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1. CHAPTER1 INTRODUCTION

This chapter describes the scope of this handbook and how to use it.

1.1. OVERVIEW

This handbook is written for the people who need to use a digital communications link and
MODBUS, JBUS, or EI-BISYNCH communication protocols to supervise Series 2000
instruments, including the 2200 and 2400 instrument models.

It has been assumed that the reader has some experience of communication protocols and is
familiar with Series 2000 instruments. The relevant instrument handbook gives a full
description of how to use the instruments, configuration options and definition of parameters.

Chapter 2 of this document is a guide to cabling and the basic physical environment of digital
communications.

Chapter 3 is a general description of the MODBUS and JBUS protocols.

Chapter 4 is a general description of the EI-BISYNCH protocol.

Chapter 5 lists Series 2000 parameter addresses and mnemonics.

Chapter 6 covers advanced topics such as access to full resolution floating point data and user
interface permissions.

Appendix A is a Glossary of Terms.

Appendix B lists ASCII codes.

No responsibility is accepted for any loss or damage caused by application of the information
contained in this document.

JBUSO is a registered trademark of APRIL.
MODBUS O is a registered trademark of Gould Inc.

1.2. JBUS V MODBUS

. MODBUS is a serial communications protocol defined by Gould Inc.
April developed JBUS as a special case of MODBUS.
. The two protocols use the same message frame format.
. The function codes used by Series 2000 instruments are a subset of JBUS and
MODBUS function codes.
. NB. Series 2000 JBUS addresses are exactly the same as MODBUS addresses.
This differs from previous implementations of the protocol in earlier instruments.
o In this document reference will be made to MODBUS, however all information

applies equally to JBUS.
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1.3. REFERENCES

Refer to the documents below for further information;

Gould

April

EIA Standard RS-
232-C

EIA Standard RS-
422

EIA Standard RS-
485

MODBUS Protocol Reference Guide, PI-MBUS-300
JBUS Specification

Interface Between Terminal Equipment and Data Communication
Equipment Employing Serial Binary Interchange

Electrical Characteristics of Balanced Voltage Digital Interface
Circuits

Electrical Characteristics of Generators and Receivers for use in
Balanced Digital Multipoint Systems
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2. CHAPTER 2 DIGITAL COMMUNICATIONS
HARDWARE

This chapter defines the differences between the RS232, RS422 and RS485 digital
communications standards. Details of configuration, cabling and termination will help to
establish basic communications.

2.1. RS232, RS422 AND RS485 TRANSMISSION STANDARDS

The Electrical Industries Association, (EIA) introduced the Recommended Standards, RS232,
RS422 and RS485. These standards define the electrical performance of a communications
network. The table below is a summary of the different physical link offered by the three
standards.

EIA Standard RS232C RS422 RS485
Transmission mode Single ended Differential Differential
Electrical connections 3 wire 5 wire 3 wire
No. of drivers and receivers 1 driver, 1 driver, 32 drivers,
per line . . .

1 receiver 10 receivers 32 receivers
Maximum data rate 20k bits/s 10M bits/s 10M bits/s
Maximum cable length 50ft, (15M) 4000ft, (1200M) 4000ft, (1200M)

Note: RS232C has been abbreviated to RS232. The RS232 standard aliogle a
instrument to be connected to a PC, a Programmable Logic Controller, or similar devices
using a cable length of less thBBIM.

The RS485 standard allowse or moreinstruments to be connected (multi-dropped) using

a two wire connection, with cable length of less tha@0M. 31 Instruments and one

‘master’ may be connected in this way. The balanced differential signal transmission is less
prone to interference and should be used in preference to RS232 in noisy environments.
RS422/RS485 is recommended for plant installation. Although RS485 is commonly referred
to as a ‘two wire’ connection, a ground return/shield connection is provided as a ‘common’
connection for Series 2000 Instruments, and in general this should be used in installations to
provide additional protection against noise.
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Strictly speaking, RS422 is a standard permitting ‘point to point’ connection of two pieces of
equipment using a full duplex, differential signal on two pairs of wires. In principle,
therefore, an RS422 link only allows a single instrument to be connected to a PC. However,
Series 2000 instruments provide an enhanced version of RS422 that also meets the full
electrical requirements of RS485 described above. This allows up to 31 instruments to be
connected on the same network, but only withveire electrical connection. The

transmission and reception of data use two pairs of twisted cable, with a separate cable
provided for common. The optional screen will provide additional noise immunity.

The 2 wire RS485 should be used where possible for new installations where multi-drop
capability is required. RS422 is provided for compatibility with existing instruments.
Some earlier instruments use a terminal marking that is different from that used in the
RS422/RS485 standards. The table below compares this marking.

RS422/RS485 Instrument
A RX+

B’ RX-

A TX+

B TX-

ca&cC Common

Using RS232 or RS422/485, the Series 2000 instruments operate in a half duplex mode that
does not allow the simultaneous transmission and reception of data. Data is passed by an
alternating exchange.

Most PC's provide an RS232 port for digital communications. The KD485 Comms Interface
unit is recommended for interfacing to RS422/485. This unit is also used to buffer an
RS422/485 network when it is required to communicate with more than 32 instruments on
the same bus, and may also be used to bridge 2 wire RS485 to 4 wire RS422 network
segments.. Wiring information for this unit is given at the end of this chapter., or refer to
KD485 Installation and Operation Manual, available on request from your supplier, for a full
description.

2.2. SELECTING RS232 OR RS422/485

Changing between RS232, RS422, and RS485 is possible for 2400 Series instruments by
replacing the plug-in ‘H’ Module with a communications module of the required type.

2200 Series communications hardware is a fixed build and must be specified when the
instrument is being ordered.
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2.3. CABLE SELECTION

The cable selected for the digital communications network should have the following
electrical characteristics:

* Less than 100 ohm / km nominal dc resistance. Typically 24 AWG or thicker.

* Nominal characteristic impedance at 100 kHz of 100 ohms.

* Less than 60 pF / m mutual pair capacitance, (the capacitance between two wires in a
pair).

* Less than 120 pF / m stray capacitance, (the capacitance between one wire and all others
connected to ground).

* For RS422/485 applications, use twisted pair cables.

The selection of a cable is a trade off between cost and quality factors such as attenuation and
the effectiveness of screening. For applications in an environment where high levels of
electrical noise are likely, use a cable with a copper braid shield, (connect the shield to a

noise free ground). For applications communicating over longer distances, choose a cable
that also has low attenuation characteristics.

In low noise applications and over short distances it may be possible to use the grounded
screen as the common connection. Connect the common to the grounded screen via a 100
ohm, 1/4W carbon composition resistor at the PC and all instruments.

For RS422/485 it is possible to operate the system with unscreened twisted data pairs, ground
is used as the common connection. Connect the common to ground via a 100 ohm, 1/4W
carbon composition resistor at the PC and all instruments. This system is not recommended.

The following list is a selection of cables suitable for RS 422/485 communication systems,
listed in order of decreasing quality.

Cables marked "' are suitable for use with the wiring descriptions that follow.

Cables marked **' use a different colour coding from that used in the wiring descriptions.

Belden | Description
No

9842 2 twisted pairs with aluminium foil screen plus a 90% coverage copper screen **

9843 3 twisted pairs with aluminium foil screen plus a 90% coverage copper screen **

9829 2 twisted pairs with aluminium foil screen plus a 90% coverage copper screen

9830 3 twisted pairs with aluminium foil screen plus a 90% coverage copper screen *

8102 2 twisted pairs with aluminium foil screen plus a 65% coverage copper screen

8103 3 twisted pairs with aluminium foil screen plus a 65% coverage copper screen *

9729 2 twisted pairs with aluminium foil screen

9730 3 twisted pairs with aluminium foil screen *
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The following are a selection of cables suitable for RS 232 communication systems listed in
order of decreasing quality;

Part number

Alpha Belden  Description

8102 2 twisted pairs with aluminium foil screen plus a 65% coverage
copper screen **
5472 9502 2 twisted pairs with aluminium foil screen *
2403 8771 3 separate wires with aluminium foil screen **

2.4. GROUNDING
Ensure all ground points are noise free.

To reduce interference from external electrical signals, ground the cable screen at a single
ground point. There must not be multiple ground paths in a single cable run. When using a
KD485 Communications Adapter unit, do not connect the screen from one side of the
interface to the other. Rather, ground each of the cables separately at a local ground point.

