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Proper system design is required for reliable and safe operation of distributed con-
trol systems incorporating Babel Buster series modules and other such devices. It
is extremely important for the user and system designer to consider the effects of
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of any monitoring or control application. This is especially important where the
potential for property damage, personal injury, or loss of life may exist. By using
the Babel Buster series module or any other Control Solutions, Inc., product, the
user has agreed to assume all risk and responsibility for proper system design as
well as any consequence for improper system design.
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1. Introduction to Babel Buster

What is Babel Buster? Technically a gateway, it is essentially a “language transla-
tor” or more appropriately, a protocol translator. It translates Modbus protocol to
LonWorks protocol and vice versa. More specifically, it maps Modbus registers to
LonWorks network variables and vice versa.

Modbus registers and LonWorks network variables have this in common: They
are each an individual element of data accessible via a network. A Modbus device
exposes itself to the world via its registers. A LonWorks device exposes itself
to the world via its network variables. The data format of Modbus registers and
LonWorks network variables are not generally interchangeable. Furthermore, the
physical interface is often different.

Babel Buster provides two physical interfaces, one for the Modbus connection,
and one for the LonWorks connection. The LonWorks connection is free topol-
ogy TP/FT-10 operating at 78kbps. There are two versions of Babel Buster, the
485 and the 10/100. Babel Buster 485 provides a Modbus connection having an
RS-485 serial interface operating at 9600 to 38,400 baud, communicating via the
Modbus RTU protocol. Babel Buster 10/100 provides a Modbus connection hav-
ing an Ethernet connection, auto sensing 10BaseT or 100BaseT, and communicat-
ing via the Modbus/TCP protocol.

Babel Buster provides a logical connection between Modbus registers and
LonWorks network variables. All of the most commonly recognized Modbus reg-
isters formats are supported. On the LonWorks side, all scalar LonMark standard
network variable types (SNVTs) are supported. Structures and enumerations are
not supported, with the exception of SNVT _switch, SNVT lev_disc, and SNVT _
state which are supported.



2. Modbus Master, Slave, and Client/Server

Modbus protocol is defined as a master/slave protocol, meaning a device operat-
ing as a master will poll one or more devices operating as a slave. This means a
slave device cannot volunteer information; it must wait to be asked for it. The
master will write data to a slave device’s registers, and read data from a slave
device’s registers. A register address or register reference is always in the context
of the slave’s registers.

Modbus/TCP makes the definition of master and slave less obvious because Eth-
ernet allows peer to peer communication. The definition of client and server are
better known entities in Ethernet based networking. In this context, the slave be-
comes the server and the master becomes the client. There can be more than one
client obtaining data from a server. In Modbus terms, this means there can be mul-
tiple masters as well as multiple slaves. Rather than defining master and slave on
a physical device by device basis, it now becomes the system designer’s responsi-
bility to create logical associations between master and slave functionality.

Babel Buster 485 can operate as a master or a slave, but only in one mode at a
time. The entire gateway is assigned either master or slave functionality. Modbus
register references when operating in slave mode mean a master can access these
registers in the Babel Buster gateway. Modbus register references when operat-
ing in master mode mean the Babel Buster gateway will attempt to access these
registers in the remote slave device.

Babel Buster 10/100 provides both a client and a server which function simulta-
neously. Each functional block is individually assigned master/slave status. As a
server (slave), the Modbus register references define the addresses that a remote
TCP client will use to access that data in the Babel Buster. As a client (master),
the Modbus register references define the addresses that the Babel Buster gateway
will attempt to access in a remote server.

Regardless of whether 485 or 10/100, a functional block operating as a slave will
be a passive member of the Modbus network simply waiting for a master (or
client) to read or write data. A functional block operating as a master will be an
active member of the Modbus network, initiating data transfers as determined by
its configuration. A functional block defined as a master, and associated with a
LonWorks input network variable, will initiate a Modbus data transfer upon each
network variable update, and optionally periodically. A functional block defined
as master, and associated with a LonWorks output network variable, will initiate a
Modbus data transfer periodically at a rate set in configuration properties, and will
update the output network variable according to the send on delta, minimum and
maximum send times, etc., as defined by LonMark functional profiles.



3. Modbus Registers

Commonly used Modbus register formats which are supported by Babel Buster
include the following:

* Bit or Boolean

« Signed or unsigned 16-bit integer

« Signed or unsigned 32-bit integer

* Floating point (single precision IEEE-754 big endian)

Modbus registers defined as 32-bit integer or floating point are “double regis-
ters” meaning they occupy two 16-bit register addresses. If there is a mismatch
in interpretation between the Babel Buster gateway and the Modbus device being
interfaced, data transfer may return half of a floating point value as an integer (re-
sulting in an invalid number), or may write a floating point to two consecutive in-
teger registers (resulting in two invalid numbers). Other invalid combinations are
possible. It is simply necessary to note that the Babel Buster must be configured to
look for and provide the correct register format to avoid unexpected results.

Double registers are sometimes “swapped”. By default, the high order bytes are
expected to be found in the first register and the low order bytes are expected to be
found in the second register. If the reverse is true, double register swapping may
be turned on by setting nciGatewayOpts.bit6 to 1. (Note that “bit6” refers to the
SNVT state definition of bits in which bit0 is the MSB and bit15 is the LSB since
the bits are defined as a structure.)

The types of registers commonly referenced in Modbus devices, and supported by
Babel Buster, include the following:

* Coil (Discrete Output)

* Discrete Input

* Input Register

* Holding Register
Other register types, including memory reference, are defined in the protocol but
not supported by Babel Buster.

Valid address ranges as originally defined for Modbus were 0 to 9999 for each of
the above register types. Valid ranges allowed in the current specification are 0 to
65,535. The address range currently supported by Babel Buster is 0 to 9999.

