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1. CHAPTER 1 APPLICATION OF USER COMMUNICATIONS TIMEOUT

This chapter provides an update to issue 5 of the EPower Digital Communications Handbook and includes
features and additional parameters introduced in firmware versions V3.05 and above. It applies to ALL EPower
communications protocols.

1.1 FIELDBUS STATUS PARAMETER

Section 1.1 applies to the following communications protocols:-
Profibus, Devicenet, CanOpen, CCLink, Profinet and EthernetlP.
It does not apply to Modbus and Modbus/TCP.

The Fieldbus Status parameter is found in the ‘Faultdet. CommsStatus’ list. This parameter is a raw copy of the
‘NetStatus’ parameter found in the ‘Comms.User.NetStatus’ list and a value of ‘4’ (Active) means that
communications with the master is running correctly. However, in firmware versions 3.04 and below it is not
possible to wire ‘Faultdet. CommsStatus’ to the setpoint selector parameter ('SPselect’ or 'RemSelect’) in setpoint
provider directly.

4 ParamelerHelp g@g‘

& & B & eii
Masquer Sommaire Page précédente Actualiser Imprimer Options
Sommaire ‘!ndax | Rechercher | Alarm Manager
- (0 Blocks - ‘Faultdet.CnmmsStalus

= @ Access

+ @ AnaloglP Fieldbus Status

+ @ AnalogOP

= [ Comms If the protocol used in NOT modbus or modbus/TCP, then this parameter is a copy of Comms.User.NetStatus.

= () User
®1d If the protocoll used is NOT modbus or modbus/TCP, AND Comms.User.Parity is 1: The value of this parameter will be 0 if the
(] Protocol communication with the master is running. The value of this parameter will be 1 in case of communication error.
(%) Baud
5) Address Value Options
=] Parity
[l Delay . .
5 Uniddent 0: Setup or Running
] DCHP_enable If modbusTCP: communication is running
ﬂ :E-ajj’e“-; 1: Anybus module initialising network specific functionality
_address_.

5 IP_address_3 If modbus TCP: communication timeout has occured
() IP_address_4 2: Network Process Data channel ready but inactive
(5] Subnet_ Mask_1 . - . -
] Subnet Mask 2 3: Network interface is inactive
] Subnet_Mask_3 4: Network Process Data channel is active and error free

=] Subnet_Mask_4
[%) Default_Gateway_1
[8) Default_Gateway_2 6: Host fault has been detected
5] Default_Gateway_3
(2] Default_Gateway_4

5: At least one network error has been detected

Anybus module has detected an error with the EPower driver module that prevents it performing network communications

[2) Pref_Mstr_IP_1 7: Invalid CC-Link Address

% E’e:fxs:ﬁlgfi CC-Link address plus number of occupied stations minus 1 is greater than 64

=] Pref_Mstr_IP_:

=) Pref_Mstr_IP_4 8: Only upto 15 Input Definitions can be supported

) ShowMac Applicable to CC-Link. Only upto 15 Input Definitions can be supported by Anybus CC-Link Module when configured as
o) m:g; network V1.1 or V2.0 with only 1 Extension Cycle. In this case CC_Link Error Code occupies Input Definition location 16.
0

é MAC3 9: Only upto 16 Output Definitions can be supported

] MAC4 Applicable to CC-Link. Only upto 16 Output Definitions can be supported by Anybus CC-Link Madule when configured as
[51 MACS network V1.1 or V2.0 with only 1 Extension Cycle

[E] MACE

[2) Network More Alarm Manager parameters

5] Extension_Cycles

(5] NetStatus

[£] PNinitMode

=] PNDevNum v

Figure 1-1: Fieldbus Status Parameter
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1.1.1  Parity Parameter

From V3.05, this behaviour is the same by default, but a new mode has been added as follows:-

If the parameter ‘Comms.User.Parity’ is set to ‘1’ (Even), then the ‘Faultdet. CommsStatus’ parameter will only
take values between ‘0’ and ‘1’ - 0 if communications is running (if ‘Comms.User.NetStatus’ = Active) or 1
otherwise (communications is not running).

This allows the 'FaultDet. CommsStatus’ parameter to be wired directly to the setpoint selector parameter
(‘'SPselect’ or 'RemSelect’) without using any more function blocks.

L]
Masquer Sommaire

Sommaite | Index | Rechercher |

&
Page précédente

= [ Blocks
+ @ Access
= @ AnaloglP
+ @ AnalogOP
= (@ Comms
= [ User
8 1d
[£] Protacel

Unitident

(2] DCHP_enable

[8] IP_address_1

(8] IP_address_2
IP_address_3
IP_address_4
Subnet_Mask_1
Subnet_Mask_2
Subnet_Mask_3
Subnet_Mask_4
Default_Gateway_1
Default_Gateway_2
Default_Gateway_3
Default_Gateway_4
Pref_Mstr_IP_1
Pref Mstr_IP_2
Pref_Mstr_IP_3
Pref_Mstr_IP_4
ShowMac

MAC1

MAC2

MAC3

MAC4

MACS

MAC6

Network
Occupied_Stations
[£] Network_Version
[£] Extension_Cycles
|E] NetStatus

£] PNinitMode

[£1 PNDevNum

BEL

EEE

Actualiser Imprimer Options.
Digital C ications. User Comms

|Cumm5.User.Parity

Parity setting

Warning :

Up to V3.01 release : This parameter is stored in non-volatile memory in the driver. Do not write
continuously to this parameter using communications, this will permanently damage Epower driver.
For example, use acyclic writing mode at the start of the process to set the right value.