The digital communication outputs of all Series 2000 instruments are isolated. To avoid
common mode noise problems, connect the common line to ground at one point through a
100 ohm, 1/4W, carbon composition resistor. The resistor will limit the ground current.

2.5.  WIRING GENERAL

Route communications cables in separate trunking to power cablef®ower cables are
those connecting power to instruments, relay or triac ac supplies and wiring associated with
external switching devices such as contactors, relays or motor speed drives.

Communication cables may be routed with control signal cables if these signal cables are no
exposed to an interference source. Control signals are the analogue or logic inputs and
analogue or logic outputs of any control instrument.

Do not use redundant wires in the communications cable for other signals.

Ensure cable runs have sufficient slack to ensure that movement does not cause abrasion of
the insulating sheath. Do not over tighten cable clamps to avoid accidental multiple
grounding of the screen conductors.

Ensure that the cable is ‘daisy chained’ between instruments, i.e. the cable runs from one
instrument to the next to the final instrument in the chain.

Series 2000 Communications Handbook Part No HA026230 Issue 2.0 Feb-00 2-5



Digital Communications Hardware Series 2000 Communications Handbook

2.6. PRECAUTIONS

2000 series discrete instruments have fully isolated communications circuitry. In most PCs
the comms ports are also fully isolated. In conditions where excessive static build up may be
experienced there is a danger that damage could occur to PC or controllers. In these
circumstances it may be an advantage to add a high value resisforfgt ixample)

between the common connection and ground. Under normal circumstances this resistor is not
necessary.
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2.7. WIRING RS232
To use RS232 the PC will be equipped with an RS232 port, usually referred to as COM 1.

To construct a cable for RS232 operation use a three core screened cable.

The terminals used for RS232 digital communications are listed in the table below. Some
PC's use a 25 way connector although the 9 way is more common.

Standard Cable | PC socket pin no. | PC Function * Instrument Instrument
Terminal
Colour 9way |25way Function
White 2 3 Receive (RX) HF Transmit (TX)
Black 3 2 Transmit (TX) HE Receive (RX)
Red 5 7 Common HD Common
Link together 1 6 Rec'd line sig.
detect Data terminal

4 8 ready

6 11 Data set ready
Link together 7 4 Request to send

8 5 Clear to send
Screen 1 Ground

* These are the functions normally assigned to socket pins. Please check your PC manua
to confirm.

Rx —) A Tx HF
T [ [ Rx HE
Com \\ /I \\ /} Com HD
"
Computer = Local ground 2000 Series
Controller

Figure 2-1 RS232 Connections
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2.8. WIRING RS422 OR 4-WIRE RS485

To use RS422, buffer the RS232 port of the PC with a suitable RS232/RS422 converter.
The KD485 or 261 Communications Converter unit is recommended for this purpose.
Figure 2.6 shows connections for this unit. Instruments on a RS422 communication
network should be chain connected and not star connected.

To construct a cable for RS422 operation use a screened cable with two twisted pairs plus a
separate core for common. Although common or screen connections are not necessary, their
use will significantly improve noise immunity.

The terminals used for RS422 digital communications are listed in the table below.

Standard Cable | PC socket pin no. | PC Function * | Instrument Terminal [ Instrument

Colour 25 way 902-4 2400 Function

White 3 Receive (RX+) |[F1 HE Transmit
(TX+)

Black 16 Receive (RX-) [F2 HF Transmit
(TX-)

Red 12 Transmit (TX+) |F3 HB Receive
(RX+)

Black 13 Transmit (TX-) |F4 HC Receive (RX-
)

Green 7 Common F5 HD Common

Screen 1 Ground

» These are the functions normally assigned to socket pins. Please check your PC manual
to confirm.
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PC

ComTX Rx|

NOTES

>4

RS232

Co Rx Tx

Type 261
converter

Tx- Com Rx+
Tx+ Rx-

220 ohm
termination
resistor

on the Rx of the
converter unit

Represents twisted
pairs

RS422

This diagram shows a typical installation which may
be in use with existing controllers, such as 800 series
or 900 series.

It is possible to substitute an existing controller, or to
add to the current installation, with a 2400 series
controller provided it has been supplied as 4-wire
EIA485.

To add any other 2000 series please refer to Figure 2-
4

It is preferable to ground cable screen at both ends
BUT it is essential to ensure that both are at
equipotential. If this cannot be guaranteed ground at
one end, as shown.

The value of terminating resistors is not critical,
100 - 300 ohms is typical.

Rx+ Tx-
Rx- Com Tx+

Controller 1

220 ohm
termination
resistor
on the Rx
terminals on
last
controller in
the chain
_—

Additional
Controllers

Rx+ Tx-
Rx- Com Tx+

Controller 2

Figure 2-2 Controllers (1-31) Connected to a PC using RS422 Standard

Series 2000 Communications Handbook
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2.9.  WIRING 2-WIREA485

To use RS485, buffer the RS232 port of the PC with a suitable RS232/RS485 converter. The
KD485 Communications Adapter unit is recommended for this purpose. The use of a RS485
board built into the computer is not recommended since this board is unlikely to be isolated,
which may cause noise problems, and the Rx terminals are unlikely to be biased correctly for
this application.

To construct a cable for RS485 operation use a screened cable with one (RS485) twisted pair
plus a separate core for common. Although common or screen connections are not necessary,
their use will significantly improve noise immunity.

The terminals used for RS485 digital communications are listed in the table below.

Standard PC socket pin ||PC Function * Instrument Terminal [ Instrument
Cable Colour | no. 25 way Function
White 3 Receive (RX+) HF (B) or (B+) Transmit (TX)
Black 16 Receive (RX-)

Red 12 Transmit (TX+) HE (A) or (A+) Receive (RX)
Black 13 Transmit (TX-)

Green 7 Common HD Common
Screen 1 Ground

* These are the functions normally assigned to socket pins. Please check your PC manual to
confirm .
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PC
[ 1
RS232
Co Rx Tx
Type
KD485
converter
TxB Com RXA
TxXA RxB
«-q 220 ohm
termination
resistor
on the Rx of the
converter unit

<«— Twisted pairs

RS485
| ] -
\ [ 1] \ TV T
v \/ \/ \/ \/ 220 ohm
Com HE HE Com HF HE| terr_mnatlon
resistor
Controller 1 Controller 2 f:)cr)]nttr:glll:rs tin the
eg Type 2400 eg Type 2200 chain
—
Additional
Controllers

Figure 2-3 2000 Series Controllers (1 to 31) Connected to a PC using 2-wire RS485
Standard
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2.10. WIRING RS422 AND RS485 CONTROLLERS

It is generally not possible to mix controllers using a 2-wire and 4-wire standards. However,
in some cases it may be required to add new controllers (such as 2000 series on 2-wire
comms) to an existing installation with controllers on 4-wire comms.

In these cases the existing communications link may be modified by adding a special version
of the KD485 converter unit, supplied as KD485-ADE 422-422. Figure 2-4 shows a large
system of controllers using a mixture of both standards.