The address range applies to each type of register, and one needs to look at the
function code in the Modbus message packet to determine what register type is
being referenced. To simplify documentation, an old defacto standard widely rec-
ognized as Modbus is also used in Babel Buster. This defacto standard uses the
first digit of a register reference to identify the register type. A less useful aspect
of this defacto standard is that register references use a 1-based index while ad-
dresses use a 0-based index.



Register types and reference ranges recognized by Babel Buster are as follows:

0x Coil 00001-09999
1x Discrete Input 10001-19999
3x Input Register 30001-39999
4x Holding Register 40001-49999

Translating references to addresses, reference 40001 selects the holding register
at address 0000. The reference 40001 will appear in documentation and is used to
define the Modbus register in the location property of the functional block. The
address 0000 will be transmitted in the message packet. Addresses are not directly
used by the application or the user.

4. Data Translation

Modbus registers are 16-bit or 32-bit integers, or floating point. It is common for
Modbus devices to use integer representation of scaled integers. For example,
68.5 degrees would be recorded as a value of 685 in a register typically docu-
mented with an “x10” notation meaning the value represents 10 times the actual
value.

LonMark Standard Network Variable Types come with all sorts of scale factors.
For SNVT lev percent, a single count represents 0.05%. For SNVT temp, a sin-
gle count represents 0.1 degree Celsius, and is offset by 274 degrees.

To see how data is tracked through the gateway, consider the conversion of
SNVT temp to a 16-bit integer Modbus register. Consider, as an example, a tem-
perature of 21.4 degrees C. This is stored in the SNVT temp in raw binary as
2954. This is stored in the gateway’s internal data buffer as a floating point 21.5.
This will be transmitted to the Modbus register as 21 if the scale factor (SCPT-
gain) is set to 1,1. If the functional block’s SCPTgain is set to 10,1 (denoted as x10
in Modbus documentation), the number transmitted to a 16-bit integer Modbus
register would be 214.

Data being sent to Modbus will be multiplied by the first factor in SCPTgain, and
divided by the second factor, then formatted to the appropriate register type. This
process is reversed when data is retrieved from Modbus. This scale factor is ap-
plied regardless of the format of the Modbus register. Therefore, the scaling will
also be applied to a floating point register even though it is generally unnecessary
to further scale a floating point value. The scale would generally be set at 1,1 (the
default value) for floating point values. Scale factors other than powers of 10 are
mathematically valid, but not commonly used in Modbus register definitions.



5. LonMark
Functional Profiles

Each mapping relationship be-
tween a Modbus register and a
LonMark network variable is de-
fined as either a sensor or an ac-
tuator functional block. By defi-
nition, a LonMark sensor object
derives data from a hardware de-
vice and presents that data to the
LonWorks network via an output
network variable. Conversely, a
LonMark actuator object receives
data from the LonWorks network
via an input network variable and
applies that data to a hardware
device. In the case of Babel Bust-
er, that “hardware device” is any
device with a Modbus communi-
cations port.

Babel Buster sensor object out-
put network variables are named
nvoFromModbus because they
provide data to the LonWorks net-
work which is “From Modbus”.
Babel Buster actuator object in-
put network variables are named
nviToModbus because they pres-
ent data from the LonWorks net-
work “To Modbus”.

Each “FromModbus™ sensor and
“ToModbus” actuator object have
several configuration properties
associated with them. A number
of these properties define behav-
ior which is standard to LonMark
sensor and actuator objects. Ad-
ditional properties are used to de-
fine Modbus behavior specific to
the sensor and actuator objects.

Node Object

Mandatory Network Var
nviRequest
SNVT_obj_request

Optional Network Variab

Implementation Specific Ne
nciGatewayOpts.
SNVT_state
Configuration Propertie:

Optional
cpl17 SCPTlo

cp165  SCPTd
cp166  SCPTd

Open Loop Sensor O

Mandatory Network Var

nvoStatus
SNVT_obj_status
nvoFileDirectory
SNVT_address

nvoFromModbus[30]

SNVT_c

Configuration Propertie

D

ount_f

Optional
cpl7
cp22
cp24
cp27
cp31
cp32
cp33

Implementation Specific
o7 SCPTdefOutput

cp98 SCPTupdateRate
p254  SCPTvType

Open Loop Actuator

Mandatory Network Var
nviToModbus([28]
SNVT_count_f

Configuration Propertie

Optional
op7 SCPTd
cp17  SCPTio
cp32  SCPTo
cp33  SCPTo

Implementation Specific
p31  SCPTgain
cp48  SCPTmaxRcvTime
p98  SCPTupdateRate
254 SCPTvType




The Babel Buster 485 functional block overview is shown here. There is a single
node object, multiple open loop sensor objects, and multiple open loop actuator
objects. Each of these functional blocks have configuration properties associated
with them.

The following objects are implemented in the Babel Buster 485 LonWorks Gate-
way for Modbus/RTU:

0 Node Object

1-30 Open Loop Sensor

31-58  Open Loop Actuator

The node object is implemented per LonMark 3.3 standards. The sensor objects
are used to move data from Modbus to LonWorks. The actuator objects are used
to move data from LonWorks to Modbus. There is a one to one correspondence
between network variables and Modbus registers. Each of these relationships is
defined as a functional block per LonMark 3.3 standards.

6. Node Object
Object Request nviRequest

This network variable is used to request operations to be performed or modes to
be specified for functional blocks within the device. The following requests are
processed by all sensor and actuator objects:

RQ NORMAL

RQ DISABLED

RQ UPDATE STATUS

RQ REPORT MASK

RQ OVERRIDE

RQ ENABLE

RQ RMV OVERRIDE

Functional blocks must be enabled before they will produce data. The “enabled”
status will be retained through power cycles. Override status will also be retained
through power cycles.