From V3.01: When you write to this parameter using cydic mode, the value is not stored in non-
volatile memory to avoid damage to it. Be careful, do not reproduce cydlic mode in PLC by using
acyclic writing in a continuous loop

Parity is a method of ensuring that the data transferred between devices has not been corrupted.

Parity is the lowest form of integrity in the message, it ensures that a single byte contains either an even or an odd number of ones
or zeros in the data.

In industrial protocols, there are usually layers of checking to ensure that first the byte transmitted is good and then that the message
transmitted is good. Modbus applies a CRC (Cyclic Redundancy Check) to the data to ensure that the packet of data is not corrupted.
Thus there is usually no benefit in using odd or even parity, and since this also increases the number of binary bits transmitted for any
messages, it decreases throughput.

Fieldbus comm error reporting

if Comms.User.Id is "Network", then setting this parameter to 1 will enable the binary mode for FaultDet.CommsStatus. This will allow
the network status to be wired directly to the setpoint provider.

. In this case, FaultDet.CommsStatus will be 0 or 1. See Comms.User.NetStatus documentation for more details.
e If the protocol used is NOT modbus or modbus/TCP, then setting this to 1 means that FaultDet.CommsStatus will be 0 or
1. See FaultDet.CommsStatus documentation for more details.

Value Options

0: No Parity Enabled
1: Even Parity
2: Odd Parity

More User Comms parameters

Figure 1-2: Parity Parameter
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1.2 MODBUS AND MODBUS/TCP TIMEOUT

Section 1.2 applies to communications protocols Modbus and Modbus/TCP only.

From firmware versions V3.05 and above, a new feature has been added. This is timeout of communications for
Modbus and Modbus/TCP. The timeout parameter is found as ‘Comms.User.PNDevNum'.

To activate this feature, set a timeout value in ‘Comms.User,PNDevNum’. A value of ‘0’ disables this facility.

E? Parameter_Help Q@gl

LE| G & i
Masquer Sommaire Page précédente Actualiser Imprimer Options
Sommaire ‘gndax | Rechercher | Digital Communications. User Comms

= @ AnaloglP A |Cumm5.U5er.PNDevNum |

= @ AnzlogOP

5 Ugﬂms Profinet Station number. / Timeout

= ser

B
] Protocol Warning :
(8 Baud Up to V3.01 release : This parameter is stored in non-volatile memory in the driver. Do not write
[5) Address continuously to this parameter using communications, this will permanently damage Epower driver.
(2 Parity For example, use acyclic writing mode at the start of the process to set the right value.
2] Delay

[ Unitident From V3.01: When you write to this parameter using cyclic mode, the value is not stored in non-

21 DCHP_enable volatile memory to avoid damage to it. Be careful, do not reproduce cydic mode in PLC by using
(] 1P_address_1 acydic writing in a continuous loop
2] IP_address_2

&) IP_address_3
&) IP_address_4
[] Subnet_Mask_1
2] Subnet Mask_2 For example, if PNDevNum is equal to 5, then the profinet station name will be:epower.s5
=] Subnet_Mask_3

=] Subnet_Mask_4 =
=) Default_Gateway_1 Timeout Feature

This parameter is used to setup the profinet device name. If PNDevNum has been previously set to "True" The profinet device name
will be "Epower.PNDevNum"”,

) iy [ i

; g:;::::-g:z::x—i If the communication protocoll used is modbus or modbus TCP: This parameter is the timeout value for the comms. The supervision
m DaFaull:Gaxeway:é system must read this value on a regular time base to reload the timeout. If this does not happen, the Faultdet.CommsStatus will be
Pref_Msti_IP_1 set to 1 (Timeout). Any access to the Fieldbus /O Gateway will also reset the timeout. Setting this value to 0 in that case will

] Pref_Mstr_IP_2 completly disable the Timeout Feature,

Pref Mstr_IP_3
Pref_Mstr_IP_4 il Timeout in PNDevNum value
ShowMac
MAC1
MAC2
MAC3 I
MAC4 20 12000
MACS I
MACE 54 32000
Network
Occupied_Stations
Network_Version More User Comms parameters
Extension_Cycles
[E) NetStatus

(8] PNinitMode
= R

+ @ RmiPanel

= @ Control v

10 6000

) [ (&

Figure 1-3: Timeout Parameter
Timeout operates as follows:

A counter is made to operate:-

e Ifthereis an I0/gateway access. The counter is reloaded with the timeout value entered in
‘Comms.User.PNDevNum'. ‘Faultdet.CommsStatus’ is set back to 0.

e Ifthereis an acyclic modbus read request on the parameter ‘Comms.User.PNDevNum'. The counter is
then reloaded with the timeout value from ‘Comms.User.PNDevNum'. ‘Faultdet.CommsStatus’ is set
back to 0.

As the counter reaches zero, ‘Faultdet. CommsStatus’ is setto 1.

