305 Progranmabl e CPU
User's Manual

FA

eENgIREErNg

O der Nunber: F3-RTU-M






TRADEMARKS

This publication may contain references to products produced

and/ or offered by other conpanies. The product and conpany nanes
may be trademarked and are the property of their respective

owner s.

Texas Instrunments IS a registered trademark of Texas I nstrunents,
Inc. TI, TIWAY, Series 305, Series 405, TI305, and TI405 are
trademarks of Texas Instrunents, Inc. Sienens and S| MATIC are
regi stered trademarks of Sienmens, AG GE is a registered
trademark of General Electric Corporation. Series One is a

regi stered trademark of GE Fanuc Automation North Anerica, |Inc.
Modbus is a registered trademark of Gould, Inc. IBMis a

regi stered trademark of International Business Machines. M5 DOS
and Mcrosoft are registered trademarks of M crosoft Corporation.
W ndows is a trademark of M crosoft Corporation. OPTOMUX and
PAMUX are trademarks of OPTO 22. MCS is a trademark of Inte
Corporation. Wrdperfect is a trademark of WrdPerfect
Corporation. Wrdstar is a trademark of McroPro |International
Cor por ati on.

COPYRI GHT
([T

Copyri ght 1988-1994 FACTS Engi neering Inc., 34760 U.S. Hi ghway
19, Pal m Harbor, Florida, 34684. Wrld rights reserved. No part
of this publication may be stored in a retrieval system
transmtted, or reproduced in any way, including bu not limted

t o phot ocopy, photograph, magnetic, or other recording nedia,

w thout the prior agreenment and witten perm ssion of FACTS

Engi neering, Inc.






WARNI NG

Thank you for purchasing automation equi pnent from FACTS

Engi neering. W want your new FACTS Engi neering autonmation
equi pnent to operate safely. Anyone who installs or uses this
equi pnent should read this publication (and any other rel evant
publications) before installing or operating the equipnent.

To mnimze the risk of potential safety problens, you shoul d
follow all applicable local and national codes that regulate the
installation and operation of your equi pnent. These codes vary
fromarea to area and usually change with tinme. It is your
responsibility to determ ne which codes should be followed, and
to verify that the equi pnment, installation, and operation is in
conpliance wwth the latest revision of these codes.

At a mininmum you should follow all applicable sections of the
National Fire Code, National Electrical Code, and the codes of
the National Electrical Mnuafacturers Association (NEMA). There
may be | ocal regulatory or governnent offices that can help
determ ne whi ch codes and standards are necessary for safe
installation and operation.

Equi prrent damage or serious injury to personnel can result from
the failure to follow all applicable codes and standards. W do
not guarantee the products described in this publication are
suitable for your particular application, nor do we assune any
responsi bility for your product design, installation, or

oper ati on.

| f you have any questions concerning the installation or
operation of this equipnent, or if you need additional
i nformation, please call us at 1-800-783-3225.

Thi s docunent is based on information available at the tine of
its publication. Wile efforts have been nade to be accurate,
the information contained herein does not purport to cover al
details or variations in hardware and software, nor to provide
for every possible contingency in connection with installation,
operation, and mai ntenance. Features may be described herein
whi ch are not present in all hardware and software systens.
FACTS Engi neering assunes no obligation of notice to hol ders of
this docunment with respect to changes subsequently made. FACTS
Engi neering retains the right to nake changes to hardware and
software at any tinme, wthout notice. FACTS Engi neering makes no
representation or warranty, expressed, inplied, or statutory with
respect to, and assunmes no responsibility for the accuracy,

conpl eteness, sufficiency, or useful ness of the information
contained herein. No warranties of nmerchantability of fitness
for purpose shall apply.
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U CHAPTER 1: | NTRODUCTI ON U

Thi s manual describes details specific to the F3-RTU Progranmabl e
Renote Termnal Unit. This docunent should be used to suppl enent
t he FACTS Extended BASI C User's Reference when progranmm ng the
FACTS Engi neeri ng F3- RTU nodul e.

The F3-RTU nodul e may be programmed in BASIC to read and wite
digital and analog I/O and communi cate with external devices

t hrough the two RS232/ 422/ 485 serial commrunication ports.

The F3- RTU nodul e conmuni cates with up to 184 DL305 1/ O points
usi ng the ACTI VATE, DEACTI VATE, and STATUSI O instructions and the
anal og dat a- base.

The F3-RTU nodule is installed in the CPU slot of a DL305 base.
The F3- RTU nodul e communicates w th external devices using the
the built in serial ports. The F3-RTU nodul e supports the
fol |l ow ng conmuni cati on protocols.

DYNAM C PROTOCOL

The Dynam c protocol is built into the F3-RTU operating system
The Dynam c protocol can be used with radio or direct wred
connections. The Dynam c protocol supports many RTU features

i ncl udi ng:

Short and conci se nessage format

Program upl oadi ng and downl oadi ng over Network

Digital Inputs support status, transition, counting

(accunul ation), duration, and pulse rate (flow) with report by
exception if values are out of user defined deadband

Anal og i nputs support status, mninmum maxi nrum average, and
accunul ation with report by exception if values are out of user
defi ned deadband

Optional data tinme stanmping (in seconds since mdnight)

Report by exception may be solicited (polled) or unsolicited
via dial up tel ephone or peer to peer packet radi o network.
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MODBUS RTU PROTOCOL

The Modbus RTU protocol is inplenented as a user downl oadabl e
BASI C program The Mdbus protocol can be used with radio or
direct wired communications. This Mdbus inplenentation
supports:

_ Modbus Function Codes 1, 2,3,4,5,6, 15,16
_ Register Data Types correspond to Anal og Channel s
_ FACTS Extensions allow reading | ogged data val ues

CUSTOM PROTOCCL

FACTS Extended BASIC sinplifies the inplenmentation of custom
comruni cation protocols through an extensive instruction set.

SETPORT for configuring serial port baud rate and fram ng

SETI NPUT for configuring exactly how the | NPUT statnent works
| NLEN to check the nunber of characters in an input buffer

| NPLEN to check the nunber of characters |ast input

PRI NT USING for formatting serial port output

ASC and CHR$ for mani pul ating binary strings

ERRCHK for cal cul ati ng Checksum LRC, or CRC-16 error checking
codes
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F3- RTU GENERAL SPECI FI CATI ONS

OOMount i ng 0 - CPU Slot of a DL305 base
ORequirenment [

O Power O - 416 mA @5 Vdc maxi mum (supplied by base)
OConsunption [

(I [T

OQper ati ng 0 - O to 60 degrees C (32 to 140 degrees F)
OEnviroment 0O - 5 to 95% hum dity (non-condensi ng)
UProcessor O - Intel 80C51FA-1

0C ock Speed 0 - 16 Mz

([T
OMenory 0 - 128K Total (64K Data, 64K Program
OPhysi cal O - Two 9 Pin D type connectors
OConnectors [0 - Port 1 (Top 9 Pin)
0 0 - Port 2 (Bottom9 Pin)

01 ndi cat or 0

OLEDs O
OPort 1 O - RS232/422/ 485 Junper Sel ectabl e

O 0 - 57600 Baud Maxi mum (Junper Confi gurabl e)
OPort 2 O - RS232/422/ 485 Junper Sel ectabl e

O 0 - 9600 Baud Maxi mum ( SETPORT Confi gurabl e)
OAdditional [0 - Battery Backed Cal endar/ C ock

[lFeat ures 00 - Programmable fromPort 1 or Port 2

- ON, R2, T2, i1P, OK R1l, T1 (See Appendix B)

3

O

oo oo oo oo ooo o o oo o gd
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DYNAM C PROTOCOL SUPPORT

The F3-RTU supports Texas Instrunents DYNAM C Protocol. Port 1 of
the F3-RTU can be dedicated to the DYNAM C Protocol, assigned to
BASI C or shared by both. The DYNAM C protocol supports the

foll ow ng features:

- Read and Wite local I/Ofroma renote |ocation

- Renote upl oad and downl oad of the BASIC control program
- Report by Exception

- Unsolicited report by exception

A sunmary of the F3-RTU DYNAM C i npl enentation is in Appendi x D.

For a conpl ete description of the protocol, please refer to the
Texas Instruments "DYNAM C PROTOCOL REFERENCE GUI DE, Desi gni ng
SCADA Systens, Decenber 1986".

| /O MODULES NOT SUPPORTED BY THE F3- RTU

Currently the 305 Bridge CPU supports over 36 differnet Direct
Logic 305 I/0O nodul es. The sales catal og contains a conplete
listing of all available I/O nodules. Please call us if you do
not find the I/Ointerface you need for your application.

The only Direct Logic nodul es which are inconpatible with the
Bridge CPU are |isted bel ow

D3- HSC H gh Speed Counter
D3-04AD Analog Input, 8-Bit, 4 Points
D3-02DA  Anal og Qutput, 8-Bit, 2 Points



ACTI VATE

Functi on

Synt ax
Shor t hand
Usage

U CHAPTER 2: F3- RTU STATEMENTS U

Turns ON a discrete output or a group of discrete
out put s

ACTI VATE(I/ O regi ster) = mask
A

ACTI VATE is used to turn specified outputs in a group
of eight outputs ON without affecting the state of

ot her outputs in the group. |[/O register specifies the
out put group.

mask is used to specify the output or group of outputs
to turn ON. Turning ON a bit in the nask byte turns ON
the corresponding output. To turn ON nultiple bits in
an /O register, add the mask val ues toget her.

Qut put mask
0 1
1 2
2 4
3 8
4 16 (10H)
5 32 (20H)
6 64 (30H)
7 128 (80H)

The first 8 slots in a base have two |/ O register
groups for each slot. Either 8 or 16 point 1/0

nodul es may be installed. The next 8 slots in the CPU
base and the expansi on base have one |/ O regi ster group
each. Only 8 point nodules may be installed in slots
8-15 (first I/Onpodule is in slot 0). See Appendix C
for /O register addressing of different base
configurations.
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Sl ot | / O Regi ster (Low Byte) |/ O Regi ster (Hi gh Byte)
0 0 1
1 2 3
2 4 5
3 6 7
4 8 9
5 10 11
6 12 13
7 14 15
8 16 N A
9 17
10 18
11 19
12 20
13 21
14 22
15 23

Exanpl e

1000 REM  Turn ON outputs 3 and 6 in slot 3 (low byte)

1010 REM Al other outputs are unchanged

1020 ACTI VATE( 6) =72

1030 REM  Turn ON outputs 0, 2, and 7 in slot 3 (high byte)
1040 BITS=0 : BIT(0)=1: BIT(2)=1: BIT(7)=1

1050 ACTI VATE(7)=BI TS
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DEACTI VATE

Functi on

Synt ax
Shor t hand
Usage

Turns OFF a discrete output or a group of discrete
out put s

DEACTI VATE(I/ O regi ster) = mask
D.

DEACTI VATE is used to turn specified outputs in a group
of eight outputs OFF without affecting the state of

ot her outputs in the group. |[/O register specifies the
out put group.

mask is used to specify the output or group of outputs
to turn OFF. Turning ON a bit in the mask byte turns
OFF the corresponding output. To turn OFF nultiple

bits in an I/Oregister, add the nask val ues together.