Object Status nvoStatus

This output network variable reports the status for any functional block within the
device. The following bit fields, as defined for SNVT obj status, are supported
by Babel Buster:

invalid_id

invalid_request



Node Objeci

Mandatory Network Va
o nviRequest
SNVT_obj_request

Optional Network Varia

nvoStatus
SNVT_obj_status
nvoFileDirectory
SNVT_address

Implementation Specific Netw
nciGatewayOpts
SNVT_state

Configuration Properti

Optional
cpl17 SC
cp165 SC

cp166  SC

\_

disabled
open_circuit
feedback failure
unable to measure
comm_failure
in_override
report_mask

The “invalid request” bit will be set if an attempt is made to change a network
variable to an invalid or unsupported SNVT type. The “unable to measure” bit
will be set if an invalid Modbus register is referenced in the location string of
the respective sensor or actuator object. The “comm_failure” and “open_circuit”
indicate a communications failure in the attempt to connect with the Modbus de-
vice. All other bit fields are used as defined by LonMark standards.



File Directory nvoFileDirectory

SCPT values are accessed via the direct memory read/write file transfer method.
The file directory is implemented as specified by LonMark standards, and is used
primarily by network management tools.

Gateway Options nciGatewayOpts

This network variable, implemented in non-volatile memory, configures gateway
options. The bits select options as follows for the RS-485 port:

bit0 - 9600 baud, N,8,1

bitl - 19,200 baud, N,8,1

bit2 - 38,400 baud, N,8,1

bit3 -

bit4 -

bit5 - Gateway is master if set (master=1, slave=0)
bit6 - Double register swapping enabled if set

bit7 -

The remaining bits are used differently by master and slave. If the gateway is
operating as a master, the following applies:

bit8 - 5 mSec slave response timeout
bit9 - 10 mSec

bit10 - 25 mSec

bitl1 - 50 mSec

bitl2 - 100 mSec (default)

bit13 - 250 mSec

bitl4 - 500 mSec

bitl5 - 1000 mSec slave response timeout

If the gateway is operating as a slave, the following applies:

bit8 - MSB of slave ID (ID defaults to 8)
bit 9 - slave ID

bit 10 - slave ID

bit 11 - slave ID

bit 12 - slave ID

bit 13 - slave ID

bit 14 - slave ID

bit 15 - LSB of slave ID

Note that the bit names in the structure take on the opposite order of binary data
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values, therefore the slave ID appears backwards as documented. If the gateway
is the only Modbus device on the RS-485 network, the slave ID is unimportant
except that it cannot be zero. Otherwise pick any 8-bit number not already used,
and map it to the bit field (e.g., slave ID of 8§ has 0,0,0,0,1,0,0,0 as last 8 bits of
the options bit mask).

The gateway options are implemented as a SNVT state. Therefore bits are ac-
cessed as members of a structure, starting with bit0 appearing first in the sequence
01 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 as it appears in the LonMaker browser.

Node Location SCPTlocation

This configuration property may be used by the system integrator to store physical
location information as desired.

Device Major Version SCPTdevMajVer

This configuration property is read-only, and provides software version informa-
tion for this device as defined by LonMark standards.

Device Minor Version SCPTdevMinVer

This configuration property is read-only, and provides software version informa-
tion for this device as defined by LonMark standards.

7. Open Loop Sensor Object
Data From Modbus nvoFromModbus [30]

This network variable presents data obtained from a Modbus device to the
LonWorks network. The default variable type is floating point SNVT count f,
but may be changed by a network management tool.

To change the SNVT type from the LonMaker browser, right click on the variable
to be changed, and select “Change Type...”. A dialog box will appear allowing the
selection of a new type. It is not necessary to select a “same size” SNVT type.
Any scalar type may be selected. In addition, SNVT state, SNVT lev_disc, and
SNVT switch are supported. The LonMaker browser will automatically change
the corresponding SCPTnvType configuration property. It is not necessary to ex-
plicitly change this property.

9



( Open Loop Sensor C

Mandatory Network Va

nvoFromModbus[30]
SNVT_count_f

Configuration Properti

Optional

cpl17
cp22
cp24
cp27
cp31
cp32
cp33

Implementation Specific

cp?7 SCPTdefOutput
cp98 SCPTupdateRate
cp254 SCPTnvType

Babel Buster software will recognize the SNVT type change when the functional
block is enabled. It should be disabled while changing the type (and the Lon-
Maker browser will do this automatically). Data conversions should be tested by
the system integrator once configured. Overflow and underflow conditions are not
necessarily bounded depending upon the type of conversion being made.

Default Network Variable Level SCPTdefOutput

This SCPTdefltOut configuration property sets the default assumed by the output
network variable when the functional block is overridden to the default value,
or when the gateway has not received the expected response from the Modbus
device. If an error has occurred which is indicated in the object status, the func-
tional block will assume the default level. If maximum send time is non-zero, and
maximum timeout is reached without any update from a Modbus master when
operating in slave mode, a feedback failure error bit will be set and the functional
block will assume the default level. Maximum send time also causes a network
variable update as defined by the LonMark functional profile.
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Scale Factor SCPTgain

This configuration property sets the SCPTgain scale factor for scaling data ob-
tained from the Modbus device. Manufacturers of Modbus devices often define
register contents as X10, X100, etc. To translate these raw values to scaled values,
SCPTgain is applied. If the Modbus register is not scaled, this property should be
setto { 1, 1 } shown as “1/1” in the LonMaker browser. When scaling the data,
the raw value obtained from the Modbus device is divided by the first number in
the SCPTgain set, and multiplied by the second number.