The desired timeout is set according to the table below:

Desired Timeout in seconds PNDevNum value
10 6000

20 12000

30 32000
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1.21 Usage

‘Faultdet. CommsStatus’ can be wired directly to the ‘SetProv.SPSelect’ of the setpoint provider block which
allows a fallback value to be used in case of loss of communication.

| e sTMULATION Device1 - GraphicalWiring
N N EEEE R A E
Ta

Faultdet :
rerzliok ;,.-}.-;,;.-.-u-

AnyMetwdll . © Ll

o Control 1 o
o |Main Py Diag.Status| - - - -

= Limit. PV1 Disg. PAOPF——

Limit. SF1

Coooom ul B ul

Figure 1-4: Example of wiring using Modbus Timeout Parameter
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2. CHAPTER 2 INTRODUCTION

This handbook is written for those people who need to use a digital communications link and Modbus, (Jbus),
DeviceNet®, Profibus, Modbus TCP (Ethernet), EtherNet/IP™ or CC-Link communication protocols to supervise
EPower controller power management and control units.

Chapter 1 describes parameter additions in firmware version 3.05

Chapter 2 provides general information on standards, cabling and electrical connections.
Chapter 3 gives connector and wiring details for a serial link

Chapter 4describes Modbus RTU and Jbus protocols.

Chapter 5 covers advanced topics such as access to full resolution floating point data and user interface
permissions.

Chapter 6describes Ethernet (Modbus TCP)

Chapter 7describes Profibus

Chapter 8 describes DeviceNety

Chapter 9describes EtherNet/IP™

Chapter 10 describes CC-Link

Chapter 11 describes PROFINET

Appendix A Warning - Continuous writing to parameters and Integer Scaling
Appendix B is a Glossary of Terms.

Appendix C lists ASCIl codes.

© This symbol indicates a helpful hint whenever it appears.

2.1 JBUS V MODBUS

. Modbus is a serial communications protocol and is a registered trademark of Gould Modicon Inc.
Jbus differs from Modbus in that the parameter addresses are displaced by 1.

. The two protocols use the same message frame format.

. There is a total of 16 Modbus and Jbus function codes but EPower controller units use a subset - that is
3,4, 6 and 16.

. In this document reference will be made to Modbus, however all information applies equally to Jbus.

2.2 REFERENCES

Refer to the documents and links below for further information;

Gould Modbus Protocol Reference Guide, PI-MBUS-300
April Jbus Specification
EIA Standard  Interface Between Terminal Equipment and Data EIA232 is not supported in the current
EIA232-C Communication Equipment Employing Serial Binary Interchange  version of EPower controller
EIA Standard Electrical Characteristics of Generators and Receivers for use in In this manual referred to as EIA485
EIA485 Balanced Digital Multipoint Systems
EIA Standard  Electrical Characteristics of Balanced Voltage Digital Interface EIA422 is not supported in the current
EIA422 Circuits version of EPower controller
HA179769 The User Guide describes how to install, wire, use and configure Can be downloaded from
the units. It also lists Modbus parameter addresses. www.eurotherm.com.uk
HA026230 Series 2000 Communication Handbook Can be downloaded from
www.eurotherm.co.uk
KD485 Installation and Operation Handbook Supplied with the KD485 unit
iTools This is a software package for configuring Eurotherm
instruments. EPower controller units may be configured using
iTools from version 7.00.
EtherNet/IP ODVA Technologies: EtherNet/IP Library www.odva.org.
CC-Link CC-Link Partner Association www.cc-link.org.
DeviceNet ODVA Technologies: DeviceNet Library www.odva.org.
Profibus Profibus DP www.profibus.com.
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2.3

EIA232, EIA422 AND EIA485 TRANSMISSION STANDARDS

Serial communications for Modbus RTU, is performed using EIA485 only in the current version EPower
controller units. However, other instruments in the Eurotherm range support other standards and it is
appreciated that it may be necessary to use EPower controller units in existing installations using other
standards. These are discussed below.
The Electrical Industries Association, (EIA) introduced the Recommended Standards, EIA232, EIA485 and
EIA422 (formerly RS232, RS485 and RS422). 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 EIA232C EIA485 3-Wire EIA485 5-Wire (EIA422)
Transmission mode Single ended One or Two Pairs of wires. Differential Mode. Half | Differential Mode using

+12volts nominal
(3v minimum 15V
maximum)

duplex - communication occurs in both directions
but not at the same time. Typically once a unit
begins receiving a signal it must wait for the
transmitter to stop sending before it can reply.

two pairs of wires. Full
duplex - allows
communication in two
directions simultaneously.

Electrical connections

3 wires, Tx, Rx and
common

3 wires, A, B and C (Common)

5 wires. A", B', A, BandC.

No. of drivers and 1 driver 1 driver 1 driver
receivers per line 1 receiver 31 receivers 10 receivers
Maximum data rate 20k bits/s 10M bits/s 10M bits/s
Maximum cable 50ft, (15M) 4000ft, (1200M) 4000ft, (1200M)

length

Note 1: EIA232C is abbreviated to EIA232 in this manual. The EIA232 standard allows a single instrument to be
connected to a PC, a Programmable Logic Controller, or similar devices using a cable length of less than 15M.

