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Legal information

Warning notice system

This manual contains notices you have to observe in order to ensure your personal safety, as well as to prevent
damage to property. The notices referring to your personal safety are highlighted in the manual by a safety alert
symbol, notices referring only to property damage have no safety alert symbol. These notices shown below are
graded according to the degree of danger.

A\DANGER
indicates that death or severe personal injury will result if proper precautions are not taken.

A WARNING

indicates that death or severe personal injury may result if proper precautions are not taken.

A caution
indicates that minor personal injury can result if proper precautions are not taken.

NOTICE
indicates that property damage can result if proper precautions are not taken.

If more than one degree of danger is present, the warning notice representing the highest degree of danger will
be used. A notice warning of injury to persons with a safety alert symbol may also include a warning relating to
property damage.

Qualified Personnel

The product/system described in this documentation may be operated only by personnel qualified for the specific
task in accordance with the relevant documentation, in particular its warning notices and safety instructions.
Qualified personnel are those who, based on their training and experience, are capable of identifying risks and
avoiding potential hazards when working with these products/systems.

Proper use of Siemens products
Note the following:

A WARNING

Siemens products may only be used for the applications described in the catalog and in the relevant technical
documentation. If products and components from other manufacturers are used, these must be recommended
or approved by Siemens. Proper transport, storage, installation, assembly, commissioning, operation and
maintenance are required to ensure that the products operate safely and without any problems. The permissible
ambient conditions must be complied with. The information in the relevant documentation must be observed.

Trademarks
All names identified by ® are registered trademarks of Siemens AG. The remaining trademarks in this publication
may be trademarks whose use by third parties for their own purposes could violate the rights of the owner.
Disclaimer of Liability

We have reviewed the contents of this publication to ensure consistency with the hardware and software
described. Since variance cannot be precluded entirely, we cannot guarantee full consistency. However, the
information in this publication is reviewed regularly and any necessary corrections are included in subsequent

editions.
Siemens AG Document order number: AG0O12712 Copyright © Siemens AG 2020.
Digital Industries (® 09/2020 Subject to change All rights reserved
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Introduction 1

1.1 Objective

The objective of this application guide is to help the user become familiar with the steps
required to:

¢ Implement a trouble-free HART network

¢ Integrate HART devices into the control system

1.2 Equipment

Equipment Description MLFB/ASE Number
Siemens HART instrument
SIMATIC PDM or PACTware
HART modem

PC or laptop

1.3 Disclaimer

Note

While every effort is made to verify the following information, no warranty of accuracy or
usability is expressed or implied.
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Overview

HART is a communication protocol for field instruments. It has become very popular and is
generally very easy to use. However, there are design rules, restrictions, and wiring tips that
HART users should be aware of that are presented in this guide.
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Description

3.1

3

What is HART?

Highway Addressable Remote Transducer (HART) is an industrial protocol designed to replace
4-20 mA technology for analog input and output field devices. It is designed to:

Use the same wires as 4-20 mA devices
Permit remote configuration of devices
Permit remote diagnostics

Allow for transmission of multiple variables
Permit Intrinsic Safety

Permit multi-drop of instruments

HART does this by combining both analog and digital communication. The main process
variable is transmitted via the analog channel. All other information is communicated via a
digital channel which is super-imposed on the analog signal using Bell 202 frequency shift
keying (FSK). The digital signal uses two different frequency bursts to represent a binary ‘1’
and ‘0". A"1"is encoded using a 1200 Hz frequency burst and a ‘0’ is encoded using a 2200 Hz
frequency burst. The mean value of the burst is zero, so the slow moving 4-20 mA signal is
generally not affected.

+0.5mA
0 HART
signal
- 1200 Hz 2200 Hz
20 MA,  —
Analog
signal
4mA —
0 1 2

This signal is filtered out of most analog input cards. However, incompatibilities, although
rare, do exist.
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Description

3.2 HART Versions

The protocol itself is a simple master/slave type protocol with the ability to have two masters
(one primary and one secondary). You can have many devices multi-dropped together. The
maximum number depends on the wires used and the devices (see the multi-drop section
below). The addressing method in HART uses one address for the slaves and a second address
(a bit field) for the master. The primary master is at address 1 and the secondary master is at
address 0. The slaves use address 0 to 63 for HART 7 (0 to 15 in version 5 and below of the
protocol).

Most HART installations are set up for point-to-point configuration — with one master and one
slave. However, HART multi-drop can be used. Both of these topologies are discussed later in
this application guide.