The standard KD485 unit converts from 232 to 4-wire 485 and this link is used to
communicate to the first 32 existing controllers. The second KD485 is the special version
which converts from 4-wire to 4-wire communications to communicate with a further bank of
32 controllers on 4-wire communications. The third KD485 is the same special version which
is connected to convert from 4-wire to 2-wire communications. It's input side behaves to the
4-wire link as another controller would on an existing system, whilst at the same time the
communications messages from the computer are passed onto the output side of this unit.
This is connected to the 2-wire communications link, that will contain the series 2000
controllers. Any responses from controllers on this link will cause data to be placed on to the
4-wire link and thence will be passed back to the computer.
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PC

The comms connections required for large systems are a
mixture of 2-wire and 4-wire comms. Controllers 1 to 31
are 4-wire, Controllers 32 to 64 are 4-wire, controllers 65
to 97 are 2-wire.

Notes:
RS232 1. Itis possible to connect 4-wire to 2-wire. Itis not
Com RX Tx possible to connect 2-wire to 4-wire.
2. Ifitis necessary to configure the KD485 422-422,
Type 261 or please note that an additional 232 to 422 converter is
KD485 necessary for this.
TxB Com RxA
TxA RxB 220 ohm
termination 220 ohm
resistor termination
= Twisted pairs resistor on
the last unit
RS422 in the chain
XX | [ XX ‘ ; XX
Ay | [T | 1
Rx+ Tx- Rx+  Tx- RxB RXA Com TxB TXA RxB RxA Com TxB TxA
Rx- Com Tx+ Rx- Com Tx+
KD485-ADE 422-422 KD485-ADE 422-422
Controller 1 Controllers 2 TxA TxB RxA RxB TxB TxA RxB RxA
to 31 < IH—
T
L 220 ohm ||
- termination Ef—-ﬁ
resistors = éj
—
Rx-
Rx+
Controller 32 Rx
Com L Controller 65 HE
Tx- ]
Txt wlles L)I(:
220 ohm J
Controllers termination b4
33 to 64 ¢ resistor Controllers
egType @@ | on the last 66 to 97
902 < controller in the
chain

Figure 2-4 Comms Connections Required for Large Systems

Series 2000 Communications Handbook
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2.11. LARGE RS422/485 NETWORKS

Networks with more than 32 instruments will require buffering of the communication lines.
The KD485-ADE 422-422, Universal Serial Interface unit is recommended for this purpose.

The KD485 in this format sets the Transmit line's to non tristate.

NOTE Large networks using RS422 4-wire controllers could use type 261 Universal Serial
Interface Unit. To set the transmit lines to non tristate in 261, change links 4 and 5 from
position B to A.

Contact your supplier for further information when specifying large networks .

Instruments on a RS422/485 communication network should be chain connected and not star
connected.

The diagram below illustrates the wiring of a network for communicating with a large
number of 2000 Series controllers.
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PC
-
Com Tx Rx
Com Rx Tx
Type KD485
converter
[TxB RxB
TXA RXxA 220 ohm
'g 220 ohm 220 ohm terminating
terminating terminatin resistor on
resistor the last
controller

LT

)

’— g resisto#l
RxA A—
v
1 RXA (

4 Twisted pairs RxB RxB L-'] s
TxA =
[7 ‘] XA 15 H 1
TxB
— F—ﬂ HE HF HE HF
T Controller| Controller
KD485- 1 31
ADE
422-422 220 ohm
terminatin
g resistor
on the last
l: J controller
B RXA A A\
B 0 1
J—
[‘;] RxB | | ;
TXA -
L3 1xA H
4 TxB [
LR HE HF HE HF
]Be;?]eat for Controller] " Controller
urther 32 62
controllers in t220 (_)hrtr_m
the chain erminatin
g resistors
Figure 2-5 Large RS422/485 Networks
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2.12. RS232 CONNECTIONS OF THE 261

Standard Cable | PC socket pin no. PC Function * | 261

Colour 9 way 25 way Terminal Function

White 2 3 Receive (RX) |2 Transmit
(TX)

Black 3 2 Transmit (TX) |3 Receive
(RX)

Red 5 7 Common 7 Common

Screen 1 Ground

* These are the functions normally assigned to socket pins. Please check your PC manual to
confirm.

2.13. RS422/485 CONNECTIONS OF THE 261

Standard Cable | PC socket pin no. | PC Function * |261

Colour 25 way Terminal Function

White 3 Receive (RX+) |12 Transmit (TX+)
Black 16 Receive (RX-) |13 Transmit (TX-)
Red 12 Transmit (TX+) |3 Receive (RX+)
Black 13 Transmit (TX-) [16 Receive (RX-)
Green 7 Common 7 Common
Screen 1 Ground

* These are the functions normally assigned to socket pins. Please check your PC manual to
confirm.
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2.14. CONNECTIONS FOR THE KD485-ADE

H RXA
Rx | E | L RxB
Port 1 Port 2
Tx F HOST SIDE ISOLATED SIDE
E:l (RS232) (RS422)
G TxA
K B
_l | M Com
Com A
[}
Power
oV Supply +12V

Figure 2-6 Terminal Connections for the KD485

Further details are available in KD485 Installation and Operation Handbook
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3. CHAPTER 3 MODBUS AND JBUS PROTOCOL

This chapter introduces the principles of the MODBUS and JBUS communication protocols.
Note that in the Series 2000, these two protocols are identical, and both will be referred to as
MODBUS for the descriptions that follow.

3.1. PROTOCOL BASICS

A data communication protocol defines the rules and structure of messages used by all
devices on a network for data exchange. This protocol also defines the orderly exchange of
messages, and the detection of errors.

MODBUS defines a digital communication network to have only one MASTER and one or

more SLAVE devices. Either a single or multi-drop network is possible. The two types of
communications networks are illustrated in the diagram below;

Single Serial Link Multi Drop Serial Link

JBUS Master JBUS Master

RS232

RS485

JBUS Slave 1 JBUS Slave 1 JBUS Slave N

A typical transaction will consist of a request sent from the master followed by a response
from the slave.

The message in either direction will consist of the following information;

Device Address  Function Code Data Error Check Data End of Transmission

. Each slave has a unique 'device address’

. The device address 0 is a special case and is used for messages broadcast to all
slaves. This is restricted to parameter write operations.

. Series 2000 supports a subset of Modbus function codes.

. The data will include instrument parameters referenced by a '‘parameter address'
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. Sending a communication with a unique device address will cause only the device
with that address to respond. That device will check for errors, perform the requested task
and then reply with its own address, data and a check sum.

. Sending a communication with the device address '0' is a broadcast communicatior
that will send information to all devices on the network. Each will perform the required
action but will not transmit a reply.
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3.2.  TYPICAL TRANSMISSION LINE ACTIVITY

This diagram is to illustrate typical sequence of events on a Modbus transmission line.

ACTIVITY
id N
Slave N a Repl /;\
C >| i 2
TIME >

Period 'a' The processing time, (latency), required by the slave to complete the command and
construct a reply.

Period 'b' The processing time required by the master to analyse the slave response and
formulate the next command.

Period 'c' The wait time calculated by the master for the slaves to perform the operation.
None of the slaves will reply to a broadcast message.

For a definition of the time periods required by the network, refer to ‘Wait Period' in the
section 'Error Response'.

3.3. DEVICE ADDRESS

Each slave has a unique 8 bit device address. The Gould MODBUS Protocol defines the
address range limits as 1 to 247. Series 2000 instruments will support an address range of 1
to 254. The device address used by the instrument is set usﬂddheparameter in the

CmS Ly Sk, which is available in operator mode. Note that this list may only be accessible
when using theFul L user interface: refer to the manual supplied with the instrument for
more details on how to set this parameter.

Device address 0 is a special case that will broadcast a message to all slave devices
simultaneously.
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3.4. PARAMETER ADDRESS

Data bits or data words exchange information between master and slave devices. This data
consists of parameters. All parameters communicated between master and slaves have a 1
bit parameter address.

The MODBUS parameter address range is 0001 to FFFF..

Parameter definitions for Series 2000 instruments are in Chapter 5.

