preparing Visual Basic programs for your card.

WRITING THE APPLICATION PROGRAM

The following suggestions apply to an application program
for the 4809, 4819 or 4899 GPIB-to-ModbusInterfaces. The
initialization routine should set all of the fixed parameters
such as timeouts, format, ESE settings, Modbus device ad-
dress etc. and verify presence of all devices. When some of
the Send and Receive commandsare executed in theexample
program, the error variable is tested after the command to
check for errors. This only assures the command was cor-
rectly executed. It doesnot mean that the 4809/4819/4899 or
the Modbus device liked the command or executed it. Add
additional teststoread theM odbusError Register inthe4809/
4819/4899 or to check the 4809/4819/4899's ESR register to
determineif it or the Modbus device had a problem with the
command. Bit 6 will beonif therewasaModbuserror. One
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method of doing thisis to enable SRQ generation when an
error occurs and then check the SRQ line after each com-
mand. It will be asserted if the 4899/4809/4819 detected a
Modbus error. To reduce your coding effort, the SRQ and
Modbus error tests can be put into the command subroutines
in Modulel.bas.

Next set the Modbus device address to match the address of
the actual Modbus device and send the C command with the
addressvalue. If you haveonly onedevice, youwill not need
atext box to enter the address. The 4809/4819/4899 defaults
to avalue of 1 which should match the Watlow's F4 default
value. If youhavemultipleM odbusdevices, thecmdChgAddr
routine can serve asan addressexample. Ineither case, theC
command and Modbus device address have to be sent to the
4809/4819/4899 before executing aread or write command.
Y ou can skip this step if you use the default address of 1 or
have saved the Modbus address in the 4809/4819/4899's
memory with the * SAV 0 command.

The cmdRdM odel or cmdSend routines show how to read or
write to a Modbus device register. Be sure the 4809/4819/
4899's format is set correctly before executing the R or W
commands. The recommendation is to put aformat setting
command in the initialization procedure after reading the
unit's IDN message. Read routines should provide a short
delay after sending thequery (R?reg,n) beforeaddressing the
4809, 4819 or 4899 to talk to givethe Modbus devicetimeto
receive the message and to respond to it.
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When setting theM odbustimeout, check your Modbusdevice's
manual for itsexpected responsetimesand set thetimeout for
the worst case time plus 2 milliseconds per character in the
longest message packet. Add a safety margin of 30 to 50
milliseconds. The 4809/4819/4899s default to 100 millisec-
onds. Someusershavereported that 300 msisamorereliable
timeout valuefor the Watlow F4 Controller asit occasionally
gets busy with an internal calibration routine.

The Set Static Setpoint and the Profilegenerating routinescan
beincorporated directly into your test program. Theexample
used the simple ON-OFF control option asit was the easiest
to implement with the lamp heat source. However in areal
system, the user may want to use one of the more sophisti-
cated PID functions.

SUMMARY

Thisapplication note hasshown how |CS'sModel 4809, 4819
and 4899 GPIB-to-Modbus Controllers are used to control
Modbus slave devices over a seria link. This note also
describes an example Visual Basic program that can be used
with a Watlow F4 to control process temperatures. While
Watlow's new F4 series Process Controller was used as the
M odbus device to devel op the program, most of the program
anditsconceptsshould work with other Modbusdevices. The
example program can also be used as a starting point for the
user's own temperature control program. The Visual Basic
source files and an executable copy of the program can be
downloaded from ICS's website at http://www.icselect.com
asasdf exploding zip file.

NOTE: The examples shown in this document are for illustration purposes
only. They do not represent the correct setup or configuration for
TestEquity chambers. Sample programs from ICS may change critical
setup parameters, resulting in improper chamber operation. They are
provided as a guideline for how to write your own programs only. Correct
setup parameters are documented in the TestEquity manual.
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