3.2 HART Versions

HART was first developed in the early 1980s. Below is a quick summary of the different
versions of HART. In general, end users do not have to be concerned with the different
versions. Siemens instruments now use HART 5 or higher. If you are using a HART 6 or higher
device, you should check with your automation supplier for compatibility with your current
equipment. Many vendors have had to upgrade their HART input/output cards to support

HART 6 and 7.
|Revision| Date |Features
Introduced
2 1986  |First public specification
3 1987 |Added command 438
4 1988 Improved support for multiple variables.
Write protection, new commands
5.0 1989 |Long frame format, unique identifier,
burst mode, new commands
6.0 2001 |Long tag (32 characters). Longer
manufacturer identification. New
commands
7.0 2007 |Wireless Hart. Report by exception.
Improved testing of physical layer

*Assuming host and slaves fully comply to HART
standard — interoperability issues do exist

Working with HART networks
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3.3 Basic Design Rules

3.3

Basic Design Rules

Although HART networks are very easy to put together, there are still design rules that must
be followed:

* Minimum loop resistance: For HART communications to occur, you need a minimum
loop resistance of 250 ohms. Most HART input/output cards will have this resistance built
in. However, if you are using a HART modem, you need to know how long the wire is and
the resistance of the wire so that you know if you need to add any resistance. For short
runs under 100 meters, it is fairly safe to assume that you need to add a 250 ohm resistor.

¢ Maximum RC value: For HART communications to occur you must have an RC value of
the wire less than 65 ps. The RC value is the total resistance of the circuit multiplied by the
total capacitance. The first rule sets the minimum resistance, and this rule sets the
maximum. In both cases the more complex the network, the harder this calculation is, and
the more important it is. Again, if it is a point-to-point topology and the run is less than
100 meters, then this is not a concern.

* Minimum operating voltage: For all HART devices, there is a minimum voltage that is
required for the device to work. This value is different for all devices. If the device does not
get the required voltage then it will not operate. If there is too much loop resistance, at a
low current the device may power-up. However, once the PV begins calculating at high
currents, the voltage drop on the loop will increase and the device will turn off. This rule,
like the RC rule above, also sets a maximum value on the loop resistance.

* Cable: The choice of the cable matters. As the first two rules imply, the type of cable used
will impact the loop resistance and the RC value. For very short runs, HART will run on
almost anything. However, as distance increases, the importance of your choice of wire
increases as well. Also, the better the cable, the better the noise immunity. In general, you
want to pick a shielded twisted pair instrument grade wire and perform the calculations
before you buy and install the wires. It is also a good idea to buy a cable designed for
HART. Belden 3105A is an example of such a cable.

* Power supply: There is a specification on the power supply. All the Siemens industrial
power supplies reviewed by the factory meet the HART specification and most of the
industrial power supplies do as well however, it is still a good idea to verify this prior to
installation. The power supply specifications are:

Maximum ripple (47 to 125 Hz) = 0.2V p-p
Maximum noise (500 Hz to 10 kHz) = 1.2 mV rms
Maximum series impedance (500 Hz to 10 kHz) = 10 ohm

Grounding

Traditional grounding methods for 4-20 mA loops and HART have the shield of the cable
connected to ground at one end only. Many installations have been installed in this manner.

Current thinking as outlined in IEC 61000-5-2 Electromagnetic compatibility (EMC) - Part 5
Installation and mitigation guidelines - Section 2: Earthing and cabling, recommends
grounding the shield at each end for point-to-point and at every point for multi-drop (see
figure below). This provides the best protection against EMC and for safety as well. This
method assumes that all points are on the same ground (i.e. use an equipotential grounding
grid).

Working with HART networks
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3.3 Basic Design Rules
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Where you lay your HART cable also has a big impact on the amount of noise induced into
that cable. Communication and power cables need to be separated. The diagram below
shows the recommended cable separation from the Ontario Electrical Safety code. Always
check your local electrical regulations. If the cable is too close to a power cable, noise will be
induced onto the communication cable and this can easily cause bit errors in the HART

message.

COMMUNICATIONS
CABLE -
(HART)

i

>50mm”

> 600 mm ™

> 300V POWER
CABLES

* Recommendations from the

<= 300V POWER
CABLES
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Description

3.4 Update rates

3.4 Update rates

The analog channel is updated continuously. However there are still two built-in delays. The
first is in the instrument where there will be a small delay caused by the digital-to-analog
conversion. This value is typically not published separately and is built into the update rate of
the instrument. The second delay is the delay at the analog input card where the analog
signal is converted into a digital value. This is a published value and varies greatly between
different types of input cards and manufacturers. This update rate should be considered
when choosing the input cards.