3.5. PARAMETER RESOLUTION

JBUS and MODBUS protocol limit data to 16 bits per parameter. This reduces the active
range of parameters to 65536 counts. In Series 2000 instruments this is implemented as -
32767 (8001h) to +32767 (7FFFh).

The protocol is also limited to integer communication only. Series 2000 instruments allow
the user to configure either integer or full resolution. In integer mode all parameters will be
rounded to the nearest integer value, whereas in full resolution mode the decimal point
position will be implied so that 100.01 would be transmitted as 10001. From this, and the 1¢
bit resolution limitation, the maximum value communicable with 2 decimal place resolution
is 327.67. The parameter resolution will be taken from the slave user interface, and the
conversion factor must be known to both master and slave when the network is initiated.

The Series 2000 instruments provide a special sub-protocol for accessing full resolution
floating point data. This is described in Chapter 6 of this manual.

3.6. MODE OF TRANSMISSION

The mode of transmission describes the structure of information within a message and the
number coding system used to exchange a single character of data.

The JBUS and MODBUS Protocols define a mode of transmission for both ASCIl and RTU
modes of transmission. Series 2000 instrumeniis support thdRTU mode of
transmission.

The RTU definition of the mode of transmission for a single character is;
A start bit, eight data bits, a parity bit and one or two stop bits

All Series 2000 instruments use 1 stop bit.
Parity may be configured to be NONE, ODD or EVEN.
If parity is configured to be NONE, no parity bit is transmitted.

The RTU mode of transmission for a single character is represented as follows:

Start d7 d6é d5 d4 d3 d2 di do Parity  Stop
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3.7. MESSAGE FRAME FORMAT

A message consists of a number of characters sequenced so that the receiving device can
understand. This structure is known as the message frame format.

The following diagram shows the sequence defining the message frame format used by
JBUS and MODBUS:

Frame start Device address Function code Data CRC EOT
3 bytes 1 byte 1 byte nbytes 2byte 3 bytes

The frame start is a period of inactivity at least 3.5 times the single character transmission
time.

For example, at 9600 baud a character with 1 start, 1 stop and 8 data bits will require a
3.5ms frame start.

This period is the implied EOT of a previous transmission.

The device address is a single byte (8-bits) unique to each device on the network.
Function codes are a single byte instruction to the slave describing the action to perform.

The data segment of a message will depend on the function code and the number of bytes
will vary accordingly.

Typically the data segment will contain a parameter address and the number of parameters
to read or write.

The Cyclic Redundancy Check, (CRC) is an error check code and is two bytes, (16 bits)
long.

The End of Transmission segment, (EOT) is a period of inactivity 3.5 times the single
character transmission time. The EOT segment at the end of a message indicates to the
listening device that the next transmission will be a new message and therefore a device
address character.
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3.8. CYCLIC REDUNDANCY CHECK

The Cyclic Redundancy Check, (CRC) is an error check code and is two bytes, (16 bits)
long. After constructing a message, (data only, no start, stop or parity bits), the
transmitting device calculates a CRC code and appends this to the end of the message. A
receiving device will calculate a CRC code from the message it has received. If this CRC
code is not the same as the transmitted CRC there has been a communication error. Series
2000 instruments do not reply if they detect a CRC error in messages sent to them.

The CRC code is formed by the following steps:
1 Load a 16 bit CRC register with FFFFh.
2 Exclusive OR (0J) the first 8 bit byte of the message with the with the high order

byte of the CRC register.
Return the result to the CRC register.

3 Shift the CRC register one bit to the right.

4 If the over flow bit, (or flag), is 1, exclusive OR the CRC register with AOO1 hex
and return the result to the CRC register.

4a If the overflow flag is 0, repeat step 3.

5 Repeat steps 3 and 4 until there have been 8§ shifts.

6 Exclusive OR the next 8 bit byte of the message with the high order byte of the

CRC register.

7 Repeat step 3 through to 6 until all bytes of the message have been exclusive OR
with the CRC register and shifted 8 times.

8 The contents of the CRC register are the 2 byte CRC error code and are added to
the message with the most significant bits first.
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The flow chart below illustrates this CRC error check algorithm.
The O' symbol indicates an 'exclusive OR' operation. 'n' is the number of data bits.

START

l

FFFFh —» CRC Registe

N|
v
CRC Registerd next byte of the message CRC Register

0> n

Shift CRC Register right 1 bit

NO

Over flow 2

YES

CRC Registerl] A001h - CRC Register|
l¢

NO

n >77?

YES l

CRC Registerd next byte of the message CRC Register

NO

Is message complete ?

YES
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3.9. EXAMPLE OF A CRC CALCULATION

This example is a request to read from the slave unit at address 02, the fast read of the statu
07).

Function 16 Bit Register Carry
LSB MSB flag
Load register with FFFF hex 1111 1111 1111 1111 0
First byte of the message (02) 0000 0010
Exclusive OR 1111 1111 1111 1101
1st shift right 0111 1111 1111 1110 1
A001 1010 0000 0000 0001
Exclusive OR (carry = 1) 1101 1111 1111 1111
2nd shift right 0110 1111 1111 1111 1
A001 1010 0000 0000 0001
Exclusive OR (carry = 1) 1100 1111 1111 1110
3rd shift right 0110 0111 1111 1111
4th shift right (carry = 0) 0011 0011 1111 1111 1
A001 1010 0000 0000 0001
Exclusive OR (carry = 1) 1001 0011 1111 1110
5th shift right 0100 1001 1111 1111
6th shift right (carry = 0) 0010 0100 1111 1111 1
A001 1010 0000 0000 0001
Exclusive OR (carry = 1) 1000 0100 1111 1110
7th shift right 0100 0010 0111 1111
8th shift right (carry = 0) 0010 0001 0011 1111 1
A001 1010 0000 0000 0001
Exclusive OR (carry = 1) 1000 0001 0011 1110
Next byte of the message (07) 0000 0111
Exclusive OR (shift = 8) 1000 0001 0011 1001
1st shift right 0100 0000 1001 1100 1
A001 1010 0000 0000 0001
Exclusive OR (carry = 1) 1110 0000 1001 1101
2nd shift right 0111 0000 0100 1110 1
A001 1010 0000 0000 0001
Exclusive OR (carry = 1) 1101 0000 0100 1111
3rd shift right 0110 1000 0010 0111 1
A001 1010 0000 0000 0001
Exclusive OR (carry = 1) 1100 1000 0010 0110
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Function 16 Bit Register Carry
LSB MSB flag

4th shift right 0110 0100 0001 0011 0

5th shift right (carry = 0) 0011 0010 0000 1001 1
A001 1010 0000 0000 0001

Exclusive OR (carry = 1) 1001 0010 0000 1000

6th shift right 0100 1001 0000 0100 0

7th shift right (carry = 0) 0010 0100 1000 0010 0

8th shift right (carry = 0) 0001 0010 0100 0001 0
CRC error check code 12h 41h
The final message transmitted, including the CRC code, is as follows;

Device address Function code CRC MSB CRCLSB

02h 07h 41h 12h

0000 0010 0000 0111 0100 0001 0001 0010

t First bit Transmission order Liast bit
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3.10. EXAMPLE OF A CRC CALCULATION IN THE ‘'C’
LANGUAGE

This routine assumes that the data types ‘uint16’ and ‘uint8’ exists. These are unsigned 16
bit integer (usually an ‘unsigned short int’ for most compiler types) and unsigned 8 bit
integer (unsigned char). ‘z_p'’ is a pointer to a Modbus message, and z_message_length is
length, excluding the CRC. Note that the Modbus message will probably contain ‘NULL’
characters and so normal C string handling techniques will not work.

uint16 calculate_crc(byte *z_p, uint16 z_message_length)

/* CRC runs cyclic Redundancy Check Algorithm on input z_p */
[* Returns value of 16 bit CRC after completion and */