To illustrate its use, suppose the Modbus manufacturer specifies that data in a reg-
ister is presented as X10 meaning the integer value is tenths of degrees. A value of
72.5 degrees would be returned from the Modbus device as 725. To convert this
properly, the SCPTgain should be { 10, 1 } or “10/1” so that 725 is divided by 10
before being converted to a SNVT.

Object Location SCPTlocation

This configuration property (SCPTlocation) is used to define the location of the
Modbus register from which data will be obtained. The 31-character location
string includes both a textual label that is arbitrary, and the identification of the
Modbus register at that location.

The location string is expected to be in the format:
UTNNNNNxLabel

where:
U is a unit number 1..247
T is a register type (see below)
NNNNN s the register reference
X is any non-numeric character
Label is any arbitrary text label

The “xLabel” can be omitted, and may be EOL. A completely empty string will
indicate an unused object that is not disabled, but will not be active.

Register types T recognized by the Babel Buster gateway are as follows, and the
letter shown should be substituted for T in the above format:

S - signed 16-bit U - unsigned 16-bit
D - signed 32-bit E - unsigned 32-bit
F - floating point B - bit/boolean

Register references are recognized in the following ranges for the indicated
Modbus types:
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0x Coil 00001-09999 (master only)

Ix Discrete Input 10001-19999 (master only)
3x Input Register 30001-39999 (master only)
4x Holding Register 40001-49999

Note: Format for nviDataTo SCPTlocation is identical except that only Ox and 4x
references are recognized.

If the location string contains an invalid, unrecognized, or out of range regis-
ter reference when the functional block is enabled via nviRequest, the nvoStatus
(Node Object) will reflect “unable to measure”.

The rate at which the Modbus register is polled for data is specified by SCPTup-
dateRate (see definition that follows).

Maximum Send Time SCPTmaxSndT

This “Send Heartbeat” configuration property sets the maximum period of time
that can expire before the functional block will automatically update the network
variable nvoFromModbus. This is independent of the Modbus update rate.

When operating as a slave (server), this property also specifies the maximum
amount of time that may expire without an update from the master (client)
before the object will assume the default value and flag an error in the object
status.

Minimum Send Time SCPTminSndT

This “output throttling” configuration property sets the minimum period of time
that can expire before the functional block will automatically update the network
variable nvoFromModbus. This is independent of the Modbus update rate.

Network Variable Type SCPTnvType

This configuration property specifies the SNVT type implemented by nvoFrom-
Modbus. It may be any scalar NV type. It is not necessary to match the 4-byte size
of the default SNVT count f. The LonMaker browser will automatically set all
fields of this SCPT when the NV type is changed by right clicking on the NV to
be changed, and selecting “Change Type...” from the pop-up menu. Refer to the
section titled Changing Network Variable Type.
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Override Behavior SCPTovrBehave

This configuration property specifies the override behavior for the functional
block. The object is put into override via nviRequest issued to the Node Object
with this object specified as the object ID. The behavior is defined by SCPTovr-
Behave per LonMark standard. If changed while already in override, RQ_OVER-
RIDE needs to be re-issued.

Override Value SCPTovrValue

This configuration property specifies the override value that will be assumed by
the functional block if override behavior is specified as OV_SPECIFIED. This
property will not be used otherwise. This property inherits the NV type of nvo-
FromModbus.

Send On Delta SCPTsndDelta

This configuration property specifies the minimum change required to force trans-
mission of the output value (update of nvoFromModbus). The property type is
inherited from the type assigned to nvoFromModbus.

Update Rate SCPTupdateRate

This configuration property specifies the polling interval, in tenths of seconds,
defining the rate at which the Modbus device is polled to retrieve data for the
respective functional block. This property defines how often the Modbus register
is polled, not how often the respective LonWorks network variable is updated.
The Modbus register data is qualified by SCPTsndDelta, SCPTminSendT, and
SCPTmaxSendT before the NV is updated.

Traffic on the LonWorks network is throttled by SCPTminSendT and further min-
imized with SCPTsndDelta. Traffic on the Modbus network is set only by SCP-
TupdateRate. Since Modbus is a master/slave polling scheme, Modbus network
traffic can become excessive with a low SCPTupdateRate value. The SCPTupdat-
eRate property has no direct effect on LonWorks network traffic.

8. Open Loop Actuator Object
Data To Modbus nviToModbus [28]

This network variable presents data provided by the LonWorks network to a Mod-

13



K Open Loop Actuator O

Mandatory Network Varia
A nviToModbus[28]
SNVT_count_f

Configuration Properties

Optional
cp7 SCPTdefOutp
cpl17 SCPTlocation
cp32
cp33

Implementation Specific
cp31 SCPTgain
cp48 SCPTmaxRcvTime
cp98 SCPTupdateRate
cp254 SCPTnvType

\_

bus device. The default variable type is floating point SNVT count f, but may be
changed by a network management tool.

To change the SNVT type from the LonMaker browser, right click on the variable
to be changed, and select “Change Type...”. A dialog box will appear allowing the
selection of a new type. It is not necessary to select a “same size” SNVT type.
Any scalar type may be selected. In addition, SNVT state, SNVT lev disc, and
SNVT switch are supported. The LonMaker browser will automatically change
the corresponding SCPTnvType configuration property. It is not necessary to ex-
plicitly change this property.

Babel Buster software will recognize the SNVT type change when the functional
block is enabled. It should be disabled while changing the type (and the Lon-
Maker browser will do this automatically). Data conversions should be tested by
the system integrator once configured. Overflow and underflow conditions are not
necessarily bounded depending upon the type of conversion being made.

Default Output Level SCPTdefOutput
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This configuration property sets the default Modbus register value that is assumed
when the object is disabled, or when overridden to the default value. This default
value is also assumed if the maximum receive time is configured to nonzero, and
the maximum receive time has been exceeded. This property inherits the same
type as the input network variable.