Note 2: The EIA485 standard allows one or more instruments to be connected (multi-dropped) using a three
wire connection, with cable length of less than 1200M. 31 Instruments and one driver may be connected in this
way. EIA485 is a balanced two-wire transmission system, which means that it is the difference in voltage
between the two wires that carries the information rather than the voltage relative to ground or earth. One
polarity of voltage indicates logic 1, the reverse polarity indicates logic 0. The difference must be at least
+200mV but any voltage between +12 and -7 will allow correct operation. Balanced transmission is less prone
to interference or pickup and should be used in preference to EIA232 in noisy environments. Although EIA485
is commonly referred to as a ‘two wire’ connection, a ground return/shield connection is provided as a
‘common’ connection for EPower controller units, and in general this should be used in installations to provide
additional protection against noise.

Note 3: The 3-wire EIA485 should be used where possible for new installations where multi-drop capability is
required.

Note 4: Some instruments use a terminal marking that is different from that used in the EIA485 standard. The
table below compares this marking.

EIA485 3-Wire Instrument EIA485 5-Wire Instrument
standard standard
A RX+ RxA
B' RX- RxB
A A+) Rx A TX+ TxA
B B(-) Tx B TX- TxB
C Common Common (Com) c&cC' Common (Com) || Common (Com)
(Com)

Note 5: EPower controller units operate in a half duplex mode that does not allow the simultaneous
transmission and reception of data. Data is passed by an alternating exchange.

Note 6: Most PC's provide an EIA232 port for digital communications. The KD485 Communications Interface
unit is recommended for interfacing to EIA485. The limitation of 32 devices is overcome by splitting larger
networks into segments that are electrically isolated. The KD485 may be used to buffer an EIA485 network
when it is required to communicate with more than 32 instruments on the same bus. It may also be used to
bridge 3-wire EIA485 to 5-wire EIA485 network segments. Should it be necessary to integrate EPower
controllers into an existing system using 5-wire EIA485 the Series 2000 Communications Handbook shows
details of recommended wiring. See section 3.2.1 for wiring information for this unit, or refer to KD485
Installation and Operation Handbook.
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24 CABLE SELECTION

This section provides general information regarding the type of cable which should be used in a serial

communications system.

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

e Lessthan 100 ohm / km nominal dc resistance. Typically 24 AWG or thicker.

e Nominal characteristicimpedance at 100 kHz of 100 ohms.

e Lessthan 60 pF/ m mutual pair capacitance, (the capacitance between two wires in a pair).

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

e Use twisted pair cables with screen.

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.

The following list is a selection of cables suitable for EIA485 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 No | Description

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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2.5 WIRING GENERAL

Route communications cables in separate trunking to power cables. Power 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 not 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.

220Q terminating 2200
resistor on first device Shielded twisted terminating
(e.g. KD485 converter) pair cables resistor on last
v v device in chain
______ Val T VAN A

. * C A B _ * A *C A B Terminal Cis
Single ground M (G R T SlInterim (Com Rx Tx) (Com Rx Tx) I
see section 2.7. devices = usually an
. . . isolated OV of
Device 1 Device N-1 Last Device N the local
device
< Daisy chain devices one to the next >

* On some devices a terminal may be supplied for
connection of the shield. Omit this link if the terminal is not
available.

Figure 2-1: Generic Principle for Interconnecting 3-wire (+ screen) EIA485 Compliant Communication Hardware

2.6 PRECAUTIONS

In some installations, where excessive static build up may be experienced, it is advisable to add a high value
resistor (1MQ, for example) between the common connection and ground. For EPower units a bleed resistor of
2MQ is already built into every communications port so that this external resistor is not necessary.

© EPower controller units are interconnected using RJ45 connectors. The interconnection cable must be
fitted with plugs which have an outer metallic enclosure coupled to the screen of the cable (i.e. the
metallic body is crimped to the wire screen). Suitable cables are available from Eurotherm as detailed
in section 3.2.

2.7 GROUNDING

The EIA standard suggests that both ends of the cable shield be connected to safety ground (earth). If such a
course is followed, care should be taken to ensure that differences in local earth potentials do not allow
circulating currents to flow. These can not only induce large common mode signals in the data lines, resulting in
communications failure, but can also produce overheating in the cable. Where doubt exists, it is recommended
that the shield be grounded (earthed) at only one point. The wire length (shield to ground) should be kept as
short as possible. Further information may be found in the EMC Installation Guide part number HA025464
which may be downloaded from www.eurotherm.co.uk.
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3.

CHAPTER 3 DIGITAL COMMUNICATIONS HARDWARE

Serial communications is provided by different modules which may be fitted into the comms slot. Pinouts for
the various protocols are shown below:

3.1
3141

3.1.2

COMMUNICATIONS PINOUTS

Modbus RTU
_ Green - Pin |glgnal (5IA485)
@) eserve
7 Reserved
gl | 6 N/C
S 5 N/C
: & 4 N/C
n | 5 3 Isolated OV
2 2 A
8 [T | a
(o) 1 B
= Internal connections:
LA | Pin 1 to 5V via 100kQ
Pin 2 to OV via 100k
O
L— Yellow LEDs:

Green = Tx activity

Connectors in

Yellow = Rx activity

parallel

Figure 3-1: Modbus RTU pinout

Modbus TCP (Ethernet 10baseT)

Pin Function
8 N/C
7 N/C
Yellow 6 Rx-
o 5 N/C
8 P 4 N/C
S~
0 3 Rx+
m 2 Tx-
1 [a)
) 1 Tx+
= LEDs:
Green Green = Tx activity
Yellow = Network activity