Qut put mask
0 1
1 2
2 4
3 8
4 16 (10H)
5 32 (20H)
6 64 (30H)
7 128 (80H)

The first 8 slots in a base have two |/ O register
groups for each slot. Either 8 or 16 point 1/0

nodul es may be installed. The next 8 slots in the CPU
base and the expansi on base have one |/ O regi ster group
each. Only 8 point nodules may be installed in slots
8-15 (first I/Onpodule is in slot 0). See Appendix C
for /O register addressing of different base
configurations.
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Sl ot | / O Regi ster (Low Byte) |/ O Regi ster (Hi gh Byte)
0 0 1
1 2 3
2 4 5
3 6 7
4 8 9
5 10 11
6 12 13
7 14 15
8 16 N A
9 17
10 18
11 19
12 20
13 21
14 22
15 23

Exanpl e

1000 REM  Turn OFF outputs 3 and 6 in slot 3 (low byte)

1010 REM Al other outputs are unchanged

1020 DEACTI VATE( 6) =72

1030 REM  Turn OFF outputs O, 2, and 7 in slot 3 (high byte)
1040 BITS=0 : BIT(0)=1: BIT(2)=1: BIT(7)=1

1050 DEACTI VATE( 7) =BI TS
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STATUSI O

Functi on

Shor t hand

Synt ax

Usage

STATUSI O sets the state of outputs and reads input
st at us

S.

var = STATUSIO (I/O register)
STATUSIO (I /O register) = expr

STATUSIO is used to set the state of discrete outputs
in a group of eight outputs to either ON or OFF. |/O
regi ster specifies the output group.

var contains the discrete input status for the
specified 1/Oregister group. An ON bit in the var
byte has a corresponding ON i nput point.

expr is used to specify which outputs to turn OFF and
which to turn ON. Turning ON a bit in the expr byte
turns ON the correspondi ng out put.

Qut put expr
0 1
1 2
2 4
3 8
4 16 (10H)
5 32 (20H)
6 64 (30H)
7 128 (80H)

The first 8 slots in a base have two |/ O register
groups for each slot. Either 8 or 16 point 1/0

nodul es may be installed. The next 8 slots in the CPU
base and the expansi on base have one |/ O regi ster group
each. Only 8 point nodules may be installed in slots
8-15 (first I/Onpodule is in slot 0). See Appendix C
for /O register addressing of different base
configurations.
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Sl ot | / O Regi ster (Low Byte) |/ O Regi ster (Hi gh Byte)
0 0 1
1 2 3
2 4 5
3 6 7
4 8 9
5 10 11
6 12 13
7 14 15
8 16 N A
9 17
10 18
11 19
12 20
13 21
14 22
15 23

Exanpl e

1000 REM  Turn ON outputs 3 and 6 in I/Oregister in slot 3
1010 REM  Turn all other outputs OFF

1020 STATUSI (6)=72 : REM 33H

1030 REM Display status of 8 inputs 1st I/Oregister in slot 1
1040 BI TS=STATUSI (O 2)

1050 FOR INP = 0 TO 7

1060 IF BIT(INP) THEN PRINT1 "ON ", ELSE PRINT1 "OFF ",

1070 NEXT I NP
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SYSTEM

Function Read and Set system paraneters that define CPU RTU
operation

Synt ax SYSTEM (code) = expr
var = SYSTEM code)

Usage See page 40 for addition Dynam c specific system codes.
code DESCRI PTI ON

0 Address of start of user PRMO .

1 Re-print |ast error nessage in direct node, P.
SYSTEM 1). In RUN node, return |ine nunber of | ast
error.

2 If true then add CRC-16 error check characters to PRI NT
statenents and check CRC-16 on strings | NPUT ( COVERRn).

3 |f true, output CRC-16 LSB first (has no effect on
dynam c).

4 Timer mlli-second value (was dby(71)).

5 ERRCHK result (CRC-16 word, LRC byte, sum check byte).

6 Address of first free nenory location in bank 1. This

is the location of the first byte after the end of the
saved prograns.

7 Selects port 1 for the programm ng port if expr.
evaluates to 0. If expr. is 1 then port 2 becones the
programm ng port. This is the run tine equivalent to
COWAND@n. If port 1 is selected then Dynamc is
di sabl ed at power up.

20 Start of slot O data base.

22 MSB channel 1 anal og i nput or output offset from
systen( 20).
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U CHAPTER 4: ANALOG DATA BASE U

The analog I/Oin a F3-RTU systemis managed by an anal og data
base. Each anal og slot has a block of nenory dedicated to that
slot. Analog input values for each channel are automatically
updated in the data base for the slot the analog input is
installed in. Analog outputs are updated by the CPU based on the
val ues contained in the data base for that slot. The WORD
instruction is used to read analog inputs and wite anal og

out put s.

In addition to current anal og val ues, the anal og dat abase
cont ai ns deadband val ues used for RBE (Report by Exception) and
URBE (Unsolicited RBE) nessage generation. Analog M ninum

Maxi mum Average, and Accumul ated val ues are also contained in

t he anal og data base. Contact FACTS Engi neering for applications
information on these features.

The junpers that specify the nunber of anal og channel s nust be

set correctly before anal og i nputs can be read and anal og out puts
can be witten. See Chapter 5 (installation) for junper settings.

13
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WORD | nstruction

Functi on

Synt ax

Usage

WORD reads fromor wites to a specific nmenory |ocation
two bytes

var =WWORD( addr ess)
WORD( addr ess) =expr essi on

address is an expression fromO to 131071( 1FFFFH),
representing a two byte nenory | ocation. WORD retrieves
or assigns an integer value (0 to 65535). WORD can be
used to store integer values in a region of menory
protected fromBASIC. WORD can al so be used to retrieve
i nteger values fromany where in nmenory.

The followng information is necessary for cal culating the WORD
address for specific slot and channel information:

SYSTEM 20) is the pointer to the start of slot 0 anal og data

base.

SYSTEM 22) is the offset to anal og values fromthe start of
each sl ot data base.

The data for each channel is separated by two nenory
| ocations. Each nenory |l ocation is one byte.

The data base for each slot is separated by 100 Hex (256
Deci mal ) nenory | ocati ons.
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ANALOG | NPUT EXAMPLE

The foll owi ng exanpl e reads and di splays 16 anal og i nput channel s
froma 16 channel analog input (F3-16AD) nodule installed in slot
O (Slot Ois the first /O slot after the CPUslot). [If a |lower
density anal og i nput nodule (8 channel or 4 channel) is used then
the loop in line 70 and 120 should be nodified to reflect the
actual nunber of channels to read. The data base pointers are
pre-calculated in this exanple to sinplify the program Note
that the nost significant 4 bits are masked off in line 130
(Anal og data is 12 bits). VLine 135 is required only on nodul es
that use a sign bit such as the thernocouple input nodul e F4-
08THM

10 =Y e e R
20 REM Read Anal og I nputs Slot O

30 REM

40 DI M Al NPTR( 16)

50 DI M Al N(16)

60 SLOT=0

65 REM Initialize Pointers to Analog Inputs for Slot O

70 FOR CH=0 TO 15

80 Al NPTR( CH+1) =SYSTEM 20) +SYSTEM 22) +( 0100H* SLOT) +( CH* 2)
90 NEXT CH

100 REM

110 PRI NT2

120 FOR X=1 TO 16

125 REM Mask off Most Significant 4 Bits and assign

130 Al N( X) =WORD( Al NPTR( X) ) . AND. OFFFH

135 | F (WCRD(AINPTR(X)) AND. 1000H) <>0 THEN Al N( X) =- Al N(I)
140 PRI NT2 USI NG ##) , Channel "X

150 PRI NT2 USINEK####) , Al N( X)

160 NEXT X
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ANALOG QUTPUT EXANMPLE

The followi ng exanple wites and displays 4 anal og outputs to an
anal og output nodule (F3-04DA) installed in slot 1 (Slot 1 is the
second 1/O slot after the CPU slot). The data base pointers are
pre-calculated in this exanple to sinplify the program Note that
bit 12 is turned ONin line 160 with AQUT(X).OR 01000H so that
the new value will be applied to the anal og out put.

10 Y e
20 REM Wite Anal og Qutput Slot 1

30 REM

40 DI M AQUTPTR( 16)

50 D M AQUT( 16)

60 SLOT=1

65 REM Initialize pointers to Analog Qutputs for Slot 1

70 FOR CH=0 TO 15

80 AQUTPTR( CH+1) =SYSTEM 20) +SYSTEM 22) +( 0100H* SLOT) +( CH* 2)
90 NEXT CH

100 REM

110 AQUT(1)=2048 : REM 50% Qut put on Channel 1

120 AQUT(2)=4095 : REM 100% CQut put on Channel 2

130 REM

140 PRI NT2

150 FOR X=1 TO 4

155 REM Turn on Bit 12 of the channel |ocation so the new
156 REM value w |l be applied to the anal og out put channel
160 WORD( AQUTPTR( X) ) AClJT(X) OR. 01000H

170 PRI NT2 USI NG ##) , Channel "X

180 PRI NT2 USI NG(####) , AQUT( X)

190 NEXT X
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F3- RTU JUMPER LOCATI ONS

Many operation nodes and |1/ O nodul e configurations are supported
by the F3-RTU. The configuration junpers described in the

foll ow ng pages are:

Dynam ¢ Renote Address (0-255) -> J2

Anal og Sl ot Assi gnnent -> J4
Dynam ¢ Baud Rate -> J4
Dynam c¢ Error Checking Method -> J4
Cl ear Junper -> CLR
RS232/ 422/ 485 QOper ati on -> RXD1 and RXD2
(T
O O
(T U
O RXD2 RXD1 O
O L O
O O
O O
O 012 O O
(TR L. O O
O a . . . . CLR O O
O o . . . . .. 0O O
O o . . . . O O
O o . . . . O O
O o . . . . O O
O o . . . . O O
O o . . . . O O
O o . . J2 O O
O 0J4 O O
O O O O
O O O O
O O O O
O O O O
O a O O
aod O O
aod O O
aod O O
0 d O O
aod O O
aod O O
aod [ O
O IIm O
(T U
O O
([T

17
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CLR

The CLR junper is used to select the AUTOSTART node that the
nmodul e uses at reset. Placing the junper on both posts sel ects
AUTOSTART node 0. Placing the junper on a single post allows the
nodul e to use the | ast stored AUTOSTART paraneters (this is the
default factory setting).

For normal operation, place the CLR junper on a single post. See
Appendi x B for troubl eshooting information using the CLR junper.

CAUTION:. Placing this junper on both posts will erase program O,
all stored vari ables, cancel a COWAND@, renove
LOCKQOUT, and cl ear stored AUTOSTART i nformation.

CONFI GURATI ON JUVMPERS

There are two sets of configuration junpers on the snmaller F3-RTU
daught er board. The nodule is shipped fromthe factory with
shunts on all the jumpers. This configures the nodule for 38400
baud, all analog I1/0O, CRC- 16 error checking and DYNAM C addr ess
255. The junpers are defined as shown in the follow ng two

di agr amns.

NOTE: These junpers have no effect when the built-in Dynamc
protocol is not used.