[* always adds 2 crc bytes to message */

[* returns 0 if incoming message has correct CRC */

{
uintlé6 CRC= Oxffff;

uint1l6 next;
uintlé carry;
uintl6 n;

uint8 crch, crcl;

while (z_message_length--) {
next = (uintl6)*z_p;
CRC "= next;
for (N =0; n < 8; n++) {
carry =CRC & 1;
CRC >>=1;
if (carry) {
CRC "= 0xA001;
}
}
Z_p++;
}
crch = CRC / 256;
crcl = CRC % 256
z_p[z_message_length++] = crcl;
z_p[z_message_length] = crch;
return CRC,;
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3.11. EXAMPLE OF A CRC CALCULATION IN BASIC
LANGUAGE

Function CRC(message$) as long

" CRC runs cyclic Redundancy Check Algorithm on input message$
" Returns value of 16 bit CRC after completion and

" always adds 2 crc bytes to message

" returns 0 if incoming message has correct CRC

" Must use double word for CRC and decimal constants

crcl6& = 65535
FOR c% = 1 to LEN(message$)
crcl6& = crc16& XOR ASC(MID$(message$, c%, 1))
FOR bit% =110 8
IF crc16& MOD 2 THEN
crcl6& = (crcl6& \ 2) XOR 40961
ELSE
crcl6& = crcle& \ 2
END IF
NEXT BIT%
NEXT c%
crch% = CRC16& \ 256: crcl% = CRC16& MOD 256
message$ = message$ + CHR$(crcl%) + CHR$(crch%)
CRC = CRC16&
END FUNCTION CRC
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3.12. FUNCTION CODES

Function codes are a single byte instruction to the slave describing the action to perform.

The following communication functions are supported by Series 2000 instruments:

Function code Function

01 or 02 Read n bits

03 or 04 Read n words

05 Write a bit

06 Write a word

07 Fast Read of Status
08 Loopback

16 Write n words

It is recommended that function code 3 is used for reads and function code 16 is used for
writes. This includes Boolean data. Other codes are supplied for purposes of compatability.

Only the write function codes 05, 06 and 16 will work with a ‘broadcast mode’ ad26&s.
Series instruments will not reply if they receive a request including a unsupported function
code.

Data bits or data words exchange information between master and slave devices. This data
consists of parameters.

Parameter definitions for the Series 2000 instruments are provided later in this document.

The sections that follow explain the message frame format for each function code.
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3.13. READ N BITS

Function code: 01 or 02, (O1h or 02h)

Command:
Device Function code Address of Number of CRC
address bits to read
01 or 02 first bit
1 byte 1 byte MSB LSB MSB LSB MSB LSB
Reply:
Device Function Number First byte Last byte CRC
address code of bytes
read of data of data
01 or 02
1 byte 1 byte 1 byte 1 byte 1 byte MSB LSB

The first data byte contains the status of the first 8 bits, with the least significant bit being
the first bit. The second data byte contains the status of the next 8 bits, etc.. Unused bits
are set to zero.

Example: From the instrument at device address 19, read 14 bits, beginning at
parameter address 2.

Command:
Device Function code Address of Number of bits CRC
address to read
first bit
13 01 00 02 00 OE 1F 7C
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Reply:
Device Function Number of First byte Second CRC
address code bytes read byte
of data
of data
13 01 02 01 01 C1 AF

An expansion of the data bytes illustrates the relationship between data and the

parameter addresses.
The reply indicates that the instrument is in sensor break and manual mode.

Data 1st byte (40h) 2nd byte (02h)

byte
Param. 9| 8| 7 5| 4| 3 2 |17 |16 |15 |14 | 13|12 | 11 | 10
address

Bt | 0| 0] O oJlo|l]o]J]1]o]lo]Jo|lo|]o|oOo]|oO]|a1
values
Parameter addresses 16 and 17 are set to zero.
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3.14. READ N WORDS

Function code:

03 or 04, (03h or 04h)

Command:
Device address Function code Address of Number of words CRC
to read
03 or 04 first word
1 byte 1 byte MSB LSB MSB LSB MSB LSB

The maximum number of words that may be read is 125 for 2400 Series
instruments and 3for the 2200

Reply:
Device Function Number of | Value of the first Value of the CRC
address code bytes read word last word
03 or 04
1 byte 1 byte 1 byte MSB LSB MSB | LSB | MSB | LSB

Example: From 2000 Series slave at device address 2, read 2 words from parameter address 1

(Process Variable and Target Setpoint).

3-16
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Command:
Device address Function code Address of Number of words CRC
to read
first word
02 03 00 01 00 02 95 F8
Reply: (If the instrument is configured withteger resolution and PV
=18.3, SP =21.6)
Device | Function code| Number of | Value of the first | Value of the last CRC
address bytes read word word
03 or 04
02 03 04 00 12 00 16 E8 F8
Reply: (If the instrument is configured wiftll resolution and PV =
18.3, SP = 21.6)
Device | Function code| Number of |Value of the first| Value of the last CRC
address bytes read word word
03 or 04
02 03 04 00 B2 00 D8 69 4E

As the decimal point is not transmitted, the master must scale the response;
183=5.0, 216=10.0.
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3.15. WRITE ABIT
Function code: 05, (05h)

Command:
Device address Function code Address of bit Value of bit CRC
05
1 byte 1 byte MSB LSB MSB LSB MSB LSB

The LSB of 'Value of bit' is always set to 00. The MSB is used to write the value of the
addressed bit.
To set a bit value of 1, either transmit O1h or FFh. To set a bit value of 0 transmit O0h.,

A device address 00 will broadcast the data to all devices on the network.

Reply:  (There will be no reply to a command broadcast to the device address 00.)

Device address Function code Address of bit Value of bit CRC
05
1 byte 1 byte MSB LSB MSB LSB MSB LSB

The reply to function 05 is the same as the command. See the section on ‘Error Response’
below for details of the reply if the operation fails.

3-18 Series 2000 Communications Handbook Part No HA026230 Issue 2.0 Feb-00



Series 2000 Communications Handbook

MODBUS and JBUS Protocol

Example: Write to the Series 2000 instrument at device address 2 and set the instrument to
manual. (The bit at parameter address 2 is set).

Command:

Device address Function code Address of bit Value of bit CRC
02 05 00 02 01 00 6D A9
Reply:
Device address Function code Address of bit Value of bit CRC
02 05 00 02 01 00 6D A9
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3.16. WRITE AWORD

Function code:

Command:

06, (06h)

Device address Function code | Address of word | Value of word CRC
06
1 byte 1 byte MSB LSB MSB LSB MSB LSB

A device address 00 will broadcast the data to all devices on the network.

Reply:  (There will be no reply to a command broadcast to the device address 00.)
Device address Function code Address of word Value of word CRC
06
1 byte 1 byte MSB LSB MSB LSB MSB LSB

The reply to function 06 is the same as the command. See the section on ‘Error Response’
below for details of the reply if the operation fails.

Example: Write to the Series 2000 slave at device address 2 and change the setpoint to 25.0°
C (address 2). The instrument is configured with full resolution, therefore the required

value is 250.

Command:

Device address | Function code | Address of word Value of word CRC
02 06 00 02 00 FA A8 7A
Reply:
Device address | Function code | Address of word Value of word CRC
02 06 00 02 00 FA A8 7A
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3.17. FAST READ OF STATUS

Function code: 07, (07h)
The fast read of status command is short to allow a rapid transaction to obtain one byte of
frequently needed status information.

Command
Device address Function code CRC
07
1 byte 1 byte MSB LSB
Reply:
Device address Function code Fast read CRC
07 status byte
1 byte 1 byte 1 byte MSB LSB
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The table below defines the status byte information used by Series 2000 instruments.