The digital channel can handle between 2 to 3 messages per second. When multi-dropping
instruments, the number of instruments will have a large impact on the update rate of the PV
into the control system. This rate should also be considered if you are using a multipoint
HART input card where the HART channel is multiplexed between the different points.

3.5 Point-to-point topology

10

Point-to-point topology is the most common way of connecting HART instruments to control
systems. As outlined previously under Basic Design Rules, there are several variables that
have to be considered:

¢ minimum loop resistance
¢ maximum RC value
* minimum operating voltage

The RC value and minimum operating voltage are only a concern if you have a long run or if
you are putting secondary devices, such as 4-20 mA display, in line as well.

A 2-wire device draws power from the wire (loop powered), whereas typically a 4-wire device
will provide power to the wire (active source). Some 4-wire devices, such as Siemens SITRANS
LUT400, can be configured to be either loop powered or active source.

The wiring is different if you have a looped powered (passive) device or an active source:

Passive (loop powered) device

o —
W K]
ol ==35
Examples:
SITRANS OR SITRANS
LUT400 Probe LU

Working with HART networks
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3.6 Multi-drop Topology

Active device

\

250 Q
Examples: : ——
SITRANS OR SITRANS (=)
LUT400 LR460

3.6 Multi-drop Topology

Multi-drop topologies are not as common place as point-to-point, but it has been gaining
some popularity in certain applications. The two issues that multi-dropping HART has are:

* update rate is very slow
¢ you have to design the network

As is mentioned in the Update rates section, the communication rate for HART messages is
about two per second. When HART devices are multi-dropped, the analog channel can no
longer be used for the Process Variable, so the digital channel has to be used. If you multi-
drop two devices, your update rate will be once per second. As the number increases, your
update rate increases. This is not acceptable in many applications but is in some non-time
critical applications. This is where HART multi-drop can be used.

The HART addressing method permits devices to have an address of between 0 and 63 in
HART 6 device and above. Earlier revisions of HART (version 5 and before) only permitted
addresses from 0 to 15. However, for all practical purposes, it is hard to multi-drop much
more than 8 devices due to design issues and current loads. Therefore it is best to use
addressing in the 0 to 15 range.

When designing a HART multi-drop network, you have to know:
 electrical characteristics of the wire being used

e start-up current of all devices

* steady state current of all devices

* minimum start-up voltage of all devices

e power source of devices used (loop powered or active source)

Note

When using SIMATIC PDM on a HART multi-drop network, only one instrument can be viewed
at any one time.

Working with HART networks
Application examples, 09/2020, AGO12712 11



Description

3.6 Multi-drop Topology
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The wiring will differ greatly, dependent on whether all devices are loop powered, active
source or a combination of the two. See connection diagrams for each below.

(Tx = transmitter)

(Tx = transmitter)

As you can see, calculating the loop resistance and the RC value of the network is going to be
different depending on the mix of instruments.

Working with HART networks
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3.6 Multi-drop Topology

Sizing the HART (or Load) resistor is critical. The larger the value, the more noise immunity
your network will have. However, you have to:

e ensure that the RC is not too large or you will not have HART communications

 verify that the voltage drop over the HART resistor is not too large during startup. If the
voltage drop is too large then the instruments will not start up.

It may also be difficult to find all the values to do these calculations. In this case, we
recommend setting up a simple network initially to measure the values.

Working with HART networks
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4.1

14

Integrating HART devices into the Control System

HART devices can have different levels of integration into the control system. Most HART
devices are wired into 4-20 mA cards so that the control system has no information about the
instruments and the only way to access device information is to go to the device and connect
up point-to-point with a HART modem. The next level of integration is using a HART card or a
HART multiplexer where you can then get access to the information easily. At this level, you
again have several options. The simplest option is to just use the HART channel for
configuration and diagnostic software such as SIMATIC PDM to talk to the instruments. To get
all the benefits of HART, it is best to invest in programming time to obtain the status
information. HART has the following status information:

1. ‘Command Status Bytes’ which comes back in every HART response message

2. ‘Additional Device Status’ which comes back from HART command 48

3. ‘Extended Device Status Codes’ and ‘Device Variable Status’ which comes back from HART
command 9

Command Status Bytes

The response message for every HART command contains a 2 byte long status. The first byte

is the Response Code. The second byte is the Device Status.

Response code

If there is a communication error, then the Response Code sends back a Communication
Status.