8pt Header "J2"

(T
DYNAM C Renpt e Address 2 [ef[e[el e[ [][1]2
1 [ (el [o] [o] [o] [o] [o] [o] (]

(T
O0oooood

+ 1 ooooood

+ 2 oooooo

+ 4 ooooo

+ 8 oooo

+ 16 ooo
+ 32 a
+ 64 0
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8pt Header "J4"
(T
2 [l f[][I[1]4
1 [ol [o] [e] [o] [o] [e] [o] [¢] []
(T
doodogon
Aln Slots + 1 ooooooo
Aln Slots + 2 gooood
Aln Slots + 4 goodano
Aln Slots + 8 I MMM oood
Pr ot ocol Sel ect ooo
Baud O oo
Baud 1 O
Baud 2 T

ANALOG SLOT SELECT

Al'l anal og nodul es nmust be installed in contiguous slots beside
the CPU. Install junpers on Aln Slots + n in the conbination
t hat matches the nunber of anal og nodul es that are install ed.
Al'l 305 slots after slot 7 (slot next to CPUis slot 0) and al
expansion rack slots are 8 point digital slots. See Appendix C
for 1/Oregister addressing of different base configurations.

PROTOCOL SELECT

Install the Protocol Select junper (factory default) for Enhanced
CRC- 16 error checking of the DYNAM C nessage.

Renmove the Protocol Select junper for standard Bl ock Check
Character error checking.

NOTE: This junpers has no effect when the built-in Dynam c
protocol is not used.

| / O CONFI GURATI ON

| nput or CQutput nodules may be installed in any order and are
automatically identified by the RTU. If the built-in Dynam c
protocol is used, the first 1/O nodule installed next to the CPU
shoul d be an out put nodul e.
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DYNAM C PORT (PORT 1) BAUD RATE CONFI GURATI ON

The F3-RTU supports baud rates of 300, 1200, 2400, 4800, 9600,
19200, 38400, and 57600 on Port 1. One of the eight possible
baud rates is selected using the 3 Baud junpers. A "n" in the
foll ow ng tabl e designates that a shunt should be installed in
this position. A """ indicates that the shunt in this position
shoul d be renoved.

NOTE: If port 1 is controlled by BASIC (SYSTEM 19) =NOT(0))
then configure port 1 baud rate using the SETPORT
statenent. If port 1 is controlled by Dynam c

(SYSTEM 19) =0) then configure port 1 baud rate using
t hese j unpers.

(T T T (T T T T

U 300 37600 001200 12400 014800 019600 19200 38400 [
I

Baud O O ° O n g - U n g - U n g - U n U
([T (T T T T T T

Baud 1 O ° 0O ° U n U n g - g - U n U n U
I

Baud 2 O ° 0O ° g - g - U n U n U n U n U
([T (T T T T T T T

COMVUNI CATI ON PORT RECEI VER CONFI GURATI ON

Port 1 and Port 2 are junper selectable for RS-232 or RS-422/485
oper ati on.

To configure Port n, locate the 3 position junper |abeled "RXDn".
To use the RS-232 receiver on port n, place the shunt on the two
pi ns | abel ed "232" as shown below. To use the RS-422/485
receiver, place the shunt as shown bel ow.

(I
0 0
RS232 I 0
Junper U RXD2 RXD1 U
| Positions 0 L. S 0
| 0
(I
0 0
RS422/ 485 I ([T 0
Junper U RXD2 RXD1 U
| Positions 0 L. L. 0
| 0
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COMVUNI CATI ON PORT TRANSM TTER CONFI GURATI ON

On ports 1 and 2, both the RS-232 and RS-422/485 transmtters
operate sinultaneously. This permts |ocal RS-232 nonitoring of
the RS-422/485 port for troubl eshooting.

| f you do not wish to use either the RS-232 or the RS-422/485
drivers then sinply | eave them di sconnect ed.

The RS-422/485 transmtters operate automatically on the
progranmm ng port when the nodule is in the COWAND node. This
enabl es programm ng the nodul e using an RS-422/485 connecti on.

During normal BASI C program execution the RS-422/485 transmtters
are tri-stated to a high inpedance state. This permts RS-422
and RS-485 nultidrop connections. To turn the transmtters ON
during a PRINT statenent use the mulitdrop paraneter in the
SETPORT st at enent .
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COVMUNI CATI ON PORT CONNECTI ONS

(T
l PORT 1 - PROGRAVM NG COVMUNI CATI ON l
(T (T
OPIN O SYMBOL [ODESCRI PTI ON U
(T
01 0O RXD1+ ODATA I NPUT H GH, RS -422 l
02 0O TXD1 LODATA QUTPUT, RS -232 U
03 0O RXD1 LODATA | NPUT, RS -232 U
a4 0 RTS1 ODTE HAS DATA TO XM T, RS -232 [
s 0O CTS1 ODTE MAY XM T DATA, RS -232 U
06 O RXD1 - LODATA | NPUT LOW RS -422 U
a7 0O GN\D* SI GNAL GROUND U
0 8 U TXD1 - LODATA OQUTPUT LOW RS -422 U
o9 0O TXD1+ ODATA QUTPUT HHGH, RS -422 U
(T
(T
O PORT 2 - COWMMUNI CATI ON PROGRAMM NG O
(T
OPIN O SYMBOL [ODESCRI PTI ON U
(T
01 0O RXD2+ ODATA I NPUT H GH, RS -422 U
a2 0O TXD2 ODATA QUTP UT, RS-232 U
03 0O RXD2 ODATA | NPUT, RS -232 U
a4 0 N C 0+5 V @100 mA U
05 0O N C [ONo Connecti on O
06 O RXD2 - LODATA | NPUT LOW RS -422 U
a7 0O G\D* 0SI GNAL GROUND U
08 [O TXD2 - LODATA OQUTPUT LOW RS -422 U
09 0O TXD2+ ODATA OQUTPUT HHGH, RS -422 U
(T

* Si gnal ground on both ports is the sane as the 9 VDC common.

See APPENDI X F: RS232 AND 422/ 485 W RI NG DI AGRAMS
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| NI TI AL MODULE OPERATI ON USI NG ABM COMWANDER PLUS
1. Revi ew t he ABM Conmander Plus On-line instructions.
2. Run ABM Commander Plus by typing ABMfromthe DOS pronpt.

3. Enter "Set comruni cation paraneters” to set the desired
comruni cation baud rate for ABM Conmander Pl us.

4. Enter Termnal and On-line Edit node in the ABM Commander
sof t war e.

5. Install the F3-RTU Programabl e Renote Termnal Unit in the
CPU sl ot of the DL305 base. Connect the comrunications
cable fromone serial port of your conputer to port 2 on the
F3- RTU nodul e before power is applied. Turn ON the power to
the base. See APPENDI X F: RS232 AND 422/ 485 W RI NG DI AGRANVS
for cable wiring diagrans.

7. The nodule will respond with the sign on nessage and the
command pronpt. |If you do not receive the sign on nessage,
pl ease follow the trouble shooting procedure in APPEND X B.

FACTS Extended BASI C Pl us
Programmabl e Serial 305 Bridge CPU
F3-RTU, Version ..., (c)Copyright

AUTOSTART Mode, Program Baud
Mode = 0, Edit

Program = 0

Port 1 Baud = 38400

(Port 2 = 9600) Progranm ng

1 stored prograns, 63769 program storage bytes free

PRM O
READY
>

NOTE: The '>'" character is the command pronpt fromthe FACTS
Extended BASIC interpreter. Al COWANDS nust be
entered at this pronpt.

23
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EDI TI NG A PROGRAM

Once you receive the ">" BASI C COMVAND node pronpt enter the
fol | ow ng:

>AUTOSTART O, 0, baud rate (baud rate entered step 4 above)

Mode = 0, Edit

Program = 0

Port 1 Baud = (baud rate that Port 1 junpers specify)
(Port 2 = (baud rate entered above) ) Programm ng

>10 p2. Enter a small program
>65535 p2.
>RESET Cycling the power will reset the nodul e.

FACTS Extended BASIC will respond with the sign-on nessage and
t he command pronpt.

>LI ST enter the |list comrand
10 PRI NT2
65535 PRI NT2

PRM 0O
READY
>

Not e that node zero uses the stored baud rate. The programin
the edit buffer, PROGRAM O, is always retained during |oss of
power .
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SAVI NG A PROGRAM
>NEW

>10 P2."MWY FI RST PROGRAM'
>SAVE saves programin program nenory

Savi ng program 1

1 stored prograns, 65509 program storage bytes free

PRM 0O

READY

>10 P2. "SECOND PROGRAM'

>SAVE saves programin program nenory

Savi ng program 2
2 stored prograns, 65843 program storage bytes free

PRM 0
READY
>

AUTO RUN MODE
>AUTOSTART 1, 2 Run program 2 after a reset

Mode = 1, RUN (CLEAR)

Program = 2

Port 1 Baud = (baud rate that Port 1 junpers specify)
(Port 2 = 9600) Progranm ng

(Port 3 = (last baud rate that port 3 was set to) )

>RESET
SECOND PROGRAM

PRM 2
READY
>

The nodul e now begi ns execution of the second stored program
followwng a reset. Enter a PRVMD command fol |l owed by a LIST
command to confirmthat the programin the edit buffer (PROGRAM =
0 ) is still present.
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DELETI NG A PROGRAM
>DELPRM 2

1 stored prograns, 65509 bytes free

>RESET Once again, reset the nodul e.
SECOND PROGRAM program 3 i s now program 2
READY

CANCEL AUTO RUN MODE
>AUTOSTART 0 Back to edit node using stored baud rate

Mode = 0, Edit

Program = 0

Port 1 Baud = (baud rate that Port 1 junpers specify)
(Port 2 9600) Programm ng

(Port 3 (last baud rate that port 3 was set to) )

CHANG NG THE PROGRAMM NG PORT

When interfacing to two external devices, you will want to change
the RS-232 progranmm ng port fromPort 2 to Port 1. This is done
usi ng COWAND@ as shown bel ow.

>SETPORT 1,9600,N,8,1,N Store baud rate you will use at Port 1

>COVIVAND@L Move your programm ng cable to Port 1
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UNABLE TO ESTABLI SH COVMUNI CATI ON W TH F3- RTU

CAUTI ON:

Apply power and verify "ON' light. This indicates the
power supply is good.

Verify "uP" light is OFF and if so go to step 3. |If
this light is flashing slowly then there is a problem
with the processor board. 1In this case, verify that
all the EPROM | eads are fully installed in the socket
and that they are not bent over under the chip.

If the Port 2 RXD LED (R2) flashes when data is entered
on the termnal or sent fromthe host conputer then go
back to step 2. |If the LED does not flash then use a
RS- 232 break-out box to determne if the problemis in
the cable or the conputer.

Renove the nodul e and position the "CLR' junper as
shown.

Cl ear Junper Pl acenent
(T
08 § [
(T
Placing this junper on both posts wll erase program O,

all stored vari ables, cancel a COWAND@, renove
LOCKOUT, and cl ear stored AUTOSTART i nformation.

27
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5.
conpu

6.
7.

8.

9.
j unpe

CAUTI ON:

Install the nmodule and install the cable to the
ter.

Power up the base.

The nodule wll now respond with the sign on nessage.
FACTS Extended BASI C PI us

READY

> (">" pronpt character indicates BASICis in COMVAND
node)

Type AUTCSTART 0, 0

Renove power and the nodule. Reposition the "CLR'
r.