Figure 3-2: Modbus TCP (Ethernet 10baseT) pinout

HA179770 Issue 6 Mar 11
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3.1.3 DeviceNet

Network status LED Indication

LED State Interpretation - -
- Pin Function

Off Off-line or no power -
--------------- o et i 1 V- (negative bus supply voltage)

Steady green | On-line to 1 or more units Networlo
A B 11820 | QIO UNE Status 2 | CANLL

Flashing On-line no connections 3 Cable shiold
green | ab’e shie
Steadyred | Critical ink failure | < |Ce 1AM

Flashing red 1 or more connections g o 5 V+ (positive bus supply voltage)

timed out 'g ° Notes:
3 o 1. See DeviceNet specification for power
Module status LED Indication Q g supply specification

LED State Interpretation ° 2. During startup, an LED test is

Off No power performed, satisfying the DeviceNet
Steady green | Operating normally psyne sranderd

Flashing Missing or incomplete
green_ . _| configuration |
Steadyred || Unrecoverable faultfs) |

Flashing red Recoverable fault(s)

Figure 3-3: DeviceNet connector pinout
3.1.4 Profibus
Operation Mode Led Indication

LED State Interpretation Pin Function Pin Function
off _| Offlineornopower | 9 | NIC 5 | Isolated
Steady green | Ondline, data exchange | ground

Flashing On-line, clear 8 A (RxD-/TxD-) 4 RTS
_Qreen . I o 7 N/C 3 B

Red single Parameterisation error [a) (RxD+/TxD+)
Mash ] 2 6 | +5V(Seenote | 2 N/C

Red double PROFIBUS configuration g 1)

flash error 8 1 N/C

o .
Status LED Indication o ';‘Otles-l R o N
- . lIsolate olts for termination purposes. Any

LED State Interpretation current drawn from this terminal affects the total
off _| No power or not initialised _ | Status power consumption
_Steady green | Initialised | 2. The cable screen should be terminated to the

Flashing Diagnostic event present connector housing
green ]

Steady red Exception error

Figure 3-4: Profibus connector pinout

HA179770
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3.1.5 EtherNet/IP
LED Status Indication
A test sequence is performed on these LEDs during startup.
MS Module Status LED NS Network Status LED
Off No power Off No power or no IP address
"Green | Controlled by a scannerinthe | ‘Green | On-line, one or more connections |
oo JRunstate | || o ___] _established (CIP Class 10r3) |
Green Not configured or scanner in Idle NS Green On-line, no connections
Mashing | state . O Mashing | established |
Red Major fault (EXEPTION-state, Red Duplicate IP address, FATAL error
e | FATALerrorete) | Y | I ]
Red Recoverable fault(s) E Red One or more connections timed out
flashing E flashing | (CIP Class 1 or 3)
w
LED Status Indication E
LINK Link/Activity LED
Off No link, no activity LINK O
‘Green | Link established | Lo

Activity

Figure 3-5: EtherNetl/P connector pinout

3.1.6 CC-Link

LED Status Indication

RUN LED Interpretation
Off No network participation,
S _| timeout status (no power) __|
Green Participating, normal
_______________ _|operation _ . ___|
Red Major fault (FATAL error)
LED Status Indication
ERROR LED Interpretation
Off No error detected (no
_______________ jpowen ]
Red Major fault (Exception or
_______________ | FATALeveny) ]
Red, flickering | CRC error (temporary
________________ flickering) _ _ .|
Red flashing Station number or Baud
rate has changed since
startup

CC-Link

(o2l

RUN

o
o
o
o
o

O

ERR

Pin | Signal Comment

1 DA Positive EIA485 RxD/TxD
2 DB Negative EIA485 RxD/TxD
3 DG Signal ground

4 SLD Cable shield

5 FG Protective earth

Figure 3-6: CC-Link connector pinout

HA179770
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3.1.7

PROFINET
LED Status Indicati

on

NS (Network status) LED. A test sequence is performed on this LED during startup.

Flashing Green

LED state Description Interpretation
Off Offline - No power
___________________ Ao _.__.__|:Noconnectionwith /O Controller _ _ __ _
Steady Green Online (RUN) - Connection with I/O Controller established.

Online (STOP)

- 1/O Controller in ‘Run’ state.

- Connection with I/O Controller established.
- 1/O Controller in ‘Stop’ state.

LI

NK LED

LED state

Description

Interpretation

Flashing Green

No link

Activity

- No link
- No communications present

PROFINET 10

@)

-
z
x

O

=
(7]

- Ethernet link established

- No communications present

- Ethernet link established
- Communications present

MS (Module status) LED.

A test sequence is performed on this LED during startup.

Red, four flashes

Internal error

LED state Description Interpretation
of | Notinitialised | - -No power orthe modulelisin 'SETUP or NW_INIT'state
Green Normal operation - The module has shifted from the 'NW_INIT' state

- The module has encountered a major internal fault

Fi

gure 3-7: PROFINET connector pinout

HA179770

Issue 6 Mar 11



EPOWER DIGITAL COMMUNICATIONS HANDBOOK

3.2 WIRING 3-WIRE EIA485

The EIA485 standard allows one or more instruments to be connected (multi dropped) using a three wire
connection, with cable length of less than 1200m. 31 instruments and one master may be connected. The
communication line must be daisy chained from device to device and two RJ45 sockets are provided on each
EPower controller unit to simplify this (see section 3.1.1).