Scale Factor SCPTgain

This configuration property sets the SCPTgain scale factor for scaling data prior
to sending it to the Modbus device. Manufacturers of Modbus devices often de-
fine register contents as X10, X100, etc. To translate these raw values from scaled
values, SCPTgain is applied. If the Modbus register is not scaled, this property
should be set to { 1, 1 } shown as “1/1” in the LonMaker browser. When prepar-
ing data for Modbus, the scaled data is multiplied by the first number, and divided
by the second.

To illustrate, suppose the value 72.5 is to be sent to a Modbus register defined by
its manufacturer as X10, meaning the data in integer form should be sent as 725.
The scale factor SCPTgain should then be { 10, 1 } or “10/1”.

Object Location SCPTlocation

This configuration property (SCPTlocation) is used to define the location of the
Modbus register to which data will be sent. The 31-character location string in-
cludes both a textual label that is arbitrary, and the identification of the Modbus
register at that location.

The location string is expected to be in the format:
UTNNNNNxLabel

where:
U is a unit number 1..247
T is a register type (see below)
NNNNN s the register reference
X is any non-numeric character
Label is any arbitrary text label

The “xLabel” can be omitted, and may be EOL. A completely empty string will
indicate an unused object that is not disabled, but will not be active.

Register types T recognized by the Babel Buster gateway are as follows, and the
letter shown should be substituted for T in the above format:

S - signed 16-bit U - unsigned 16-bit

D - signed 32-bit E - unsigned 32-bit
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F - floating point B - bit/boolean

Register references are recognized in the following ranges for the indicated Mod-

bus types:
0x Coil 00001-09999 (master only)
4x Holding Register 40001-49999

Note: Format for nvoDataFrom SCPTlocation is identical except that 1x and 3x
references are also recognized.

If the location string contains an invalid, unrecognized, or out of range regis-
ter reference when the functional block is enabled via nviRequest, the nvoStatus
(Node Object) will reflect “unable to measure”.

The Modbus register specified for this functional block is updated at the same rate
at which the network variable is updated, and optionally at the resend rate set by
SCPTupdateRate.

Maximum Receive Time SCPTmaxRcvTime

This “receive heartbeat” SCPTmaxRcvTime configuration property sets the maxi-
mum time that can elapse after an update to the network input variable before the
Modbus register will assume the default value. A value of zero (0) disables the
receive failure detect mechanism.

Network Variable Type SCPTnvType

This configuration property specifies the SNVT type implemented by nviToMod-
bus. It may be any scalar NV type. It is not necessary to match the 4-byte size
of the default SNVT count f. The LonMaker browser will automatically set all
fields of this SCPT when the NV type is changed by right clicking on the NV to
be changed, and selecting “Change Type...” from the pop-up menu. Refer to the
section titled Changing Network Variable Type.

Override Behavior SCPTovrBehave

This configuration property specifies the override behavior for the functional
block. The object is put into override via nviRequest issued to the Node Object
with this object specified as the object ID. The behavior is defined by SCPTovr-
Behave per LonMark standard.
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Override Value SCPTovrValue

This configuration property specifies the override value that will be assumed by
the functional block if override behavior is specified as OV_SPECIFIED. This
property will not be used otherwise. This property inherits the NV type of nviTo-
Modbus.

Resend Rate SCPTupdateRate

This configuration property, if set to a nonzero time in tenths of seconds, causes
the functional block to update the Modbus register in the remote server (slave)
periodically in addition to upon input network variable updates. This is only ap-
plicable when the object (functional block) is configured to operate as a master
(client).

9. Getting Started

Verify your wiring before applying power. DO NOT connect AC common to
ground. Doing so will result in damage and failure of the device. Refer to section
13 for wiring examples.

When things don’t work, check the object status by writing RQ UPDATE STA-
TUS to nviRequest and observing nvoStatus for the object in question, or entire
node (object #0). The object status bit summary at the end of section 11 can pro-
vide many clues about failures.

Each mapping of a Modbus register to a LonMark Standard Network Variable
(SNVT) is defined as a LonMark functional profile. Each functional block, or
object, will be disabled by default in the initial state of a Babel Buster gateway.
The following steps need to be taken at a minimum to establish communications
(in addition to obvious things like connecting network and power):

(1) Define the Modbus register mapping by entering the register definition in the
SCPTlocation property of the associated network variable. Do this for each rela-
tionship desired using LonMaker’s browser, or any other network management
tool that provides access to the configuration property file using the direct read/
write file access method.

iFroml.Ic:ﬁ:usiS‘-f i is-‘.!—"'ul-cca:inn iN ilu:EGD'I

(2) Select master or slave mode in nciGatewayOpts. Enter the slave unit ID if
configured to be a slave. Set baud rate for either master or slave. Set timeout if
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configured as a master.

(3) Enable the object(s). This is done by issuing an enable request RQ_ENABLE
to the functional block via the nviRequest found in the node object. The object
status may be observed in nvoStatus also found in the node object. If the Modbus
register reference is not recognized as valid, the object will remain disabled, and
the “unable to measure” bit will also be set in the object status.

iFromr.Ic:s:usie-f i is-‘..ﬂ'ul-cca:inn iN ilu:EGD'I

10. Functional Block (Object) Status

Each of Babel Buster’s sensor and actuator objects maintains its own set of status
bits. These are accessed via the node object’s nviRequest and nvoStatus as defined
by LonMark standards. Object numbers (Object ID) used to access individual
object status are as follows:

0 Node Object
1-30  Open Loop Sensor Objects nvoFromModbus
31-58  Open Loop Actuator Objects nviToModbus

To find the Object ID associated with any particular network variable, you can
use the LonMaker browser to look it up. Right click on the desired variable, and
select “Properties...” from the popup menu. Select the “LonMark™ tab on the
property sheet that appears next. The number shown near the bottom of the page
indicated as “Object Number” is the number to make a note of for use in making
object requests.
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Once you have determined which object number to issue a request to, enter the
object number followed by the request in the edit box at the top of the browser
window, and click on the button to the left (red arrow pointing down). The screen
shot shown here illustrates issuing the enable request RQ ENABLE to object #31
which is nviToModbus[0], or actuator object #1.