Cl ear Junper Pl acenent

(I
§ U8 O
(I
Placing this junper on both posts will erase program O,

all stored vari abl es, cancel a COWAND@, renove
LOCKQOUT, and cl ear stored AUTOSTART i nformati on.
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| / O CONFI GURATI ON

| nput

automatically identified by the RTU

protocol is used, the first 1/O nodule installed next to the CPU

or Qutput nodules may be installed in any order and are
If the built-in Dynam c

shoul d be an out put nodul e.

BASES
Not e:

Slot O is referred to as the first slot avail able for
an I/O nmdule. In a CPU base it is first slot beside
the CPU. I n an Expansion base it is the first slot
besi de the Power Supply.
(T T
08 07 06 O 5 04 O3 02 01 00 OC O ad
o 0o o o o o o o o opd 010 Sl ot CPU
(7o0/1000 O 0O 0O 0O EXP/CPUOU O ad
(T T
(T (T
06 05 04 03 02 01 00 OcC O ad
o 0o O o O o o OpO 08 Sl ot CPU
o 0 O O O O 0O Ouaod ad
(T
(T
03 02 01 00 OcC O O
o 0O 0O O OO 05 Slot CPU
1,3/2 0O O 0OuUudO O
(T (o
(T T
09 08 07 06 O5 04 O3 02 01 00 O ad
o o o o o o o o o o o 010 Sl ot EXP
(7o0/1000 O O 0O 0O EXPcPud O ad
(T T
(T
04 O3 02 01 00 O O
o 0O O O O 0O 05 Sl ot EXP
1,3/2 0O O 0O O O
(T

29
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Val i d Base Confi gurations

10 Sl ot CPU Base
8 Sl ot CPU Base
5 Sl ot CPU Base
10 Slot CPU Base and a 5 Sl ot EXP Base
10 Sl ot CPU Base and a 10 Sl ot EXP Base

8 Slot CPU Base and a 5 Sl ot EXP Base
5 Slot CPU Base and a 5 Sl ot EXP Base
5 Slot CPU Base and two 5 S|l ot EXP Base

Junpers and Sw tches

10 Sl ot Base
Junper Bl ocks
SW. -> EXP/CPU - Located between Slot 0 and 1 of a CPU Base
SW2 -> 700/ 100 - Located between Slot 7 and 8 of a CPU Base

Swi t ches
None

8 Sl ot Base

Junper Bl ocks
None

Swi t ches
None

5 Sl ot Base

Junper Bl ocks
None

Swi t ches
Base 1, 3/Base 2 - Located between Slot 2 and 3 of a CPU Base
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In the follow ng diagranms, slots which have both a high byte and
a lowbyte in the I/Oregister reference may contain either 8 or
16 point I/O nodules. |If an 8 point nodule is used, the high
byte I1/Oregister reference is not used. If an I/O register
contains only a low byte reference then only an 8 point nodul e
may be installed in that slot. Al anal og nodul es nust be
installed in a slot with both a high byte and a | ow byte 1/0
regi ster reference (16 point slot).

10 Sl ot CPU Base Addressing

08 07 06 U5 04 O3 002 01 OO0 OC O U
g o o o o o b o o oOpPd 010 Slot CPU
(zoo/1000 O 0O O 0O MEXP cPUlIU [ U

|/ O Regi ster
na 15 13 11 9 7 5 3 1 H gh Byte
16 14 12 10 8 6 4 2 0 Low Byte

8 Sl ot CPU Base Addressing

6 005 004 O3 002 0O1 OO0 OC O U
g o o o o o o oOpQd 08 Slot CPU
o o o o o o o dudid U
|/ O Regi ster
13 11 9 3 1 High Byte

7 5
12 10 8 6 4 2 0 LowByte

5 Sl ot CPU Base Addressing

03 02 01 0o oCc O U
g o o o gpPQd 05 Slot CPU
1,3/2 0O 0O 0OuUudl U

|/ O Regi ster
7 5 3 1 Hi gh Byte
6 4 2 0 Low Byte



32 APPENDI X C

10 Slot CPU and 5 Sl ot Expansi on Base

08 07 06 U5 04 O3 002 001 OO0 OC O U
g o o o o o b o o oOpPd U 10 Slot CPU
[ 7o00/1000 O O O O [EXP CPULU O U

3

U

O I/ O Regi ster
Ona 15 13 11 9 7 5 3 1 Hgh Byte
0 16 14 12 10 8 6 4 2 0 Low Byte
U
U
U

4 03 02 01 00 O U
g o o o o O 05 Slot EXP
1,3/2 0O 0O 0O O U

|/ O Regi ster
na na na na na Hgh Byte
21 20 19 18 17 Low Byte

10 Slot CPU and 10 Sl ot Expansi on Base

(T
08 O7 06 05 04 O3 O2 0O1 OO0 OC O O
o o o o o o o o o op@ (010 Slot CPU
[moo/ 1000 O O O 0O [EXP/ CPUOU [ O
O T
O I/ O Regi ster
0 na 15 13 11 9 7 5 3 1 H gh Byte
l na 14 12 10 8 6 4 2 0 Low Byte
O
O T
M9 08 O7 06 005 004 O3 02 0O1 00 O O
o o o o o o o o o o O 010 Sl ot EXP
700/ 10000 O 0O O O OEXP/CPUO [ O
(T

|/ O Regi ster
na na na na na na na nha na na Hi gh Byte
22 21 20 19 18 17 16 na na na Low Byte
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8 Slot CPU and 5 Sl ot Expansi on Base

6 005 004 O3 002 0O1 OO0 OC O U
g o o o o o o oOpQd 08 Slot CPU
mm O O O o o O odOud U
U
0 I/ O Regi ster
O 13 11 9 7 5 3 1 High Byte
O 12 10 8 6 4 2 0 Low Byte
U
U
MMM 4 03 02 01 0o d O
g o o o o o 05 Sl ot EXP
(11,3/2 0O 0O 0O l U
|/ O Regi ster

na na na na na Hgh Byte
20 19 18 17 16 Low Byte

5 Slot CPU Base and 5 Sl ot Expansi on Base

(T
03 02 01 00 OC O O
o O 0O O oOpPOd 05 Sl ot CPU
(T 1,3/2 0O 0O 0OUO O
O IR
O I/ O Regi ster
O 7 5 3 1 Hi gh Byte
U 6 4 2 0 Low Byte
O
O M
o4 03 02 01 00 O O
o o 0O o 0O O 05 Slot EXP
1,3/ 2 0O O O d O
(T

|/ O Regi ster
na na na 11 9 High Byte
na 13 12 10 8 Low Byte
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5 Slot CPU Base and Two 5 Sl ot Expansi on Bases

(LT T
03 02 01 00 OC O O
Oo 0O 0O O 0OPO 05 Slot CPU
([T 1,3/2 0O 0O 0OUD O
U (LT
O I/ O Regi ster
O na na na na H gh Byte
U 6 4 2 0 Low Byte
O
U (LT
W4 03 02 01 0o O O
O 0O O O o O 05 Sl ot EXP
([, 3/ 2 0 0O 0O 0O O
U (LT
O I/ O Regi ster
O na 15 13 na na Hgh Byte
O 1 14 12 10 8 Low Byte
O
U (LT
W4 03 02 01 0o O O
o O 0O O O 0O O 5 Sl ot EXP
1,3/2 0O 0O 0O 0O O
(LT T

|/ O Regi ster
na na na na na High Byte
11 9 7 5 3 Low Byte
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Thi s appendi x contains a summary of the DYNAM C i npl enent ati on on
the F3-RTU. For a conplete description of the protocol, please
refer to the Texas Instrunents "DYNAM C PROTOCOL REFERENCE GUI DE
Desi gni ng SCADA Systens, Decenber 1986".

TRANSACTI ON CONTROL FI ELDS

Description

EXECUTE

DATA REQUEST

SEQUENCED QOUTPUT

DI RECT QUTPUT

RESERVED

COVIVAND/ CONTRCL

RESERVED

NACK

RESERVED

NOT SUPPORTED ( EXTENDED DATA REQUEST)
10 RESERVED

11 RESERVED

12 NOT SUPPORTED ( USER PROCESSI NG)
13 RESERVED

14 RESERVED

15 RESERVED

—
@OO\IO?U'I-BOOI\JHOQ
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Dynam ¢ Data Types for DATA REQUEST, TCF=1
Data Type Descri ption

0 RESERVED

1 ANALOG | NPUT, RAW COUNTS

2 DI SCRETE | NPUT

3 ANALOG AND DI SCRETE | NPUT (1+2)

4 PULSE COUNT | NPUT

5 PULSE DURATI ON | NPUT

6 NOT SUPPORTED ( PULSE PERI OD | NPUT)
7 RESERVED

8 NOT SUPPORTED (H GH SPEED COUNTER)
9 ALL | NPUT DATA (1+2+4+5)

10 RESERVED

11 DI SCRETE QUTPUT

12 NOT SUPPORTED ( PULSE OUTPUTS)

13 ANALOG QUTPUT, RAW COUNTS

14 RESERVED

15 RESERVED

Bot h exception and full node reporting is supported for all data
types. Exception node responses are optimzed by the RTUto

m nimze the response nessage. The RTUw || report all exception
data using full node format if the resulting nessage size for
that data type is reduced.

Dynam ¢ Data Types for DI RECT/ SEQUENCED OQUTPUT, TCF=0, 2,3
Data Type Descri ption

0-10 | LLEGAL

11 DI SCRETE QUTPUT

12 NOT SUPPORTED (PULSE QUTPUTYS)
13 ANALOG QUTPUT, RAW COUNTS

14 RESERVED

15 RESERVED
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Dynam ¢ Function Codes for COVMAND/ CONTROL, TCF=5

Function Description
00 RESERVED
01 NOT SUPPORTED ( CONFI GURE/ ABSOLUTE)
02/ 03 LOG CAL CHANNEL | NPUT/ QUTPUT
Channel Nunber Description

01-15 RESERVED
16 BASI C USER PROGRAM 0O
17 FOR BASI C USER PROGRAM 1
18- 23 FOR 512K USER MEMORY, 64K EACH LC
24 RESERVED
25 FOR STATUS AND ERRORS
26 FOR PI D LOOP PARAMETERS
27-63 RESERVED
64-75 FOR HI STORI CAL DATA/ DATA LOGA NG
76- FF RESERVED
04 NOT SUPPORTED ( COUNTER FREEZE/ RESET)
05 NOT SUPPORTED ( COUNTER THAW RESET)
06 NOT SUPPORTED ( CONFI GURE/ MODI FY) CONFI GURATI ON | S DONE
BY BASI C
07 RESET LATCHED STATUS BI TS I N RTU STATUS WORD
08/ 09 START/ KI LL TASK
Job Nane Description
Bx BASI C program nunber "x"
Lx RESERVED ( FOR Ladder Logi c program
nunber "x")
Px RESERVED ( FOR PI D Loop numnber "x")
0A NOT SUPPORTED ( SET REAL TI ME CLOCK)
0]=] NOT SUPPORTED ( READ REAL TI ME CLOCK)
oC READ HARDWARE CONFI GURATI ON
0D NOT SUPPORTED ( READ SOFTWARE CONFI GURATI ON)
OE NOT SUPPORTED (| SSUE DAYFI LE MESSAGE)
OF NOT SUPPORTED (PRI NT STRING TO RTU SERI AL |/ O PORT)
10 NOT SUPPORTED ( ASSUVE DEFAULT CONFI GURATI ON)
11 RESERVED
12 RESET RTU
13 NOT SUPPORTED ( SEND MESSAGE)
14 NOT SUPPORTED (WAI T/ RETRI EVE MESSAGE)
15 NOT SUPPORTED ( CONFI GURE/ ABSOLUTE)
16 NOT SUPPORTED (SET POUT POLARI TY)
17 NOT SUPPORTED ( SET | NTERLOCK)
18 NOT SUPPORTED ( CLEAR | NTERLOCK)
19 NOT SUPPORTED ( REQUEST DATA BASE ACCESS TOKEN)