Parameter Modbus Bisynch Modbus Bisynch Display
2400 2400 2200 2200

Summary Output 75 SO 75 SO -

Status Word

BIT DESCRIPTION

0 Alarm 1 State ( 0 = Safe, 1 = Alarm ) Alarm 1 State ( 0 = Safe, 1 = Alarm)

1 Alarm 2 State ( 0 = Safe, 1 = Alarm ) Alarm 2 State ( 0 = Safe, 1 = Alarm))

2 Alarm 3 State ( 0 = Safe, 1 = Alarm ) Alarm 3 State ( 0 = Safe, 1 = Alarm)

3 Alarm 4 State ( 0 = Safe, 1 = Alarm ) Alarm 4 State ( 0 = Safe, 1 = Alarm))

4 Manual Mode ( 0 = Auto, 1 = Manual ) || Manual Mode ( 0 = Auto, 1 = Manual )

5 Sensor Break (0 =Good PV, 1= Sensor Break (0 =Good PV, 1=
Sensor Broken) Sensor Broken )

6 Loop Break (0 = Good closed loop, || Loop Break (0= Good Closed Loop, 1
1 =0Open Loop) = Open Loop)

7 Heater Fail (0= No Fault, 1 = Heater Fail (0= No Fault, 1 = Load
Load fault detected ) Fault Detected)

8 Tune Active (0 = Auto Tune Load Fail (0=No Fault, 1 = Load
disabled, 1 = Auto Tune active) Fault Detected)

9 Ramp/Program Complete (0 = Ramp/Program Complete (0 =
Running/Reset, Running/Reset, 1 = Complete )
1 =Complete)

10 PV out of range ( 0 = PV within table PV out of range ( 0 = PV within table
range, 1 = PV out of table range ) range, 1 = PV out of table range )

11 DC control module fault (0= Good,. 1= || SSR Fail (0= No fault, 1 = Load
BAD) fault detected )

12 Programmer Segment Synchronise (0 || New Alarm
= Waiting,
1 = Running)

13 Remote input sensor break (0 = Remote input sensor break (0 = Good, 1
Good, 1 = Bad) = Bad)
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Example: Fast read the status byte from a Series 2000 instrument at device address 02.

Command:

Device address | Function code CRC
02 07 41 12
Reply:
Device address | Function code Fast readstatus byte CRC
02 07 30 D2 24

In this example the value of status byte (30h) has the following information;
PV is in sensor break
Instrument is in Manual mode
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3.18. DIAGNOSTIC LOOPBACK

Function code:

08, (08h)

This function provides a means of testing the communications link by means of a ‘loopback’
operation. The data sent to the instrument is returned unchanged. Only diagnostic code 0
from the Gould Modicon Specification is supported

Command:

Device address | Function Code | Diagnostic Code | Loopback Data CRC
08 0000
1 byte 1 byte MSB LSB MSB LSB MSB LSB
Reply:
The reply to function 08 is the same as the command
Example: Perform a loopback from the Series 2000 instrument at address 2, using

a data value of 1234h.

Command:

Device address | Function Code | Diagnostic Code | Loopback Data CRC
08 0000
02 08 00 00 12 34 ED 4F
Reply:
Device address | Function Code | Diagnostic Code | Loopback Data CRC
08 0000
02 08 00 00 12 34 ED 4F
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3.19. WRITE N WORDS
Function code: 16, (10h)

Command:
Device Function | Address of [ Number of |Number of data Data CRC
address code ) words to write bytes (n)
first word
10
1 byte 1 byte MSB [LSB| MSB | LSB 1 byte nbytes | MSB | LSB

The maximum number of words that can be transmitted is

Series 2200: 32
Series 2400: 125 words, which corresponds to 250 bytes of data

The first two bytes are data with the required value of the first parameter, MSB first.
Following pairs of bytes are data for the consecutive parameter addresses.

A device address 00 will broadcast the data to all devices on the network.

NB: Blocks of data written using Modbus function 16 containing values in positions
corresponding to the addresses of unconfigured parameters are not generally rejected,
although the values of any unconfigured parameters are discarded. This allows relatively
large blocks of parameter data to be written in a single operation, even if the block contains
a little ‘empty’ space. This is particularly useful for operations such as downloading
ramp/dwell programs, recipes, or instrument cloning. However this also leads to a potential
pitfall: if the block of data contains only a single parameter, and the destination address
refers to an unconfigured or unused Modbus address, the write operation will appear to be
successful, although the instrument will have discarded the value. See also Chapter 6 -
‘ignoring Modbus errors’.

Attempts to write to read only parameters over Modbus, even when they are embedded withi
a block of data, will be rejected with a Modbus ‘data error’. Any subsequent values in the
block will also be discarded.

Reply:  There will be no reply to a command broadcast to the device address 00. See the
section on ‘Error Response’ below for details of the reply if the operation fails.

Device address Function code Address of Number of words CRC
. written
10 first word
1 byte 1 byte MSB LSB MSB LSB MSB LSB
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Example: Write to the Series 2000 slave at device address 2 which is configured
with full resolution.
Setpoint 3 = 12.3 (123) parameter address 164
Setpoint 4 = 15.0 (150) parameter address 165
Setpoint 5 = 25.0 (250) parameter address 166
Command:
Device | Function | Address of Number of Number Data CRC
address code . words to write of
first word
data
bytes
02 10 00 Ad 00 03 06 See 20 71
below
Data (123) for Data (150) for Data (250) for
address 164 address 165 address 166
01 7B 03 96 00 FA
Reply:
Device address Function code Address of Number of words CRC
) written
first word
02 10 00 A4 00 03 C1 D8
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3.20. ERROR RESPONSE

The JBUS and MODBUS protocol define the response to a number of error conditions. A
slave device is able to detect a corrupted command or, one that contains an incorrect
instruction, and will respond with an error code.

With some errors the slave devices on the network are unable to make a response. After a
wait period the master will interpret the failure to reply as a communication error. The
master should then re-transmit the command.

Error Response Codes

A slave device that has detected a corrupted command or a command that contains an
incorrect instruction, will respond with an error message. The error message has the
following syntax.

Device address | Function code Error response CRC
code
1 byte 1 byte 1 byte MSB LSB

The Function code byte contains the transmitted function code but with the most significant
bit set to 1.
(This is the result of adding 128 to the function code.)

The error response code indicates the type of error detected.
Series 2000 instruments support the following error response codes:

Code Error Description

02 lllegal Data Address The address referenced in the data field is not an
allowable address for the slave

03 lllegal Data Value The value referenced in the data field is not
allowable in the addressed slave location
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3.21. WAIT PERIOD

There are several errors for which the slave devices on the network are unable to make a
response:

¢ If the master attempts to use an invalid address then no slave device will receive the
message.

* For a message corrupted by interference, the transmitted CRC will not be the same as
the internally calculated CRC. The slave device will reject the command and will not
reply to the master.

After a wait period, the master will re-transmit the command.

A wait period is also required after a broadcast communication to device address 0.
Caution: Failure to observe the wait period after a broadcast will negate the broadcast
message.

The wait period should exceed the instrument latency plus the message transmission time.
Typical wait periods, for a single parameter read, are 20ms for 2400 and 50 to 100ms for
2200.

3.22. LATENCY

The time taken for the Series 2000 instrument to process a message and start the
transmission of a reply is called the latency. This does not include the time taken to transmit
the request or reply.

The parameter functions read 1 word (function 03h), write 1 word (function 06h), write 1
bit (function O5h), fast read of status (function 07h), and loopback (function 08h) are
processed within a latency of between 2 and 10ms.

For the parameter functions, read n bits (function O1h), read n words (function 03h), and
write n words (function 10h) the latency is indeterminate. The latency will depend on the
instrument activity and the number of parameters being transferred and will take from 2 to
500ms, for 2400, and 50 to 500ms, for 2200.

It is possible to artificially increase the latency by setting the ‘Comms Delay’ parameter in
the Mod HA configuration list. This is sometimes required to allow a guaranteed gap
between requests and responses, needed by some RS485 adaptors to switch from transmit to
receive states.
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3.23. MESSAGE TRANSMISSION TIME

The time required to transmit a message will depend on the length of the message and the
baud rate.