(1) Suitable cables are available from Eurotherm and can be ordered as:
2500A/CABLE/MODBUS/RJ45/RJ45/0M5  Cable 0.5 metres long

2500A/CABLE/MODBUS/RJ45/RJ45/3M0  Cable 3.0 metres long

The plugs fitted to these cables are provided with an outer metallic shell which is connected to the wire screen

of the cable. This type of cable must be used for EMC compliance.

(2) All network communications lines must be terminated using the appropriate impedance as shown in

Figure 2-1. To simplify installation a plug-in line terminator is available, order code
2500A/TERM/MODBUS/RJ45 which can be plugged into the free socket in the last EPower controller unit in the
chain. This provides correct terminating resistor values for CAT-5 cable.

The terminator is shown below:-

N

Moulding
< colour
Black
T D .
15

Figure 3-8: Line termination for Modbus

The moulding for the Modbus terminator is coloured BLACK.

(3) To use EIA485, buffer the EIA232 port of the PC with a suitable EIA232/EIA485 converter. The Eurotherm
Controls KD485 Communications Adapter unit is recommended for this purpose. The use of a EIA485 board
built into the computer is not recommended since this board may not be isolated, which may cause noise
problems or damage to the computer, and the RX terminals may not be biased correctly for this application.
Either cut a patch cable and connect the open end to the KD485 converter or, using twin screened cable as
detailed in section 2.4, crimp an RJ45 plug on the EPower controller end.

The PC serial port may be either 9 pin (most common) or 25 pin. The table below lists the correct connections
for either of these ports.

Standard Cable PC socket pin PC Function Instrumen Instrument
Colour no t Terminal Function

*9 pin | 25 pin
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

4 8 terminal ready

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

5 Clear to send

Screen 1 Ground
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3.21

Interconnection Diagram 3-Wire EIA485

Example 1:- Two EPower controller units are connected to a PC via a KD485 communications converter.

The interconnecting cables between EPower controllers use RJ45 to RJ45 cables (1) as described in section 3.2.
They should be fitted with plugs provided with an outer metallic shell with the shell connected to the wire
screen of the cable. This type of cable must be used to maintain EMC compliance.
To connect an EPower controller to the communications converter an RJ45 to open end cable is required. It
may be convenient to cut a standard RJ45/RJ45 cable in order to connect it to the KD485 terminals. In this case

make sure that the shield is connected to ground (chassis) with a connection as short as possible to the
convertor (see also section 2.7).

Pin numbers for 9

220 ohm terminati

on

resistor on the Rx of the

converter unit

; ; Port 1
pin serial comms
port connection to EIAZ32 - o o
PC h n_2m
[ B )
@) -
2(RX) (™ —— 1
8 o ) \ ™ lrl__‘\”' o M
OH Rx = A Q==
@) o RJ45 pin (2)
o 6 |Com numbers
O 5 (Com) (0] O
KD485 RJ45 pin
Tov - terminal | number
Power Supply 2 and 4 1 EPower EPower
n +12V Tand3 2 MODBUS/RTU  MODBUS/RTU
an Module Module
Type KD485 converter 6 3 Address 1 Address n

(1) RJA5 Patch cables

(2) Modbus Terminator (see previous section)

(3) The KD485 Installation and Operation Handbook supplied with the unit provides further connection and
configuration details.

Figure 3-9: EIA485 Three Wire Interconnections (EPower controller units only)

Example 2:- Itis also likely that other units such as 3500 controllers may also be required on the network. The
diagram below shows an example of a 3000 series instrument connected to the above network. Instruments
may be connected at any point in the network but daisy chaining, grounding of the shield and correct line
terminations (Figure 3-10) should be observed.

ePower ePower
MODBUS/RTU MODBUS/RTU
220 ohm termination resistor Module Module
on the Rx of the converter unit Address 1 Address n
Eﬁzzszs l o o 3000 series instrument
NN 2(A) RJ45 pin
[ | !1 B (1) numbers
EIA232 § \ " 1) —
connection [Pp—— j_ 3(0V) 3OV HD Commeon
stoPCas = 4 2 (ATTN. HERx A(+)
shown
above RJ45 pin (1) HF Tx B(-)
numbers o o 1(B)

|
220 ohm termination
resistor on last unit in
the chain

Type KD485 converter ©

Figure 3-10: EIA485 3-wire (EPower controller and Series 3000 units)

It is also possible that EPower controller units are to be used in existing installations which already use other
transmission standards such as EIA422 (EIA485 5-wire). If this is the case refer to the 2000 Series
Communications Handbook, HA026230 for further wiring details.
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3.3 ITOOLS

iTools is a software configuration package which is supplied on a CD with EPower controller units. Details of
iTools can be found in the iTools Help Manual Part No. HA028838 which is available on the CD or may be
downloaded from www.eurotherm.co.uk.

h

With iTools loaded on the PC and the address, baud rate, parity and delay set appropriately, press = 280
EPower controller units connected to the PC will be detected and displayed generally as shown below.