1A NOT SUPPORTED ( SKI P ON ERROR)
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NOT SUPPORTED ( RETURN DATA BASE ACCESS TOKEN)
READ RTU STATUS WORD

NOT SUPPORTED ( ESCAPE TO DI RECT QOUTPUT)

NOT SUPPORTED ( ESCAPE TO DI RECT REQUEST)
RESERVED

NOT SUPPORTED ( SET FI LTERS/ PROCESSI NG OPTI ONS)
NOT SUPPORTED ( SOFTWARE | NTERRUPT)

NOT SUPPORTED ( REQUEST BROADCAST ACKNOW.EDGEMENT)
NOT SUPPORTED (WRI TE CONFI GURATI ON MARK)

NOT SUPPORTED ( READ CONFI GURATI ON MARK)

NOT SUPPORTED ( TEST | NTERLOCK)

NOT SUPPORTED ( START CAP)

RTU St atus Wrd

—+

e w
RPOOLO~NOUIPRWNERO ™

el o
ORWN

Descri ption
1 = RTU USER MEMORY BATTERY BACK- UP LOW

ALVAYS 0 ( RESERVED)

ALWAYS 1 ( AC PONER PRESENT)

ALVAYS 0 ( EXTERNAL ALARM PRESENT)

1 = BROADCAST MESSAGE ACKNOW.EDGE

ALVAYS 0 ( SOFTWARE CONFI GURATI ON PRESENT)
ALVAYS 0 ( OQUTPUT ACKNOW.EDGE)

1 = RTU RESET ( POAER- UP FLAG)

ALVAYS 0 ( COUNTERS FROZEN)

1 = SEQUENCED OUTPUT ACKNOW.EDGED
1 = MORE DATA AVAI LABLE

ALVAYS 0 (PO NT DATA ADDRESSI NG MODE, PDAM =
PHYSI CAL)

ALWAYS 1 (MODE 40/ 41 = 8641 EMULATI ON)

ALVAYS 0 ( BOARD TYPE DESCRI PTI ON, MD57/ MD57)

ALVAYS 0 ( SBX- B PRESENT)

ALVAYS 0 ( CARD DATA ADDRESSI NG MODE, CDAM =

PHYSI CAL)
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NACK and COVVAND/ CONTROL Error Codes

Error

Description
| NVALI D BYTE COUNT
UNKNOWN DATA TYPE
| LLEGAL SLOT NUMBER (ONLY 15 SLOTS SUPPORTED)
UNKNOWN PO NT
UNKNOWN TCF
MESSAGE TOO LONG
PARAMVETER OUT OF RANGE
BAD COMVAND ALI GNMENT - ONLY A SINGLE BYTE WAS FOUND
WHERE A FUNCTI ON CODE WORD ( COMVAND/ CONTROL MESSACE)
WAS EXPECTED
| LLEGAL FUNCTI ON CODE
OUT OF DATA
CONFLI CTI NG CONFI GURATI ON
| NVALI D LOG CAL CHANNEL LENGTH
| NVALI D I/ O PORT
PREVI QUS |/ O REQUEST | NCOVWPLETE ( CCM FUNCTI ON CCODE 15H)
M SSI NG 8087
SYSTEM HALTED
SKI P
| LLEGAL | NTERRUPT
| LLEGAL USER FUNCTI ON PROCESSOR
TSN M SVATCH
EXECUTE W THOUT SEQUENCED QUTPUT PENDI NG
EXECUTE TSN WAS | NCONSI STENT W TH THAT OF
A PENDI NG SEQUENCED QOUTPUT
EXECUTE TWO SECOND TI ME- QUT EXCEEDED
REDUNDANT EXECUTE
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DYNAM C SPECI FI C SYSTEM CODES

The foll om ng BASI C SYSTEM st at enent codes are unique to the
DYNAM C protocol inplenentation on the F3-RTU

These codes are primarily used to configure features unique to
the FACTS RTU. For exanple, the Un-solicited Report By Exception
(URBE) feature built in to the DYNAM C scanner and protocol
driver is not available on the Texas Instrunents RTUs. Pl ease
contact FACTS Engi neering for additional information and help on
i npl enenting these new features.

Synt ax SYSTEM (code) = expr
var = SYSTEM code)

code DESCRI PTI ON
10 DYNAM C RECEI VE, WAIT FOR LAST CHARACTER TIME LIMT
COUNT, 10 MSEC PER COUNT. DEFAULT IS 3 CHAR TI MES.
11 RETURNS DYNAM C DEVI CE ADDRESS PROGRAMVED USI NG THE J2
JUVMPERS ( SEE PAGE 18).
12 MAXI MUM NUMBER OF URBE COVMUNI CATI ON Tl RES PERM TTED.
DEFAULT | S 3.
13 NUMBER OF URBE COVMUNI CATI ON TI RES THI S TRANSACTI ON.
15 URBE COVMUNI CATION TI ME-OQUT IN 10 MSEC UNI TS
655.35 TO .01 SEC. DEFAULT IS 3 SEC.
16 TI CKS, NUMBER OF 10 MSEC | NTERRUPTS BEFORE NEXT 1/ 0O
UPDATE AND DYNAM C MESSAGE PROCESSI NG
17 URBE _ENABLE, ENABLE URBE
18 URBE GLOBAL_FLAG URBE GLOBAL FLAG
19 SET FOR ABM ON PORT 1, CLEAR FOR DYNAM C ON PORT 1
(PORT 1 RETURNS TO DYNAM C PORT AFTER POVNER CYCLE)
20 START OF SLOT O DATA BASE
21 M5B CH 1 AIN RBE DEAD BAND LOCATI ON OFFSET FROM
SYSTEM 20)
22 MSB CHANNEL 1 Al N AOUT LOCATI ON OFFSET FROM SYSTEM 20)

(IF AFIN THEN 8TH BIT = RBE, 6TH BIT = URBE ENABLE. |F
AQUT THEN 5TH BI T = NEW DATA FLAG FOR |/ O UPDATE)
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23

24

25

26

27

28

29

MSB RBE ENABLE LOCATI ON OFFSET FROM SYSTEM 20). URBE
enabl e | ocati on, ENURBELOC = ENRBE+2

NON- VOLATI LE COUNTER FOR DYNAM C RECEI VED PARI TY
ERRORS. MJST BE CLEARED BY BASI C.

NON- VOLATI LE COUNTER FOR DYNAM C RECEI VED FRAME CHECK
ERRORS. COUNTS EI THER BCC OR CRC-16 ERRORS. MJST BE
CLEARED BY BASI C.

NON- VOLATI LE COUNTER FOR NUMBER OF | NCOVPLETE DYNAM C
MESSAGES RECEI VED. SYSTEM 10) = Tl ME ALLOAED BEFORE A
FRAME | S ABORTED. MUST BE CLEARED BY BASI C.

NON- VOLATI LE COUNTER FOR DYNAM C URBE MESSAGES WH CH

WHERE ABORTED DUE TO NO HOST RESPONSE. SYSTEM 15) =

TI ME BETWEEN RETRIES. SYSTEM 12) = NUMBER OF RETI RES
BEFORE ABORTI NG THE URBE MESSAGE. MJST BE CLEARED BY
BASI C.

SPECI FY THE DESTI NATI ON ADDRESS FOR URBE MESSAGE.
DEFAULT 1S 0.

EXTERNAL MEMORY MAP LOOK- UP TABLE | N CODE MEMORY. SLOT
0 DATA BASE LOCATI ONS BYTE OFFSETS FROM SYSTEM 20)
(OTHER SLOTS = SLOT 0 + 100H x SLOT_NUMBER). READ ALL
MEMORY ADDRESSES EXCEPT PULSE RATE CONFI GURATI ON USI NG
CBY( SYSTEM 29) +OFFSET). THE LOCATI ON OF THE PULSE RATE
CONFI GURATI ON' VALUES ( PPR, PI NP2, AND PRI M\) ARE READ
AT SLOT 0 + 100H x (SLOT_NUMVBER¥16).

OFFSET
H GH XCONF 0
ENRBE 1
PULDI R 2
CNTSTAT 3
PULSEDUR 4
ACNT 5
Pl NP 6
LONDATA 7
Hl GHDATA 8
URBE 9 UNSCLI Cl TED RBE ENABLE
TSRBE 10 TI ME STAVP RBE ENABLE
TSURBE 11 TI ME STAVMP UNSOLI Cl TED RBE
ENABLE
PPR 12 PULSE RATE RBE ENABLE
Pl NP2 13 PULSE RATE COUNT DEAD BAND
PRI MN 14 PULSE RATE | NPUT M NI MUM
ANSR 15 ANALOG AVERAG NG SAMPLE TI ME
ASUM 16 ANALOG ACCUMULATI ON VALUE
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30 RETURNS BEG NNI NG OF USER DEFI NED LOG CAL CHANNEL
CONFI GURATI ON TABLE LOCATED | N SRAM BANK 1 (WORD( 65536)
TO WORD( 65536*2)). THE CONFI GURATI ON TABLE MAY HAVE 0
TO 50 ENTRI ES BEG NNI NG AT SYSTEM 30). EACH ENTRY
CONTAI NS THE FOLLOW NG THREE | TEMS (5 BYTES/ ENTRY).

BEG NNI NG ADDRESS OF THE LOG CAL CHANNEL (WORD)
SI ZE OF THE LOG CAL CHANNEL | N BYTES (WORD)
LOG CAL CHANNEL NUMBER ( BYTE)

31 ENABLE/ DI SABLE DYNAM C HARDWARE HANDSHAKI NG.  VWHEN
ENABLED DYNAM C W LL ASSERT RTS AND WAIT UNTIL UP TO A
WATCH- DOG TI ME-OQUT (~1 SEC.) FOR CTS BEFORE
TRANSM TTI NG DATA. THERE | S NO RTS OFF DELAY AT THE
END OF THE TRANSM SSI ON. DEFAULT |'S ENABLED

32 EXTERNAL MEMORY MAP LOOK- UP TABLE | N CODE MEMORY FOR
THE FOLLOW NG | TEMS.  CBY( SYSTEM 32) +OFFSET) RETURNS
ABSOLUTE MEMORY ADDRESS. ADDRESS |'S FOR MSB OF DATA.
DATA |'S STORED | N MEMORY MBB: LSB W TH THE LSB AT THE
HI GHEST MEMORY ADDRESS.