Right click on nvoStatus, and select “Monitor” from the popup menu to enable
monitoring of status so that it is updated following each request that is made. The
“Mon” column will indicate “Y”” when monitoring is enabled, “N” if not.

Requests that are honored by Babel Buster include the following:

RQ NORMAL

RQ _DISABLED

RQ UPDATE_STATUS
RQ REPORT MASK
RQ_OVERRIDE

RQ ENABLE

RQ RMV_OVERRIDE

The “Normal” request is the same as issuing both “Enable” and “Remove Over-
ride” (RQ_RMV_OVERRIDE) requests at the same time. All objects default to
disabled until configured and then enabled by RQ_ENABLE or RQ NORMAL.

The status is indicated as:
310,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Bits which are utilized by Babel Buster are indicated as follows:
31 a,b,c,0,d,0,0,¢,0,0,0,f,2,0,0,0,0,0,h,i,0,0,0,0
where ‘0’ will always be returned as zero, and bit positions labeled will be set to
1 (one) when the following conditions are true:
a—invalid id: Object ID was invalid, e.g., object #70 does not exist
b —invalid request: Unsupported SNVT type change requested
¢ — disabled: Object is disabled
d — open_circuit: Timeout, no response received from slave (5 tries)
e — feedback failure: Timeout, no poll from master
f—unable to measure: Modbus register reference invalid
g —comm_failure: Modbus exception code
h —in_override: Object is in override state
i—report_mask: Set to indicate this value is a report mask

The open_circuit fault is only flagged after 5 tries and 5 consecutive timeouts
waiting for a response from the slave. Intermittent timeouts will be disregarded.
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A separate copy of the object bit mask is maintained for each object, or in this
case, for each mapping of a LonWorks network variable to a Modbus register.

To check the object status without making changes, simply issue an update re-
quest by entering 10,RQ_UPDATE_STATUS in nviRequest. (Object 10 used as
an example here, you should use whatever object you wish to check.)

When the network variable type of an object is changed using the LonMaker
browser, the object will be disabled first, then re-enabled after the change. Upon
receiving the object enable request, the functional block will check its network
variable type. If it has been changed to an invalid (unsupported) type, it will be
restored to its previous type, and the invalid request bit will be set in the object
status.

11. Changing Network Variable Type

Network variables for sensor and actuator object values (nvoFromModbus and
nviToModbus) default to SNVT count_f, but can be changed using LonMaker (or
appropriate network management tool). Using the LonMaker browser, right click
on the network variable to be changed. Select “Change Type...” from the menu.
A screen shot of the dialog box that appears follows:
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Change Network Variable Type

HNetwork Variable Name: Type Name:
l nviTolodbus_9 | SNVT_count_f 0K

[V Standard Network Variable Type I” Display types of same size only! Cancel

Type Files: Apply

il §

cA\LonWorks\Types\STANDARD.TYP

Help

Type List

SNVT_abs_humid il
SNVT_address

SNVT_alarm

SNVT_alarm_2

SNVT_amp

SNVT_amp_ac

SNVT_amp_f

SNVT_amp_mil

SHVT annle L’

The check box labeled “Standard Network Variable Type” must be checked. The
check box labeled “Display types of same size only” does not need to be checked.
Select the desired network variable type, and click Apply or OK.

Once the network variable type has been changed, check the object’s status. If the
selected type is not supported by Babel Buster, the invalid_request bit will be set,
and the object will be disabled.

SNVT types that are supported by Babel Buster include all scalar types such as
signed or unsigned integer (8-bit, 16-bit, 32-bit), or floating point. In addition,
SNVT switch, SNVT lev_disc, and SNVT state are provided with special case
translation. Enumerations and structures other than state and switch are not sup-
ported.

SNVT switch is translated as follows: When converting to SNVT switch, the
value is bounded to 0..100%, and state set to 1 if value is nonzero. When convert-
ing from SNVT switch, the intermediate value is set to zero if the state is zero,
otherwise the intermediate value is set to the SNVT _switch value field.

SNVT lev_disc is translated as follows: When converting from SNVT lev
disc, the value is set to the following: ST OFF=0, ST LOW=25, ST MED=50,
ST HIGH=75, ST _ON=100. When converting to SNVT lev_disc, the value is
bounded at 100, then divided by 25 and truncated to an integer in the range of 0
to 4 (ST_OFF to ST ON).
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SNVT state is translated as follows: When converting to SNVT state, the value
is converted to unsigned 16-bit binary, and placed in SNVT state. Note that since
SNVT state is defined as a structure, but is converted as a 16-bit binary number,
the structure’s bit0 is the most significant bit (MSB) of the binary number and the
structure’s bitl5 is the least significant bit (LSB). The process is simply reversed
when converting from SNVT state.

Scalar types are converted according to the scale factors set in theSCPTnvType
configuration property. These factors will be set automatically if the change is
made via the LonMaker browser. The scale factors are assumed to be 1,1,0 for
floating point types, but vary for other integer types that are more application
specific. In conjunction with applying the scale factors to non-floating point types,
the type category is used to make data size conversions on scalar types.

12. Power Supply & Network Wiring

Babel Buster includes a TP/FT-10 (FTT-10) free topology 78k baud transceiver.
Network wiring should be per LonWorks guidelines for the TP/FT-10 channel.