File Device Explorer Yiew Options Window Help

Bﬁ-ﬂ@h%ﬁX‘@

Mew File  Open File Load Save Print Scan Add Remove

Q . 8 .

igws Help

@ Graphical Wiring BB Parameter Explorer 8] Fieldbus I}0 Gateway ﬁ Device Panel é&} Watch/Recipe m User Pages M OPC Scope =@ iTools Secure

() Pepower.149-121-133-162-502-1001 | | epower.149-121-133-162-502-1D001-EPower. - Parameter Explorer (I0.Digital. 1)
- =
e e l 2| | Name | Description | Address| Yalue| ‘wired From
¥, IO Type Specify the digital 10 type 1368 IpContact [1] ~
B l & Typ |Specify the digital Dbype | a[_Ip
= Browse @ find & Invert Irvert the sense of the digital 10 1369 Mo (0] =
=-E3 10 Py Pracess variable 1371 0
. =1 Digital e ag/al Measured valus 1370 o
B-E1

4 Type

10 Digital.1 - 4 parameters

-] Diag

=

over.143-1.21-133-162-502- D001 -EPow

Level 2 (Engineer) EPawer v, 2,00 epower, 149-121-133-162-502-1D001 -EPawer - Parameter Explorer (10, Digital. 1)

© The version of iTools supplied with the EPower controller unit will correspond with the firmware version of
the EPower controller unit. In the event that a later firmware version of EPower controller is used with an older
version of iTools the instrument view may display three question marks (???). This shows that the unit has been
detected but that the versions do not match. This may generally be solved by downloading the latest copy of

iTools from www.eurotherm.co.uk.
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3.4 MODBUS PARAMETERS

The following parameters are available. They may be viewed/set in the Engineer Level or Configuration Level.
The procedure is described in the EPower controller User Guide HA179769.

3.4.1 Comms Identity
Read only in all levels. Displays the type of communications board fitted, i.e. RS-485 (EIA485).

3.4.2 Protocol
Read only in all levels. Displays the transmission protocol, i.e. Modbus

3.4.3 Unit Address

Each EPower controller slave must have its own unique address. Read/Write in Engineer and Configuration
levels, the settable range is 1 to 254.

3.4.4 Baud Rate

Read/Write in Configuration level. The baud rate of a communications network specifies the speed at which
data is transferred between the instrument and the master. Generally the baud rate should be set as high as
possible to allow maximum speed of operation. This will depend to some extent on the installation and the
amount of electrical noise the communications link is subject to. EPower controller units are capable of reliably
operating at 19,200 baud under normal circumstances and assuming correct line termination, see section 3.2.
Although the baud rate is an important factor, when calculating the speed of communications in a system it is
often the 'latency' (section 4.20) between a message being sent and a reply being started that dominates the
speed of the network. This is the amount of time the instrument requires on receiving a request before being
able to reply.

For example, if a message consists of 10 characters (transmitted in 1T0msec at 9600 Baud) and the reply consists
of 10 characters, then the transmission time would be 20 msec. However, if the latency is 20msec, then the
transmission time has become 40msec. Latency is typically higher for commands that write to a parameter than
those that read, and will vary to some degree depending on what operation is being performed by the
instrument at the time the request is received and the number of variables included in a block read or write. As
arule, latency for single value operations will be between 5 and 20 msec, meaning a turnaround time of about
25-40msec.

If throughput is a problem, consider replacing single parameter transactions with Modbus block transactions,
and increase the baud rate to the maximum reliable value in your installation.

All units in a system must be set to the same baud rate. Most SCADA packages will automatically adjust to the
baud rate set in the slaves but if this is not the case set the baud rate to match that set in the package.

The settable range is 4800, 9600, 19,200.

3.45 Parity

Read/Write in Configuration level. Parity is a method of ensuring that the data transferred between devices has
not been corrupted. Itis the lowest form of integrity in the message and ensures that a single byte contains
either an even or an odd number of ones or zeros in the data.

In industrial protocols, there are usually layers of checking to ensure that the first byte transmitted is good and
then that the message transmitted is good. Modbus applies a CRC (Cyclic Redundancy Check, see section 4.9)
to the data to ensure that the packet of data is not corrupted. Thus there is usually no benefit in using odd or
even parity, and since this also increases the number of binary bits transmitted for any messages, it decreases
throughput.

Value Options:-

NONE (0): No Parity Enabled. This is the normal default setting for Eurotherm instruments.

EVEN (1): Even Parity

ODD (2): Odd Parity

(0), (1) or (2) indicates the enumeration of the value.

3.4.6 Delay

Read/Write in Configuration level. Tx Delay Time. In some systems it is necessary to introduce a delay between
the instrument receiving a message and making its reply to ensure a guaranteed gap

For example, this is sometimes needed by communications converter boxes which require a period of silence
on the transmission to switch the direction of their drivers.

Value Options:- OFF (0): No delay; ON (1): Set this variable to 'On' to insert a guaranteed 10msec delay
between the transmission being received and the response being made.
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4. CHAPTER 4 MODBUS AND JBUS PROTOCOL

This chapter introduces the principles of the Modbus and JBus communication protocols. Note that in EPower
controller units, these two protocols are identical but the J-bus address is displaced by "1’ relative to Modbus.
Both will be referred to as Modbus for the descriptions that follow.

4.1 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;

Modbus Master

Modbus Master

EIA232

Modbus Slave 1 Modbus Slave 1 Modbus Slave N

Figure 4-1: Single Serial Link Multi Drop Serial Link

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.

. EPower controller supports a subset of Modbus function codes.