OFFSET NUVBER OF BYTES
HOLDTXD 0 2
KEEPALI VE 2 2
HOSTSTAT 4 2
SOURCE_LAN_ADDR 6 4
DEST_WAN_ADDR 8 10
SOURCE_WAN_ADDR 10 10
TIME_TO LI VE 12 2
SECOND_OF DAY 14 3
PACKET_TI VE 16 4
UPDATE_SCD 18 1
TURN_AROUND DELAY 20 1
LCSTAT 22 2
HOLDTXD READ HOLD TRANSM T TI ME FOR URBE.

THS IS THE TIME IN 100 nsec UNI TS
THAT BASI C SHOULD WAI T BEFORE

SENDI NG AN URBE MESSAGE BACK TO THE
HOST.

KEEPALI VE KEEP ALIVE TIME FOR URBE. TH S IS
THE MAXIMUM TI ME IN 100 nsec UNITS
THAT BASI C CAN WAI T BEFORE SENDI NG
AN URBE MESSAGE.

HOSTSTAT HOST STATUS WORD.



SOURCE_LAN_ADDR

DEST_WAN_ADDR

SOURCE_WAN_ADDR

TIME_TO LI VE

SECOND_OF DAY

PACKET _TI ME

UPDATE_SCD

TURN_AROUND_DELAY

LCSTAT
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FOUR BYTE LAN ADDRESS OF THE NODE
FROM WH CH A FRAME | S BEI NG SENT.
DEFAULT = 32 28 77 88.

TEN BYTE WAN ADDRESS OF THE DEVI CE
TO VWH CH THE FRAME | S BElI NG SENT.
DEFAULT = ALL ZERCS.

TEN BYTE WAN ADDRESS OF THE DEVI CE
FROM VWH CH THE FRAME WAS SENT.
DEFAULT = ALL ZERCS.

TWO BYTE TI ME TO LI VE I N LAYER 3.
DEFAULT = O.

THREE BYTE TI ME SI NCE M DNI GHT OF
CURRENT DAY | N SECONDS.

FOUR BYTE TI ME SI NCE M DNI GHT OF
JANUARY 1, 1970 MAI NTAI NED BY
PACKET RADI O NETWORK. BASI C CAN
WRI TE ZEROS TO THESE LOCATI ONS I N
ORDER TO SEE WHEN THE RTU HAS
RECEI VED A NEW Tl ME- STAMP.

SECOND OF DAY CONTROL BYTE.
UPDATE_SOD = 1, RTU HAS WRI TTEN NEW

PACKET _TI ME
UPDATE_SOD = 4, FREEZE PACKET_TI ME
UPDATE_SOD = 8, RTU MAKES

SECOND _OF DAY = TI MVE$

TURN ARROUND DELAY VALUE (TADV) FOR
PACKET RESPONSE MESSAGES. DEFAULT

S 1, NO TURN ARROUND DELAY. DELAY
= (TADV-1) x 10 x TI CKS msec.

TELLS BASI C ABOUT LOG CAL CHANNELS

WRI TTEN TO BY THE HOST.

M5B = LAST CHANNEL NUMBER WRI TTEN

LSB, BIT 0 = WRI TE COMPLETED
(CLEARED BY BASI C)

LSB, BIT 1 = LAST WRI TE STATUS

OVER-WRI TTEN (BIT O WAS STILL SET)
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Exanpl e:

1000  S32=SYSTEM 32)

1010 Pl CK(DWAN, H) =CBY( S32+8) : PI CK( DWAN, L) =CBY( S32+9)
1020 FOR =0 TO 9

1030  BYTE( DWANHI ) =l

1040  NEXT |

1050 PRI NT2 "DESTI NATI ON WAN ADDRESS SET TO ",

1060 FOR 1=0 TO 9

1070 PRINT2 "0",1, SPC (1),
1080  NEXT |
>RUN

DESTI NATI ON WAN ADDRESS SET TO 00 01 02 03 04 05 06 07 08 09
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Thi s docunent descri bes the FACTS Engi neeri ng Modbus RTU
protocol ' support provided for the F3-RTU

The hardware requirenents are:
1) One F3-RTU.
2) The FACTS Engi neeri ng CPUMOD. ABM program M ni mal
BASI C programm ng changes are required to change
default operating paraneters.

3) Any valid conbination of PLC DirectO and FACTS di screte
and anal og nodul es may be used.

F3- RTU PROGRAMVABLE CPU RESOURCE REQUI REMENTS

The foll owi ng F3-RTU resources are used by the Mddbus sl ave
program Al additional resources are available to the user's
optional BASI C program

Serial Ports - 1 Program Menory - 6K Data Menory - 1.5K
I nstal |l ation:

1) Set configuration paraneters in the ASCII text file
CPUMOD. ABM

2) Install the F3-RTU in the CPU slot of the DL305 base.
Downl oad t he program CPUMOD. ABM usi ng ABM Commander. The
CPUMOD. ABM file is located in the ABVMBO\ CPU-RTU directory
t hat ABM Commander 6. xx creat es.

! Based on Goul d docunent PI-MUS-300 Rev B
45



46 APPENDI X E

F3- RTU JUMPER CONFI GURATI ON

The configuration junpers shown in Chapter 5 for DYNAM C Renot e
Address and Protocol Select only apply to the DYNAM C pr ot ocol
built into the F3-RTU firmmvare. The position of these junpers
w Il not effect the operation of the BASI C Modbus program

MODBUS CONFI GURATI ON

All configuration data is read fromthe first section of code in
t he CPUMOD. ABM program |In order to change these paraneters, use
an ASCI| text editor to nodify these lines. The affected |ines
are shown below with the defaults.

2 P1=0 : REM Modbus Port is Port 2

3 DEBUG=NOT(0) : REM Debug Mode is ON

4 RA=1 : REM Renote Station Address is 1

5 BAUD=9600 : REM Baud rate of Mdbus Port is 9600 baud
6 MDROP=0 : REM Mul tidrop is OFF

7 RTSCTS=0 : REM Har dwar e Handshaking i s OFF

8 WFL=10 : REM Wait for Last Character Time-Qut is 10ns
9 AAR=0 : REM Aut omati ¢ Address Recognition is OFF
10 CN=0 : REM Radi o Keying ON Delay is Ons

11 CF=0 : REM Radi o Keying OFF Delay is Ons

Modbus Port

The Mbdbus Port is selected by variable P1. |If assigned a val ue
of NOT(0) the Modbus Port is Port 1. If assigned a value of O the
Modbus Port is Port 2.

Debug Mode

Debug Mode can be enabl ed by assigning a value of NOT(0) to the
vari abl e DEBUG. The Debug node can be di sabl ed by assigning a
value of 0 to the variable DEBUG |f enabled and the Mbddbus Port
is Port 2 then all Mdbus conmunications will be echoed out Port
1. In this node all nessages received and all replies
transmtted are echoed out of Port 1 at 9600 baud (no parity, 8-
bit word, 1 stop bit). Data bytes are displayed in hexadeci nal.

Recei ved and transmtted nessages are preceded by "RXD =" and
"TXD =" respectively. This node is only recomended during
startup or troubl eshooting.
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Renpte Station Address

The Modbus Renpte Station Address from1l to 247 is read fromthe
vari abl e RA. If an invalid address is found the renpte address
will default to 1.

Communi cati on Rate

The Commruni cation Rate for the Modbus communi cation port is read
fromthe vari abl e BAUD. If an invalid code is found the baud
rate will default to 1200. The maxi mum baud rate for Port 2 is
9600.

RS422/ 485 Mul tidrop

RS422/ 485 Multidrop is enabl ed by assigning the value NOT(0) to
the variable MDROP. RS422/485 Miltidrop is disabled by
assigning the value 0 to the variable MDROP. |If enabled the
RS422/ 485 transmitters will only be enabl ed when a Mdbus
response is sent. Turn this feature ON for for hardwired nulti-
drop network configurations.

Har dwar e Handshaki ng

Har dwar e Handshaki ng i s enabl ed by assigning the value NOT(0) to
the variabl e RTSCTS. Hardware Handshaki ng is di sabl ed by
assigning the value 0 to the variable RTSCTS. |[If enabled then
RTS of the Mbdbus Port w il be asserted when the F3-RTU Modbus is
ready to transmt a nessage. The F3-RTU w Il not transmt a
message until CTS is asserted on the Mdbus Port.

| f disabled then RTS of the Mddbus Port will cone on for the tinme
specified by CN before sending a Modbus response. RIS will stay
on for the time specified by CF after sending a Mddbus response.

Wait for Last Character Ti me-Qut

The variable WFL is the Wait for Last Character Tine-Qut. This
is useful for adjusting out radi o noise when the carrier is
dropped. This variable is in increnents of 10 mlliseconds. |If
zero is inthis location the Wait for Last Character Ti nme-Qut
will default to 10 mlli seconds.
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Aut omat i ¢ Address Recognition

Aut omat i ¢ Address Recognition is enabled by assigning the val ue
NOT(0) to the variable AAR  Autonatic Address Recognition is

di sabl ed by assigning the value 0 to the vari abl e MDROP

Valid for Port 1 only. |If enabled it forces an 11-Bit data frane
with an 8-bit word and 1 stop bit. The 9th parity bit is used to
di stingui sh between address and data bytes. The hardware checks
this bit, if it is a 1 and the address byte natches the
subsequent data bytes are | oaded and processed.

Use this feature when all renpotes in the network are FACTS
engi neering nodul es and the host supports AAR. The FACTS Mdbus
Mast er Mbdul e F4- MAS- MB supports the AAR feature.

Radi o Keyi ng Del ays

The nodel F3-RTU Modbus program built-in radi o keying rel ay
on-delay and off-delay tines are read fromthe variables CN and
CF respectively.

RTS of the Modbus Port will come on for the tinme specified by CN
before sending a Modbus response. RIS will stay on for the tinme
specified by CF after sending a Mddbus response.
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ADDRESSI NG

The Mbdbus host reads and wites the F3- RTU Modbus Program using
t he Modbus addresses shown in the "F3-RTU Modbus Program Address
Map" on the next page.

For Mbdbus register data types (REG ) the val ues shown are the
range of valid starting and ending 16-bit register values as they
appear in the Mdbus protocol nessage.

For Mbdbus discrete coil data types (COL) the values shown are
the range of valid starting and ending di screte point values as
t hey appear in the Mddbus protocol nessage.

When using a host conputer package which has a built-in Mdbus
driver or server, you nmay need to offset the address range for
the particular Mdicon PLC configured for the server.

The tabl e bel ow shows the starting address of fset required when a
typical server is configured for either a 484 or 584/984 type
PLC.

Starting Address O fset for Mdicon PLCs

(] Data Type OStarting 484 OStarting 584 [OMdbus Message 0
O UAddr ess (0984 Address [JAddress O
[JRead/ Wite Coil [O 1 U 1 U 0

[JRead Only Coil [ 1001 U 10001 U 0 U
[JRead/ Wite Reg. [ 4001 0 40001 0 0 U
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MVEMORY MAP
F3- RTU Mbdbus Program Address Map:

F3- RTU Quantity | Modbus Modbus Functi on
Dat a Data Type | Addr. Code
Type Range

Discrete |184 Ca L 0- B8(Hex) |2

| nput s 0-183

Discrete |184 Ca L 0-B8(Hex) | 1,2,5,15
Qut puts 0-183

Anal og 128 REA STER | 0-80(Hex) | 3,4

| nput s 0-127

Anal og 128 REA STER | 0-80(Hex) |3, 4,6, 16
Qut puts 0-127

Each Address for the Coil Data type represents one discrete input
or discrete output.