Babel Buster will operate from 12-24VAC or 10-30VDC. Power supply wiring
differs depending on whether AC or DC power is provided. The AC is rectified
by a bridge type rectifier. Therefore AC power inputs must not be grounded. The
following diagrams illustrate power wiring options.
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The RS-485 network is connected via an RJ-45 connector that follows Modbus
specification pin-out as illustrated below. Standard Ethernet patch cords can be
used for interconnect cables.

1 8

8
Common —]
DO (A) |
D1(B) — |

Front
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13. Front Panel Operation & LED Indications

The Babel Buster 485 front panel is shown below. The “install” button is the stan-
dard Neuron Chip service button used to commission the node. SVC is the green
LED on the top left, and behaves as specified for the standard Neuron service pin
LED.

The green LED on the lower right, labeled WK, is the “wink” LED as commonly
referred to in LonWorks terminology. It will normally be on, blinking off briefly
once every 5 seconds. This is the “I’m alive” indication. Upon receiving a wink
command from the LonWorks network, the wink LED will blink rapidly for a
couple of seconds, then return to its normal behavior.

The two remaining LEDs function as required by Modbus protocol specification
for serial line implementation. The red LED on the upper right, marked ERR, is
the error LED which will flash briefly once for each error received. The yellow
LED on the lower left, marked COM, is the communications LED which will
flash once briefly for each packet transaction involving this node. (Other traffic on
the network will not affect the COM LED.)

BMBWWTM 'SVC ERR . .
LONWORKS® “CP |c0M we O @

GATEWAY
INSTALL Q

_

Q

ONTROL SOLUTIONS

Power up behavior of the SVC LED is as follows: Immediately upon applying
power, the SVC LED will flash once very briefly. If it flashes on, then off, then
remains on, it has become set the applicationless state. If it flashes continuously,
it has become unconfigured. Both of these can result from a flawed attempt at
network installation.

Power up behavior of the remaining LEDs is as follows: Several seconds after
applying power, the red and yellow LEDs will flash once, and the green WK LED
will flash several times exhibiting the wink command behavior, then go to its
normal mode behavior indicating “I’m alive”.
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14. Connector Terminals

The screw terminals for wiring Babel Buster are labeled on the enclosure. An il-
lustration of the labels and notation of their signal grouping is shown below.

The terminal blocks are screw clamps accepting 22-14AWG wire. The terminal
block may be unplugged from the base unit.

LON
LON
POWER
JACCOM
GND

15. Opening the Case

Open the case by gently sliding a screw driver under the edge of the cover at the
locking tab. Lift up over the tabs on both sides. Lift both sides evenly and lift
cover straight away from base.

16. Jumper Settings

Babel Buster 485 is shipped with RS-485 line termination enabled. If Babel Bust-
er is not at the end of the RS-485 link, it should not have its line termination con-
nected. Only the two end nodes on the network should have line termination.

Babel Buster 485 is shipped with RS-485 line polarization disabled. Jumpers may
be set to enable line polarization. This feature is optional and not used by default.
It should not be used unless line polarization is understood.
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Line termination jumpers are located on the small daughter card in the area shown
below. There are three jumpers, one for line termination, and two for line polariza-

tion.

I.ine
Termination
Jumpers

Jumper positions are illustrated below. Termination is enabled if the jumper is
installed, disabled if removed. Line polarization is enabled if both jumpers are

installed, disabled if removed (do not install only one).

mmﬂ
FETET

(ELl O Line

QO] Termination

O [» iOO OO| Enabled
w @ [oo

ma

oo 00] Line

EI Polari ation
Enabled

Jo

Line termination consists of a 120 ohm resistor in series with a 1000pf capacitor
connected across the RS-485 line.
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17. Mounting on DIN Rail

Babel Buster is designed to be mounted on DIN rail. To attach to the rail, hook
Babel Buster on the top edge, and push onto the bottom edge. The enclosure
should snap into place.

To remove, insert a small screw driver in the release tab at the bottom center of
the enclosure. Gently pry downward no more than 1/8” (3 mm). Pull the bottom
of Babel Buster away from the rail and lift upward.

18. Trouble Shooting

No data transfer appears to occur.

(a) Is the object enabled? See section on Functional Block Status.

(b) Is the Modbus register defined in the SCPTlocation for the object in question?
Was the register reference accepted by the object? (If “unable to measure” is set in
the object status, it was not accepted.) Refer to section on Modbus Registers and
discussion of SCPTlocation.

(c) Is slave ID correct (applies to RTU as slave)? Is the slave timeout set too short
(applies to RTU as master)?

(d) Is the master/slave state set correctly? For Babel Buster 485, this is set one
time for the entire device in nciGatewayOpts in the node object.

(e) What do LEDs indicate? See section on LED Indications.

(f) Does object status indicate other errors? See section on Functional Block Sta-
tus.

Data appears, data changes, but does not appear correct.

(a) Did you change the network variable type? If so, did the object status indicate
“invalid request”? If this bit is set in the node object nvoStatus for the object ID
in question, the type change was not accepted. See section on Changing Network
Variable Types.
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(b) Is the Modbus register indicated in SCPTlocation for the object correct? Refer
to section on Modbus Registers and discussion of SCPTlocation.

(c) Have you defined a double Modbus register when the Modbus device is ex-
pecting a single register or vice versa? Are double registers swapped? Refer to
section on Modbus Registers.

Data exchange takes place correctly, but response is very slow.

(a) This is most likely for a sensor nvoFromModbus. The minimum send time is
designed to throttle network traffic, and defaults to 15 seconds. This means the
nvo (network variable output) will update at a maximum of once every 15 sec-
onds. Lower this number if needed.