The data will include instrument parameters referenced by a 'parameter address'

. 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 communication 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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4.2 TYPICAL TRANSMISSION LINE ACTIVITY

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

ACTIVITY

Master To slave 1 4® To slave N 4® Broadcast
Slave 1 —( : Y Reply

Slave N @ Slave 2

° @Q

Network Master Slave] Maister Slave2 Master
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.

Figure 4-2: Modbus Timing Diagram

For a definition of the time periods required by the network, refer to 'Wait Period' in section 4.18 'Error
Response'.

4.3 DEVICE ADDRESS

Each slave has a unique 8 bit device address. The Modbus Protocol defines the address range limits as 1 to
247. EPower controller units support an address range of 1 to 254.

4.4 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 16 bit parameter address.

The Modbus parameter address range is 0001 to FFFF..

Parameter addresses for EPower controller units is given in the User Guide HA17969.

4.5 PARAMETER RESOLUTION

Modbus (and JBus) protocol limits data to 16 bits per parameter. This reduces the active range of parameters
to 65536 counts. In EPower controller units this is implemented as -32767 (8001h) to +32767 (7FFFh).

The protocol is also limited to integer communication only. EPower controller units allow full resolution. In full
resolution mode the decimal point position will be implied so that 100.01 would be transmitted as 10001. From
this, and the 16 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.

EPower controller units provide a special sub-protocol for accessing full resolution floating point data. This is
described in Chapter 5 of this manual.

4.6 READING OF LARGE NUMBERS

Large numbers being read over digital communications are scaled. For example, Setpoint can have the
maximum value of 99,999 and is read as nnn.nK or 100,000 = 100.0K and 1,000,000 = 1000.0K.
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4.7 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 Modbus (and JBus) Protocols define a mode of transmission for both ASCIlI and RTU modes of transmission.
EPower controller units only support the RTU 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 EPower controller units 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 dé d5 d4 d3 d2 d1 d0 | Parity | Stop
bit even bit

4.8 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 Modbus and Jbus:

Frame Start Device Address | Function Code Data CRC EOT
3 bytes 1 byte 1 byte n bytes 2 byte 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.

HA179770 Issue 6 Mar 11 23



EPOWER DIGITAL COMMUNICATIONS HANDBOOK

4.9 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. EPower
controller units 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 (@) 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 AO01 hex and return the result to

the CRC register.
4a If the overflow flag is 0, repeat step 3.
Repeat steps 3 and 4 until there have been 8 shifts.
Exclusive OR the next 8 bit byte of the message with the high order byte of the CRC register.

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.

The flow chart below illustrates this CRC error check algorithm.

N O~ an

The '®' symbol indicates an 'exclusive OR' operation. 'n' is the number of data bits.

START
v

| FFFFh - CRC Register |

|

v

CRC Register @ next byte of the message = CRC Register

0-+n

N
| Shift CRC Register right one bit |

NO
Overflow?
YES l
CRC Register ® A001h =+ CRC Regjister

NO

n>77?

YES

CRC Register ® A001h =+ CRC Regjister

NO

Is message complete?

YES

Figure 4-3: CRC Flow Chart
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4.10 EXAMPLE OF A CRC CALCULATION

This example is a request to read from the slave unit at address 02, the fast read of the status (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 111 1111 1110 1
A001 1010 0000 0000 0001
Exclusive OR (carry = 1) 1101 1111 1111 1111
2nd shift right 0110 1111 1111 1M1 1
A001 1010 0000 0000 0001
Exclusive OR (carry = 1) 1100 1111 1111 1110
3rd shift right 0110 0111 1111 1111 0
4th shift right (carry = 0) 0011 0011 1111 1111
A001 1010 0000 0000 0001
Exclusive OR (carry = 1) 1001 0011 1111 1110
5th shift right 0100 1001 1111 1111 0
6th shift right (carry = 0) 0010 0100 1111 1111
A001 1010 0000 0000 0001
Exclusive OR (carry = 1) 1000 0100 1111 1110
7th shift right 0100 0010 0111 1111 0
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
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 CRC LSB
02h 07h 41h 12h
0000 0010 0000 0111 0100 0001 0001 0010
T First bit Transmission order Last bit T
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4.11 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 its length, excluding the CRC. Note that the Modbus message will
probably contain ‘NULL' characters and so normal C string handling techniques will not work.

uintl6 calculate crc(byte *z p, uintlé 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 */

uintl6 CRC= Oxffff;
uintl6 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_ptt;
}
crch = CRC / 256;
crcl = CRC % 256
z plz message length++] = crcl;
z plz message length] = crch;

return CRC;
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4.12 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$)
crclé& = crclée& XOR ASC(MIDS (message$, c%, 1))
FOR bit% = 1 to 8
IF crcle& MOD 2 THEN

crcles& = (crcles& \ 2) XOR 40961
ELSE
crcle& = crcles \ 2
END IF
NEXT BITS
NEXT c%

crch% = CRCl6& \ 256: crcl% = CRCl6& MOD 256
message$ = message$ + CHRS (crcl$%) + CHRS (crch%)
CRC = CRCl6&

END FUNCTION CRC
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4.13 FUNCTION CODES

Function codes are a single byte instruction to the slave describing the action to perform.
The following function codes are supported by EPower controller units:

Function code Function

03 or 04 Read n words
06 W