Communication Status @

Bit Mask Definition

0x80 This bit must be set to 1 to indicate a communication error

0x40 Vertical Parity Error — The parity of one or more of the bytes received by the device
was not odd

0x20 Overrun Error — At least one byte of data in the receive buffer of the UART was over-
written before it was read (i.e. the slave did not process incoming byte fast enough).

0x10 Framing Error — The Stop Bit of one or more bytes received by the device was not
detected by the UART (i.e. a mark or 1 was not detected when a Stop Bit should have
occurred)

0x80 Longitudinal Parity Error — The Longitudinal Parity calculated by the device did not
match the Check Byte at the end of the message.

0x04 Reserved — set to zero

0x02 Buffer Overflow — The message was too long for the received buffer of the device.

0x01 Reserved, set to zero

a) Excerpt from HART Specification V7.0

If no communication error occurred, then the response code will have a zero in the most
significant bit and the code is a value of 0 to 127. A value of zero indicates that everything is

Working with HART networks
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4.1 Integrating HART devices into the Control System

OK with the command. A non-zero value indicates a warning or error and is different for each
HART command.
Device Status

This byte indicates the current operating status of the field device as a whole. The table
below gives the bit masks for this value and their meanings.

Please note that prior to HART version 6, if there was a communication error, then this value
would not be meaningful in the response code. In HART version 6 and above, it is now
required that this value is meaningful in every response.

Device Status

Bit Mask Definition

0x80 Device Malfunction — The device detected a serious error or failure that compromises de-
vice operation

0x40 Configuration Changed — An operation was performed that changed the device’s configu-
ration

0x20 Cold Start — A power failure or Device Reset has occurred

0x10 More Status Available — More status information is available via Command 48, Read Addi-
tional Status Information.

0x08 Loop Current Fixed — The Loop Current is being held at a fixed value and is not responding
to process variations.

0x04 Loop Current Saturated — The Loop Current has reached its upper (or lower) endpoint limit
and cannot increase (or decease) any further.

0x02 Non-Primary Variable Out of Limits — A Device Variable not mapped to the PV is beyond its
operating limits.

0x01 Primary Variable Out of Limits — The PV is beyond its operating limit.

a) Excerpt from HART Specification V7.0

It should also be noted that the chart above is for HART 7. This chart has been evolving over
time. Bits have been added, but none removed. Some meanings have also evolved. For
example in HART 7, a process problem like loss of echo would have the device issuing a value
of 0x90 (0x80 + 0x10) meaning that you can not trust your PV and that there are more status
available. A HART 6 device would issue a 0x80 only if a device malfunctioned, and a loss of
echo would cause only a 0x10 value.

Additional Device Status

HART command 48 is used to read Additional Device Status. The response message contains
25 bytes of data. Bytes O to 5 and 14 to 24 hold the Device-Specific Status which corresponds
to the Error Display Codes shown on the screen of the device. The mapping is related to bit
location of the bit value 1" in the Device-Specific Status.

For example if there is a 1" located in bit 4 of byte 0 of the response message, then that will
correspond to and error code 4. If byte 2 of the response message has a 1 in bit 0, then it
would be code 2*8+0=16.

This HART command has also evolved over time. It was a Common Practice Command and
now in HART 7, it is a Universal Command. It has also expanded in size as well, adding more
bits to extend the possible error messages.

Working with HART networks
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Device Variable Status and Extended Field Device Status

HART command 9 which was added in HART V6, is a command that can be used to read any
variable in a device. Byte 0 of the response data defines the Extended Field Device Status.
Byte 8 of the response data is the Device Variable Status for slot O request and Byte 16 for slot
1 and Byte 24 for slot 2 and so on up to slot 7. For HART 6 devices the device can return 4
slots of data, in HART 7, it can return 8 (0 to 7).

The Extended Field Device Status byte has two used bit fields:

* Bit 1 — Maintenance Required. This bit is set to indicate that while the device has not
malfunctioned, the Field Device requires maintenance.

e Bit 2 — Device Variable Alert — This bit is set if any Device Variable is in an Alarm or
Warning State. The host should identify the Device Variable(s) causing this to be set using
the Device Variable Status indicators.

Device Variable Status — This is a measure of the overall health of the variable being read. The
chart below gives the meanings of this status:

l  Device Family Status
(not currently used
in Siemens level instruments)

Limit Status
11 Constant
01 Low Limited
10 High Limited
00 Not Limited

Process Data Status
11 Good
01 Poor Accuracy
10 Manual / Fixed
00 Bad
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Summary

HART is a protocol that has been around for a long time and has many ways in which to
connect to instruments. As with most technology, it is best when approached with
knowledge and forethought.
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