Each Address for the Register Data Type represents one Anal og
| nput or Anal og Cut put.

The F3- RTU Mbdbus Program di stingui shs between i nputs and
outputs. If a Mddbus wite request attenpts to wite to an

i nput, the Modbus programw || return an exception code 02
(I'l'legal Data Address). You can |oad and run the ABM program
| OCFG to verify your 1/0O configuration.

Junper settings distinguish between Discrete and Anal og Sl ot s.

See Appendi x C for base configurations and addressing.
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Supported Mddbus Function Codes

51

and DATE

Code Meani ng Data Type

01 Read group of inputs |Discrete Inputs and
or outputs Qut puts

02 Read group of inputs |Discrete Inputs and
or outputs Qut puts

05 SET/ RST singl e Di screte Qutputs
out put

15 SET/ RST group of Di screte Qutputs
out put s

03 Read HEX value of 1 | Analog Inputs and
or nore Anal og Qut put s
| nputs or Qutputs

04 Read HEX value of 1 | Analog Inputs and
or nore Anal og Qut put s
| nputs or Qutputs

06 Wite HEX value to a | Anal og Qutputs
si ngl e Anal og Qut put

16 Wite HEX to a group | Anal og Qut puts
of Anal og Qutputs

22 Read from ABM nenory | Bank 1

23 Wite to ABM nenory | Bank 1

26 Read or Wite TIME
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ADDI TI ONAL FUNCTI ON CODES

FACTS Engi neering has defined additional function codes for
setting the ABM C ock Cal endar, Reading ABM Menory, and Witing
ABM Menory. These function codes were added to enable historica
data | ogging, tinme stanping and ot her user BASI C programabl e
features. |In order to use these function codes the host software
shoul d i npl enment them as descri bed bel ow.

When using these function codes the Mdbus program should be run
out of PRMD (BANKO Menory). Data wll be read and witten from
bank 1 nenory.

FUNCTI ON CODE 22 - Read from ABM nenory (Bank 1)

This function code can be used to read data that the user's BASIC
program has witten to Bank 1 nenory.

A data start address of O will access the first |location in Bank
1 menmory which is WORD(65536). The ending address is equal to
(Starting address + Nunber of registers - 1)*2.

The Mbdbus addresses for Bank 1 ABM nmenory are 0-65535. Each
address represents a BYTE of nmenory for a total of 64K bytes.

| f the nunber of registers is greater than 125 then the sl ave
Wil return an illegal data address exception code (02). |If the
Endi ng address is greater than 65535 DEC (FFFF HEX), then the
slave will send the illegal data address exception code (02).
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UADDROFUNCUH. O OL. O OH O OL. O OCRC U
U 1 CODELI ADDRUADDR# OFU# OFL U
U U U U U REGSL REGS U
U U U U U U U U
00010 16 0000 FF O 00O 02 OCRC U

The above exanple is used to read 2 words or 4 bytes starting

Wi th WORD(512+65536) through WORD(514+65536).

(JADDRL FUNCL BYTEL DATAL DATAL DATAL DATAUCRC [

U U UCNT UOREG UOREG UREG UOREG U
U U U UH O 0OL.OUOH O OL. OO
U U U U U U U U

U
U
U

0001 0016 0004 0 29 0 2E 0 4F 0O 52 UOCRC I

53

The chart above is an exanple of the Response String if there was

a value of 10542 in WORD(512) and 20306 in WORD(514).
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FUNCTI ON CODE 23 - Wite to ABM Menory (Bank 1)

This function code can be used to wite data to Bank 1 nenory
where a user's BASI C program can use it.

A data start address of O will access the first |ocation in Bank
1 menmory which is WORD(65536). The ending address is equal to
(Starting address + Nunber of registers - 1)*2.

The Modbus addresses for Bank 1 ABM nenory are 0-65535 which
corresponds to WORD(65536) to WORD(131072). Each address
represents a BYTE of nenory for a total of 64K bytes.

| f the nunber of registers is greater than 125 then the sl ave
will return an illegal data address exception code (02). |If the
Endi ng address is greater than 65535 DEC (FFFF HEX), then the
slave will send the illegal data address exception code (02).

(T
OA OF [HO OLOINUMBERBYTHO [MO HO MO OC O
0D OU DA OA O O 0O CNrab OD OD OD OR O
0OD ON OD OD O REGS O 0OA OA OA OAOCO
OJrROCODODO O O OT4dTOdTOTO O
(T
(0010180000 FFO00020040004 0570080 AEICRCH
(T T

Fig. 1 Command String

The above Command String will set WORD(512) to 1111 and WORD(514)
to 2222.

NOTE: Witing to ABM nenory may overwite a stored prograns
in the nodule. WMake sure all prograns are backed-up on
fl oppy or hard di sks.

(T

[ADDRIFUNCH. O. . O. I NUMBER UCRCU
U U [ADDRIADDRL] OF U U
U U U U 0 REGS. O U
U U U U U U U U

I
001 018 OO0 OFF OO0 002 OCRCO
I
The Response String above will echo the Address, Function Code,

Starting Address high and | ow order and the Nunber of registers.
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FUNCTI ON CODE 26 (Set date and tine)

(T T T T

OADDROFUNCORDY OMIH ODAY OYEARODAY OHOUROM N. OSEC. OOC O

U UCODELWVRT [ U U UoF 0O U U U R U
U U U U U U UWEEKD U U gc g

U U U U U U U U U U g 0

U U U U U U U U U U g 0
(T T T ([T
o100 1A0FF O2 OA O5D03 0OD 0O 19 0 1E [CRCH
(T T T T

The above Command String will set the date to Feb. 10,

1993 and the tinme to 3:25:30 p.m The time is set in 24 hour
time. (13=1 p.m 14=2 p.m etc..). |If the ROOWRT field is FF
then the tinme and date will be witten to the BASIC nodule. |If
it is 00 then the tinme and date will only be read and put into
t he Response String and the trailing data in the Command String
w Il be ignored.

The Iimtations on this command are defined by the TI ME$

and DATE$ statenments. |If you send a command to set the Month to
13, the response will be an exception code. |If the Command is
@ obal, address of 00, the nodule will set the tine and date but
wi Il not send a response.

(T T T T

OADDROFUNCORDY OMIH ODAY OYEARODAY OHOUROM N. OSEC. OOC O

U UCODELWVRT [ U U UoF 0O U U UR O
U U U U U U UWEEKD U U gc o
U U U U U U U U U U g 0
U U U U U U U U U U g 0
(T T T T

o1 0di1ADFF O 2 0OA 0O5D038 0OD 0O 19 U1E [CRCH
(T T T T

If you are witing the response string will return the sane
values as the Command String. |If you are reading then the val ues
will be that of the current date and tine.
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FAST RESPONSE FEATURE

The F3- RTU Modbus program CPUMOD. ABM includes a fast response
feature which in nost applications, reduces the tine required to
poll a network. The Fast Response node is automatic. No user
progranmm ng i s required.

Fast Response Feature, Description of Operation:

The nodul e automatically renenbers the | ocations read during the
| ast valid read block poll, function codes 3 or 4. \Wile other
RTUs are being polled, the nodul e continuously reads these

| ocations. |If another read block poll nessage is received by the
nodul e for the sanme |ocations, then the nodule i mediately sends
this information back to the SCADA master. |In the case where the
sane bl ock of nenory is always read fromthe F3-RTU, the nodule's
response will have a turn-around delay tinme of O.

F3- RTU MODBUS PROGRAM RESPONSE Tl ME

BASI C CoProcessor Mdbus response tinme can be estimated using the
foll ow ng formul a.

DB = Data Bytes = nunber of 1/O points to RRWdivided by 8
nunber of registers to RFRWtines 2

M. = Message length = 13 + DB

CT = Communication Time (in seconds) = 10/ baud rate x M

AT = Access Tinme (in seconds) = PLC scan tinme

KT = Keying Tinme (in seconds) = RTS on-delay + RTS off-del ay

CC = CoProcessor Conpil ation Tine

RT = Response Tinme = KT x 2 + AT + CT + CC

Exanpl es:

RS-422 network at 57600 baud, KT=0, 16 I/ORor W 4 register R
or W
For 15 nsec scan time, RT = 15 + 1.7 + 5 = 22 nsec

Radi o network at 1200 baud, KT=.015, 16 I/OR or W 4 register R
or W
For 15 nsec scan tine, RT = .03 + 15 + 83 + 5 = 103
nmsec
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RS- 232 STANDARD

RS-232-C (RS-232) is an interface standard fromthe El ectronic

| ndustries Association (EIA). The standard nanes and defines 20
communi cation signals, assigned to separate pins in a 25-pin
connector. The five unassigned pins nmay carry nonstandard
signals required by any individual system

Each signal is transmtted as a positive or negative electric
current between 3 and 15 volts (usually 12 volts). The signal
assigned to each pin flows in one direction only. Signals
output, for exanple, froma conputer nust input to a termnal,
and vi ce versa.

RS-232 signals travel over a serial interface cable that nmay have
up to 25 wires. Since nost signals are not required for sinple
conmuni cation, cables have as fewas 2 or 3 wires. As shown in
the foll ow ng cabling diagrans, junpers often are installed at
one or both of the connectors to ensure that flow control signals
are sati sfied.

The signals flow between two types of interface ports, data
comuni cati on equi pnent (DCE) and data term nal equi pment (DTE).
The pin nanes are the sanme for both DCE and DTE equi prent,
however, the direction of signal flowis reversed.

RS- 232 DTE and DCE Pin Nanmes and Signal Flow

Signal Direction
Pin Abrev. Nane DCE DTE Description
(T T T T
01 OFG [Frame G ound ONone [ONone 0O
02 OTXD Oransmit Data Ol nput OQut put ODTE out put data path
03 ORXD [Recei ve Data OQut put O1 nput ODCE out put data path
0 4 ORTS [Request to Sendll nput OQut put ODTE has data to XM T
(05 OCTS [@ear to Send [OQutputdlnput ODTE nay XM T dat a
(06 ODSR [Mata Set Ready [Qutputdlnput ODCE has data to XM T
07 O0SG [Sighal Gound [ONone [ONone [
(08 OODCD [DMata Carri er OQut put Ol nput OModem has carrier
O d ODet ect O O O
(0200DTR [Mata Term nal Ol nput OCQutput ODCE nay XM T dat a
O d [JReady O O O
0220RI [ ng Indicator OCutputOlnput O
(T (T
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| BM COVPUTER CABLES

| BM AT
PI' N
([T

UTXD 02 [ [T 2
URXD 03 [T 0 3

URTS 0O7
UCTS 08
UOGND 05
UDCD O1
UDTR 04
UODSR 006
([T

9-PIN MALE

DCE CONNECTOR

EED%EE
-
Q
O
O

F3- RTU
PI' N
([T
UTXD U
URXD U

O
.