Message transmission time =
(Number of bytes in the message + 3.5) * Number of bits per character
Baud rate

To find the number of bytes, refer to the relevant function code. The three extra bytes are
for the End of Transmission, (EOT), characters.

The number of bits per character will be ten, or eleven if a parity bit is used. (1 start bit, 8
data bits, an optional parity bit and 1 stop bit. See Mode of Transmission).

For example reading a single word with the function code 03 at 19200 baud, (no parity bit);

Command transmission time = (8 + 3.5) * 10 = 6 ms
19200

Reply transmission time = O +35)*10 = 6.5 ms
19200

The wait period for this transaction will exceed 22.5 ms, (6 + 6.5 + 10.0).

For a broadcast command, (device address 0), the master would not expect a reply. In this
case the wait period will exceed 16 ms, (6 +10.0).
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4. CHAPTER 4 EI-BISYNCH PROTOCOL

This chapter introduces the principles of the EI-Bisynch communication protocol. El-

Bisynch is a proprietary protocol based on the ANSI X3.28-2.5 A4 standard for message
framing. Despite its name, it is an ASCII based asynchronous prdbatalis transferred
using 7 data bits, even parity, 1 stop bit.

4.1. EXPLANATION OF TERMS

4.1.1. Address

Each instrument has a configurable address consisting of two digits, the fist being a ‘group’
number 0 to 9, and the second a ‘unit number 0 to 9. There are, in principle, therefore 100
different addresses that may be used, 00 to 99, although in Series 2000 instruments, address
00 is reserved for use in configuration mode, leaving addresses 01 to 99 available.

The address is set on th@5 L, Sk, using théddr parameter. It may be necessary to use
FulL user interface via tf8LLS L SE to view and change the value of this parameter;
see the instrument manual for more information.

4.1.2. Mnemonics

El-Bisynch identifies parameters within an instrument using what are known as ‘mnemonics’.
These are usually two letter abbreviations for a given parameter, for example PV for Process
Variable, OP for Output, SP for Setpoint, and so on. Tables giving the mnemonics for
parameters used in the 2000 Series is provided in Chapter 5.

4.1.3. Channels

El-Bisynch provides for ‘channel’ data. This would be used, for example, when a single
physical unit contains several independent control loops, each having their own Process
Variable, Setpoint, and Output Power. In this case, the values for each loop are obtained by
specifying different channel numbers: ‘1’, ‘2, etc.

The 2000 series supports an optional channel number of ‘1’, since it is a single loop
controller. Other channel numbers will be rejected as invalid, with the exception of channel
‘9’ which has a specialised function described elsewhere in this manual.

The channel number, if used, is encoded as a single ASCII character preceding the
mnemonic, for example 1PV.
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4.1.4. ASCII codes

Before a character is transmitted it

is turned into an ASCII code. This

is a universal code and a full list is

included in Appendix B. Return to idle
The ASCII code is 7 bits and to this state

the start, parity and stop bits have to or

be added as shown in the attached Start bit of new

diagram. EI Bisynch protocol ----Af/character
requires even parity and a single - I —
stop bit. This has to be ' _ 145 2
programmed as part of the software StoP bit (1, 1.5, or2 bits 11 Vv
concerning the communications Pel?lﬂ%it (odd, even or
output port of the computer. "™ Databit 6 (MSB):
One Data bit 5
character ) . Data b!t 4
Data bit 3 :
ASCIl O
Data bit 2 :
Data bit1 :
Data bit 0 (LSB) :
Startbit | |

Idle state of line

Figure 4-1: Asynchronous ASCII
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4.1.5. Control characters

Several ASCII control characters are used in the framing of EI-Bisynch messages. These are:

Hex Name Usage
Value

02 STX Start of data in a message

03 ETX End of message

04 EOT End of transmission sequence

05 ENQ Enquiry for a value

06 ACK Positive Acknowledge

15 NAK Negative Acknowledge

4.2. DATA FORMATS

Data in Bisynch messages is sent as a sequence of ASCII printable characters. Two principal
data formats are used in Series 2000 instruments, Free format, and hex format. See also
Chapter 6 .

4.2.1. Free Data Format

Parameter values returned from the instrument in ‘free format’ are of variable length. The
instrument returns the value as it would be displayed on its front panel, with no leading or
trailing spaces, e.qg:

-99.9
123.4
123 (integer valug

Note that trailing decimal point characters are suppressed. Any ‘sign’ must precede the
number itself.

Values written to the instrument may contain leading and trailing spaces, leading or trailing
zeros, or sign indications.

4-4 Series 2000 Communications Handbook Part No HA026230 Issue 2.0 Feb-00



Series 2000 Communications Handbook El-Bisynch Protocol

This format is used for almost all parameters available over EIl-Bisync in the 2000 series, witl
the exception of a few status words and prime set parameters which use ‘hex format'.

NB: Because the returned value is of variable length, it is necessary to use the terminating
ETX character to delimit the data value. It is not usually possible to make assumptions
regarding the number of characters used to represent a value unless you are operating in a
very restricted numeric range, 10.0 to 99.9 for example, where all possible values will take
4 characters to transmit.

4.2.2. Hex Data Format

This format is used for a few status words and prime set parameters. The value is preceded
a >* (hex 3E) character, and normally consists of 4 hexadecimal characters, although it is
acceptable to suppress leading zeroes when parameters are written. These characters repre
the value of a 16 bit unsigned integer in hexadecimal (base 16) notation. Upper or lower cas
representations of ‘A’ to ‘F’ are acceptable, although the instrument will always return upper
case. For example

>2040 equivalent to 8256 decimal
>ABCD equivalent to 43981 decimal

This format is also used in conjunction with the channel 9 specifier to set up instrument scrol
lists. More information on this operation is given later in this manual.
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4.3. READING DATA FROM THE 2000 SERIES

To read data, a ‘poll' message is issued to the instrument. This message takes the following
format:

[EOT] (GID)(GID)(UID)(UID)(CHAN)(C1)(C2) [ENQ]

Each item in the above description represents a single ASCII character. The items in bold
type and square brackets are control characters used to ‘frame’ the message, whose values
may be determined by reference to the table on P4.2. The bracketed items in normal type
have the following significance:

GID The group id, or the first digit of the instrument address. E.G. ‘1’ (31 hex) for
instrument address 12, ‘0’ (30 hex) for instrument address 1 (which is equivalent
to address 01). The GID is sent twice, as a validation mechanism,

uiD The unit id, or the second digit of the instrument address. E.G. ‘2’ (32 hex) for
instrument address 12, ‘1’ (31 hex) for instrument address 1. The UID is sent
twice, as a validation mechanism.

CHAN  The channel number, which is optional. If used, send a value of ‘1’ for Series
2000 single loop controllers.

C1 The first character of the mnemonic for the parameter being accessed, e.g. ‘P’ for
Process Variable.

Cc2 The second character of the mnemonic for the parameter being accessed, e.g. ‘V’
for Process Variable.

If the instrument receives the message correctly and the mnemonic is valid, it will reply with

[STX] (CHAN)(C1)(C2)<DATA> [ETX] (BCC)

CHAN  Echo of the channel number from the poll message, if used. Otherwise not
returned

C1,C2  Echo of the mnemonic from the poll message.

DATA  The value of the parameter in a given display format. E.G 99.9, 1.2, -999, >1234
etc.