(b) The actuator nviToModbus variables will transfer data immediately upon net-
work variable update. Verify that network variable updates are in fact occurring.

I’m confused about Master/Slave, Client/Server, To/From.

Master is synonymous with client. Slave is synonymous with server. A “From”
object refers to a mapping whereby LonWorks is receiving data from Modbus. A
“To” object refers to a mapping whereby LonWorks is sending data to Modbus.
Babel Buster may be either master or slave, client or server, and in fact can be cli-
ent and server simultaneously. Deciding who is which is a matter of establishing
who will initiate the request for Modbus data.

If “master” is selected, the Babel Buster client will read registers (0x, 1x, 3x, 4x)
from the remote server using the open loop sensor object “FromModbus™ and put
the data received in the object’s output network variable.

If “master” is selected, the Babel Buster client will take data from the input net-
work variable of the open loop actuator object “ToModbus” and write to registers
(0%, 4x) of the remote server.

If “slave” is selected, the Babel Buster server will passively wait for the remote
client to write registers (4x only) allocated to the open loop sensor object “From-
Modbus” and put the received data in the object’s output network variable when
received.

If “slave” is selected, the Babel Buster server will passively wait for the remote
client to read registers (4x only) where it will find data from the input network
variable of the open loop actuator object “ToModbus” which is merely buffered
waiting to be read by the remote Modbus client.

28



How do I know the Modbus protocol is compatible between Babel Buster and my
Modbus/RTU device?

The Modbus protocol used in Babel Buster 485 is written according to the pro-
tocol standards found on www.modbus.org and was tested using third party pro-
tocol tools. The Babel Buster master uses function codes 1, 2, 3, 4, 15, and 16.
The Babel Buster slave responds to function codes 3 and 16. The master will use
only codes 3 and 16 if only 4x registers are configured. Function codes 3 and 16
are the minimum set of functions that will be supported by any Modbus standard
device.

19. Trouble Shooting Tools

There are times when simple observations as outlined in the trouble shooting sec-
tion are not enough to fully diagnose problems. Diagnostics accessible from the
devices themselves are most often not detailed enough to locate the source of
problems. To complicate matters, one needs to know if the master failed to send a
request or the slave failed to send the reply before much progress can be made.

To assist in analyzing exactly what is really going on, we at Control Solutions use
an inexpensive third party tool to help out, namely a Modbus scanner and simula-
tor. We also have access to a LonWorks protocol analyzer, but don’t really need to
use it all that often since the only network traffic on the LonWorks side is strictly
network variable updates. We rely on the LonMaker browser to provide a higher
level view of network variable updates.

Communication with Modbus devices, both Ethernet and serial (RTU RS-485),
can be independently tested using scanner and simulator software such as Mod-
Scan32 and ModSim32 from WinTECH Software at www.win-tech.com. This is
commercial software requiring the purchase of a license, but is reasonably priced
and well worth the investment for any system integrator doing much Modbus
work. Other equivalent tools are available, and are sometimes included in front
end software packages used by system integrators.

A Modbus slave (server) may be tested using ModScan32. This package periodi-
cally polls the Modbus device, displays data from the replies, and indicates errors
if any.

A Modbus master (client) may be tested using ModSim32. This package simu-

lates a slave (server). It is polled by the master, and whatever data you enter on
the PC will be returned to the master.
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20. Specifications

* LonWorks TP/FT-10 (FTT-10A) to Modbus RS-485 Gateway
* Translate 58 LonWorks network variables to Modbus registers
» LonMark Ver. 3.3 Sensor & Actuator Functional Profiles

* Supports Modbus “coils”, input registers, and holding registers
* Single or double Modbus registers, signed, unsigned, IEEE 754
* All scalar LonMark SNVT types supported

* SNVT switch & SNVT _state also supported

* SNVT types dynamically assignable via LonMaker

* Modbus register mapping dynamically mappable via LonMaker
* Modbus registers may be scaled (x10, x100, x0.1, x0.01, etc.)
» Min/max send time, send on delta configurable per point

* Modbus (master) polling interval configurable per point

* Object override supported on point by point basis

* Bidirectional communication between LonWorks and Modbus
* LonMaker plug-in available TBA (check web site)

» LonMark certification pending (as of Q1 2005)

* 3150L Neuron® Chip, 48K Flash memory, 10K RAM

* FTT-10A transceiver

* Powered by 10-30VDC or 12-24VAC 50/60 Hz

* Power consumption: 0.1A @ 24VDC

¢ DIN rail mounting, 100mm H x 70mm W x 60mm D

* Modbus standard RJ-45 connector, RS-485 pin-out

* Operating temperature: -40°C to +85°C; Humidity 5% to 90%

Control Solutions’ Babel Buster 485 has been tested to CFR 47: 2003, §15.107
and §15.109, Class B. Babel Buster 485 has been tested to comply with FCC stan-
dards for home and office use. This device complies with Part 15 of the FCC rules.
Operation is subject to the following two conditions: (1) this device may not cause
harmful interference, and (2) this device must accept any interference received,
including interference that may cause undesired operation.

Control Solutions’ Babel Buster 485 has been tested to and complies with EN
55022: 1998, Class B; EN 61000-3-2: 2000; EN 61000-3-3: 1995 for emissions;
and to EN 55024: 1998 for immunity.

WARRANTY

The Babel Buster series modules are warranted against defects in materials and
workmanship for a period of 1 (one) year from date of shipment from factory.
Defective units will be repaired or replaced, at manufacturer’s discretion, at no
cost to user except when negligence or improper use has resulted in damage. The
express warranty stated herein is in lieu of all other warranties, express or implied,
including without limitation any warranties of merchantability or fitness for a
particular purpose and all other warranties are hereby disclaimed and excluded by
Control Solutions, Inc.
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