Ood
Ood

U
([T
9-PIN MALE
DTE CONNECTOR

| BM PC, PC XT F3- RTU
PI' N PI' N

([ (M ([T
0 R 0220 g o U
UTXD 02 [MImmEa3 ORXD O
URXD 03 XINMMMMM2 OTXD O
URTS 04 [ g o U
UCTS 05 [ g 0 U
UGN\ND 07 [T 7 COGND O
UDSR U6 [ g o U
UDCD 08 [ g o U
UDTR 02000 ([T
([T

25- PI N FEMALE 9-PIN MALE

DTE CONNECTOR

DTE CONNECTOR
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| DENTI FYI NG A COMVUNI CATI ON PORT AS DCE OR DTE

Wth an unknown RS-232 port powered, neasure the dc vol tage

bet ween pin-2 and ground (pin-7) and pin-3 and ground. [|f the
nost negative pinis pin-2 then the port is DITE. |If the nost
negative pinis pin-3 then the port is DCE. |nproper connection
of pins 2 and 3 will not damage the interface.

RS- 232 DCE CONNECTI ON W TH SOFTWARE OR NO HANDSHAKE

F3- RTU MODULE, DTE DCE DEVI CE
PI' N PI' N
([T U (LTI

UTXD 02 [mmmEi 2 OTXD O
URXD 03 MMM 3 ORXD O

U g o M 4 ORTS O

U g o [m 5 OCrsS o

UGN\ND 07 [ 7 OGND O

([T M 6 UDSR O

9-PIN FEMALE [M20 UDTR O

CONNECTOR ([T
TYPI CAL 25-PIN
CONNECTOR

RS- 232 DTE CONNECTI ON W TH SOFTWARE OR NO HANDSHAKE

F3- RTU MODULE, DTE DTE DEVI CE
PI' N PI' N
([T (LTI
UTXD 02 [mmmEi 3 ORXD O
URXD 03 [IHmmm 2 OTXD O

U g o M 5 ORTS O

U g o [m 4 OCTS U

UGN\ND 07 [ 7 OGND O

([T M 6 UDSR O

9-PIN FEMALE [ 8 0UDCD U

CONNECTOR [M20 UDTR O
([T

TYPI CAL 25-PIN
CONNECTOR
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RS-232 W TH HARDWARE HANDSHAKE

F3- RTU MODULE, DTE MODEM OR OTHER DCE DEVI CE
REQUI Rl NG HARDWARE HANDSHAKI NG
PI' N PI' N
([T ([T

UTXD 02 [mmmEi 2 OTXD O
URXD 03 MMM 3 ORXD O
URTS 04 [IImmEi 4 ORTS O
UOCTS 05 RO 5 OCTS O

UGN\D 07 [ 7 OGND U
([T M 6 UDSR O
9-PIN FEMALE [M20 UDTR O
CONNECTOR ([T
TYPI CAL 25-PIN
CONNECTOR
F3- RTU MODULE, DTE DTE DEVI CE REQUI RI NG
HARDWARE HANDSHAKI NG
PI' N PI' N
([T (LTI
UTXD 02 [mmmEi 3 ORXD O
URXD 03 [mmmI 2 O TXD O

URTS 04 [l 6 UODSR O
UCTS 05 IIMmmm20 ODTR O
UGN\ND 07 [ 7 OGND O

([T [m 8 0ODCD U
9-PIN FEMALE [ 5 OCrs
CONNECTOR [ 4 ORTS O

([T

TYPI CAL 25-PIN
CONNECTOR
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PARALLEL PRI NTER CABLI NG

Parallel Printer Serial/Parall el Converter
(T 1
O Centronics [MMMICentronics ODTR O200MO0
0 parallel U 0 parall el URXD 03 [0
O interfac e Mi nt erf ace OGN\ND O7 o
(T [
36-PIN mO
Centronics Interface

(M
ma
F3- RTU Modul e [
([T mwad
UGND 007 [
UTXD 02 [ - [mio
UCrS 05 moooon
([T
9-PIN MALE
DTE CONNECTOR
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RS- 422/ 485 STANDARD

The RS-485 transceivers on F3-RTUs are conpatible with both RS-
422 and RS-485 signal s.

RS- 422 uses high current differential outputs and is specified to
4000 feet at 10 Megabaud. Lower speed conmuni cations, such as
19. 2K baud, nmay use substantially |onger cables.

RS- 485 is an upgraded version of ElIA RS-422-A and offers higher
current tri-state drivers which are internally protected from bus
contentions caused by nultiple drivers on the sane line. RS-485
drivers will also withstand hi gher voltages on their outputs when
di sabl ed (high i npedance state). RS-485 is specified for
multiple transmtter and nultiple receiver systens as well as
single and nmulti-drop RS-422 applications. The RS-422
specification permts only one driver and 10 receivers on a line.
The RS-485 standard allows up to 32 drivers and receivers on the
sanme transm ssion |ine.

RS- 422/ 485 COVMUNI CATI ON

Most CoProcessors have one RS-422/485 comruni cation interface
sone have two. To select a port for RS232 or RS422/ 485 data
reception node, please refer to "JUVMPER DESCRI PTI ONS AND

LOCATI ONS" in the chapter for the CoProcessor nodule that you are
using. Transm ssions froma sel ectable port are always avail abl e
at RS-232 and RS-422/485 signal |evels sinultaneously.

RS- 422/ 485 PO NT-TO- PO NT CABLI NG

RS- 422 or RS-485 DTE F3- RTU
Term nal or BASI C Modul e PIN Port 1
(T (T
0 RXD (+) RINMMD9 OTXD+ O
00 RXD ( -) [<MIIMIN8 COTXD - 0O
0 TXD ( -) [MImT*06 CORXD - 0O
O TXD (+) [ 01 ORXD+ O
0O GN\D MMM 7 OGND 0O

:

(LTI
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RS- 422/ 485 MJLTI - DROP MADE EASY

Four wire RS-422 multiple transmtter nulti-drop networks and al
2 Wwre RS-485 connections require that the transmtters fl oat
when not in use.

To enabl e the RS-422/485 transmitters only when PRI NTi ng, use
SETPORT to select multi-drop node "M'. Use the nulti-drop option
when the F3-RTU is a slave in a master/slave configuration or
when a peer to peer configuration is required.

To | eave the RS-422/485 transmtters ON even when not PRI NTi ng,
use SETPORT to select point to point node "P'. Use the point to
poi nt option when the F3-RTU is a single master in a master/

sl ave or point to point configuration. This configuration

provi des the greatest noise inmunity because the RS-422/485
drivers renmai n enabl ed and prevent noise from being received by
the the slave devices on the network.

Exanpl e Configure Port 1 for 9600 baud, no parity, 8 bit word,
1 stop bit, software XOV XOFF handshaki ng, and nulti -
drop RS-422/ 485 node.

SETPORT 1, 9600, N, 8, 1, S, M
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RS-485 TWO W RE MULTI - DROP

F3- RTU
RS- 422/ 485 Port

([T
URTS 04 O
OTXD+ 09 [ [ 120

([

UTXD- 08 [ [T U
ORXD- 06 I 0O 0O [mm -4
ORXD+ 01 kIOMmN [M0120
UGND [7 [ [ [Im [Omm O
([T OOQd [ [
gog U
gog
gog
gog
F3- RTU gog
Port 1 PIN gog
([T gog
OTXD+ 09 [
OTXD- 08 [mn O
ORXD- 06 I O
ORXD+ 01 [
OGND 07 I [ OO0
([T gog
gog
gog
F3- RTU gog
Port 1 PIN gog
([T gog
OTXD+ 09 [
OTXD- 08 [y O
ORXD- 06 I O
ORXD+ 01 [
OGND 07 0mn dg
([T gog
gog
gog
F3- RTU gog
Port 1 PIN gog
([T gog ([
OTXD+ 09 [ [M120
OTXD- 08 [ O [0 I U
ORXD - 06 [< [T [T [T U
ORXD+ 01 [T 120
OGND 7 (I [T (T U
([0 ([T (I

U [m

U [0

N Only use one earth ground
for Network signal ¢ omon.

g
U [

U [
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RS- 422/ 485 FOUR W RE MULTI - DROP

F3- RTU
RS- 422/ 485 Port ([T
[ 62 U [
([T O (T O
ORTS 04 O O (T d
OTXD- 08 [mi Ommez2 U [
OTXD+ 09 [ OO0 [ O
ORXD- 06 RMOMmm O O
ORXD+ 01 [T O
OGND [O7 [ 1M
([T ooood o
Oooood N Only use one earth ground
gooon for Network signal
googn conmmon.
ooood
F3- RTU ooood
Port 1 PIN ooood
([T ooood
ORXD- 06 [mm OO0
ORXD+ 01 Mmmpo OO0
OTXD- 08 EMImm O
OTXD+ 09 [
OGND 07 Im COdo
(I ooood
ooood
ooood
F3- RTU ooood
Port 1 PIN ooood
([T ooood
ORXD- 06 [mm OO0
ORXD+ 01 Mmmpo OO0
O TXD- 08 RMmm O
OTXD+ 09 [
OGND 07 Im COdo
([T ooood
ooood
ooood
F3- RTU ooood
Port 1 PIN ooood
(I ooood (T .
ORXD- [06 I 62 U [
ORXD+ 01 I O
OTXD- 08 RONMMmDO O (T O .
OTXD+ 09 = ([T 62 U [
OGND [O7 [ O
([T (T
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Cabl e Shi el di ng

Shi el ding i nproves noise immunity (magnetic field protection).

It is inportant to ground the shield at the receiver end only.
Grounding the receiver end only provides the | east high frequency
signal attenuation and the best rejection of unwanted signals.

G oundi ng both ends of the shield will cause magnetic field

i nduced noi sed currents to flow through ground. Noise may then
appear on the data lines due to transformer |like coupling with
the shield. |If the cable shield is used as the system ground
conductor then placing a 100 U resistor in series with the shield
and the ground connection will reduce noise producing ground
currents.

Connecting Cables and Line Term nation

A dual twi sted pair plus ground connection is recommended for 4-
wire RS-422 networks. Proper term nation of the bal anced

transm ssion line is required to prevent data errors. A typical
AWG 22 solid wire with .060 inch plastic cover, twisted 4.5 tines
per foot has a characteristic inpedance of about 120 U. Thus the
selection of the two 62 U line-to-ground termnating resistors.
Line-to-ground termnation is preferred to the often shown I|ine-

to-line 120 U ternmination. In noisy or long line applications
the much better line-to-ground common-node rejection capability
is particularly inportant. In nmultidrop networks, the |ine nust

be termnated at the extrenme ends only as shown in the two

previ ous diagrans. Addition of internediate term nations wll
adversely load the line. [If both the transmt and receive ends
of the sane twisted pair are term nated, double the value of the
termnation resistors.

Fl oati ng Data Li nes Noi se Prevention

The RS-422/485 drivers at the host should remain enabled to
prevent noise from being received by the the slave devices on the
network. To prevent noise reception at the host when there is no
slave transmtting, add a pair of network biasing resistors to
the host as shown in the two previous diagrams. This will pull-
up the floating transmt line fromthe slaves to the RS-422/485
idle state (RXD+ to RXD- > .45 V). The equivalent of this can be
done in a CoProcessor using the "P" paraneter in the SETPORT

st at enment .
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