BCC This is a block checksum that is generated for data validation. It is computed by
XORing (exclusive or) all the characters after ardluding the STX, and
including the ETX. Note that it may take the value of ‘EOT’ and care must be
taken when writing a protocol driver to ensure that this is not seen as an ‘End of
Transmission’ sequence.
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If a request is made for a non existent mnemonic, or a mnemonic representing a parameter
that is not configured, the instrument will reply with a single ‘EOT’ character. If there is no
reply at all, one of the following errors is possible:

* Incorrect wiring or faulty hardware (Cable, PC, RS422/485 adaptor, Instrument Comms
Module)

* Instrument Address set wrong (PC, Instrument)

* Wrong Line set-up, should be 7 data bits, even parity, 1 stop (PC)

» Baud rate set wrongly (PC, Instrument)

» Parity error detected by instrument (Suspect line noise)

¢ Incorrect message format (PC)

To determine the cause of any communications problems, work systematically through the
possible causes.

Example of a Parameter Read

For example, when reading PV from instrument address 1, the following sequence of
characters will be sent and received:

Master: [EOT] 0011PVI[ENQ]
Instrument: [STX] PV16.4 [ETX{BCC}

Note that the BCC is a single character, that in this case has a value of 18 hex.
In hexadecimal, the transaction is as follows:
Master: 04 303031315056 05

Instrument: 02 50 56 31 36 2E 34 03 18
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4.3.1. Fast Poll

Fast polling provides a means of rapidly obtaining a set of parameter values, following an
initial successful parameter read carried out as specified above. To read the next parameter in
the ‘fast poll’ list, the master must send an ‘ACK’ control character following receipt of a

valid poll response message, whereupon a reply message in the same format as the poll
response will be received.

Parameters are only returned if they are configured, and the order in which parameters are
returned sorted alphabetically by mnemonic, excluding program segment data. The only real
use of this facility is to build an image of the parameter database in an instrument, and its use
in other scenarios is not recommended.

4.3.2. Repeated Polling of the same parameter

This facility provides a means of repeatedly obtaining a particular parameter value, following
an initial successful parameter read carried out as specified above. To repeat the last poll
operation, the master should transmit a ‘NAK’ control character following receipt of a valid
poll response message, whereupon a reply message in the same format as the poll response
will be received.
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4.4.  WRITING DATA TO THE 2000 SERIES

To write data, a ‘select’ message is issued to the instrument. This message takes the followil
format:

[EOT] (GID)(GID)(UID)(UID)  [STX] (CHAN)(C1)(C2)<DATA> [ETX] (BCC)

Each item in the above description represents a single ASCII character. The items in bold
type and square brackets are control characters used to ‘frame’ the message, whose values
may be determined by reference to the table on P 4.2. The bracketed items in normal type
have the following significance:

GID The group id, or the first digit of the instrument address. E.G. ‘1’ (31 hex) for
instrument address 12, ‘0’ (30 hex) for instrument address 1 (which is equivalent
to address 01). The GID is sent twice, as a validation mechanism,

uiD The unit id, or the second digit of the instrument address. E.G. ‘2’ (32 hex) for
instrument address 12, ‘1’ (31 hex) for instrument address 1. The UID is sent
twice, as a validation mechanism.

CHAN  The channel number, which is optional. If used, send a value of ‘1’ for Series
2000 single loop controllers.

C1 The first character of the mnemonic for the parameter being accessed, e.g. ‘P’ for
Process Variable.

Cc2 The second character of the mnemonic for the parameter being accessed, e.g. ‘V’
for Process Variable.

DATA  The value of the parameter in a given display format. E.G 99.9, 1.2, -999, >1234
etc.

BCC This is a block checksum that is generated for data validation. It is computed by
XORing (exclusive or) all the characters after ardludingthe STX, and
including the ETX.

If a parity or address format error is detected, the instrument will not reply. Otherwise, the
instrument will reply with either :

[NAK] Failed to write: BCC is incorrect, or Parameter not available or not configured, or
Parameter is read only, or attempt has been made to read a parameter that is
outside limits. A read of the EE mnemonic will give more information.

OR
[ACK] Parameter write was successful.
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If there is no reply at all to a write request, one of the following errors is possible:

* Incorrect wiring or faulty hardware (Cable, PC, RS422/485 adaptor, Instrument Comms
Module)

* Instrument Address set wrong (PC, Instrument)

* Wrong Line setup, should be 7 data bits, even parity, 1 stop (PC)

» Baud rate set wrongly (PC, Instrument)

» Parity error detected by instrument (Suspect line noise)

¢ Incorrect message format (PC)

To determine the cause of any communications problems, work systematically through the
possible causes.

Example of a Parameter Write
For example, when writing a value of 22.0 to the setpoint to an instrument at address 1, the
following sequence of characters will be sent and received:

Master: [EOT] 0011[STX] SL22.0 [ETXBCC}
Instrument: [ACK]

Note that the BCC is a single character, that in this case has a value of 32 hex.
In hexadecimal, the transaction is as follows:

Master: 04 3030313102534C 32322E300302
Instrument: 06

4.5. BROADCASTS

A particular GID (group identifier) and UID (unit identifier) address is reserved for use in
broadcast messages; the tilde character ‘~’, hex 7E, can be used as a wild card in the GID
and/or UID to selectively broadcast to all or to specific groups of instruments. In this case, no
reply to the write request will be sent by any instrument. The only foolproof method of
determining whether the write has succeeded is therefore to read back the parameter from
each instrument and verify that it is set correddioadcast is only recommended for

systems where failure to communicate a value due to physical failure of wiring or other
equipment will not cause damage to equipment.
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4.6. ERROR CODES HELD IN EE

The special ‘EE’ mnemonic may be used to give the status of the last communications
transaction. Itis a hex format parameter, and the values it may contain are as follows:

No Error

Invalid Mnemonic
Parameter is read only
Incorrect message
Limit error

ONNRE O

4.7. BISYNCH MESSAGE LATENCY

The time taken for the Series 2000 instrument to process a message and start the
transmission of a reply is called the latency. This does not include the time taken to transmit
the request or reply.

Parameter read functions for 2000 Series EI-Bisynch take place with a latency of between 2
and 10ms.

Parameter write functions for 2000 Series EI-Bisynch take place with a latency of between
5 and 50ms.

It is possible to artificially increase the latency by setting the ‘Comms Delay’ parameter in
the Mod HA configuration list. This is sometimes required to allow a guaranteed gap
between requests and responses, needed by some RS485 adaptors to switch from transmit to
receive states.

4.8. MESSAGE TRANSMISSION TIME

The time required to transmit a message will depend on the length of the message and the
baud rate.

Message transmission time =
Number of bytes in the message* Number of bits per character
Baud rate

The number of bytes in a message can be determined by reference to the information given
above.

The number of bits per character will be ten. (1 start bit, 7 data bits, an even parity bit and
1 stop bit).
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5.  Chapter 5 Modbus and EIBisynch Addresses

5.1. INTRODUCTION

This section of the manual provides a list of all parameters in 2200 and 2400 series
controllers that are available over the communications link. As far as possible, it follows the
same organisation as the controller user interface itself. Definitions of parameters and status
information not available via the controller display are also provided.

All 2000 Series controllers may be configured for a wide variety of functions and some
parameters will only be available if the related function is configured. Modbus addresses that
are not supported have no parameter assigned. In normal operating mode all configuration
parameters are read only. To be able to write to these parameters, the controller must be in
configuration mode.

If the Modbus protocol is used to read a parameter that is not configured, an undefined value
will be returned. The El-Bisynch protocol will return an EOT character to signal that the
parameter is not available.

Modbus function 6 single parameter write operations to unconfigured or read only parameters
will be rejected with a Modbus ‘data error’ return code. The EI-Bisynch protocol rejects such
requests with the NAK character.

NB: Blocks of data written using Modbus function 16 containing values in positions
corresponding to the addresses of unconfigured parameters are not generally rejected,
although the values of any unconfigured parameters are discarded. This allows relatively
large blocks of parameter data to be written in a single operation, even if the block contains
a little ‘empty’ space. This is particularly useful for operations such as ramp/dwell program
downloading, recipes, or instrument cloning. However this also leads to a potential pitfall: if
the block of data contains only a single parameter, and the destination address refers to an
unconfigure