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Introduction

Introduction

The HI302 is an equipment integrated to System 302 which main function is to interface HART
devices to Foundation Fieldbus Systems, allowing the user to perform maintenance, calibration,
sensor status monitoring, device status, among others information. See below some HI302 features:

e Integral Part of System 302;

e Tight integration with different system manufactures due to the use of standard protocols such
as Foundation Fieldbus and HART;

e 8 HART master channels;

e Optional Analog Conversion (4-20 mA / Foundation Fieldbus — HI302-1 and Foundation Fieldbus
/ 4-20 mA — HI302-0);

e Totally integrated to AssetView;
e Uniform systems and tools, making it easy to operate and reducing maintenance costs;
¢ Non-multiplexed and independent HART channels;

e HART Configuration Commands located into the module and possibility to send HART
messages through bypass parameters;

e Suitable for Asset Management Systems;

e Complete configuration of Smar devices enclosed in the HI302 module, thus no additional
configuration is required.

e Configuration for third party equipments can also be embedded in the Flash memory or added
through FF blocks.
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Chapter 1

Overview

This user manual contains instructions on how to install and configure the HI302. If the user already
knows how to install the FF and HART devices and wants to work with the HI302 immediately,
please, go to the chapter 7.

e  This manual is compliant to firmware version 3.16 or above and DD 0301 or above. Check the
parameter HCFG.FIRMWARE_VERSION.

General Characteristics

Figure 1.1 — HI302-I Module

Among the main characteristics, the following may be mentioned:

e The HI302 supports up to eight point-to-point HART devices or 32 HART devices in the multidrop
mode (4 devices per channel);

8 HART Master communication ports that can be configured as Primary or Secondary;

1 Foundation Fieldbus H1 Channel;

Fed via backplane (5Vdc @500 mA);

Device supply should be from an external source;

Input circuits 4-20 mA on HI302 — | (current conversion to Fieldbus);

Qutput circuits 4-20 mA on HI302 — O (Fieldbus conversion to current);

There are three models for the HI302, according to the analog conversion needs:

e HI302 — N: only HART communication;
HI302 — I : HART communication and conversion of eight 4-20 mA analog inputs to FF;
HI302 — O: HART communication and FF conversion to eight 4-20 mA analog outputs;

1.1



Overview

Function Blocks

Process View Syscon Asset View
(Workstation) (Configuration Station) (Maintenance)

Ethernet

Foundation FB
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Secondary Master
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(HART +4-20 mA) 4-20 mA’ o
* - " "
= l 1 =

Primary Master "’." 4 f
m g i W
STIE w )
e

Up to 32 Devices
Figure 1.2 — Hart/4-20 mA

Power Supply

Several blocks were implemented to give the module the required functionality.

HART Transducer Blocks

HCFG (HART Configuration and Diagnostic) — Concentrates general configuration parameters for
module operation, in addition to parameters on HART Communication performance and diagnostic.
It also concentrates parameters for analog circuit calibration.

HIRT (HART Information and Dynamic Data) — This block contains the main parameters, i.e., the
most commonly used, besides dynamic variables. All parameters related to universal commands
and some main “Common Practice” commands are found here. There should be one HIRT block for
each HART device installed, up to 32 blocks in case of a multidrop connection. In normal operation,
the HIRT block parameters show the HART device variables, since there are mechanisms to keep
the HI302 database updated. See the Appendix A or the Function Blocks handbook for details. All of
the HART dynamic variables should be accessed through this block.

HVT (HART Variable Template) — This block is a large collection of variables for general use. It is
now possible to access any HART instrument parameter, specially associated to specific HART
commands. To this effect, the module should get a configuration (HCD and HWPC blocks) to define
the specific instrument to be accessed, and how these commands will relate to each parameter on
the block. There is just one HVT block that should be shared among the devices when accessing
them. This configuration is already in the HI302’s Flash memory, when it is also possible to include
third party configurations according to the application’s needs.
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Analog Blocks

HCD (HART Command Definition) — It contains the HART command description for each device
type or version. This description stores information needed by the module to communicate and the
data read on the HIRT or HVT blocks. The HCD blocks defining the universal and the common
practice commands, as well as all commands specific to Smar instruments, are already stored in the
equipment’s memory and do not require any configuration from the user. See the Appendix B for
details. Configuration of specific commands for third party devices can be made through this block.

HWPC (HART Write Parameter Configuration) - This block stores information about all
parameters to be written in the instrument and mapped in the HVT block.

See table with detailed definitions on the Appendix A.

In order to support the analog circuits on HI302-I and HI302-O modules, use the MAI or MAO
blocks, respectively, to convert the analog 4-20 mA standard to FF or FF to 4-20 mA. Inquire about
our availability of Al or AO blocks.

MAI — Multiple Analog Input

The MAI block makes available to the fieldbus network 8 variables of the I/O subsystem through 8
output parameters, namely, OUT_1 to OUT_8. These parameters correspond to the current value,
in percentages, on the 8 analog inputs. The current values read through this parameter may be
linked to any other block, as part of the control strategy

MAO - Multiple Analog Output

The MAO block makes available to the /O Subsystem 8 input parameters, IN_1 to IN_8. These
parameters correspond to the current value on the 8 analog outputs. Through the MAO block, it is
possible to control the current of each loop from another block’s output that is part of the control
strategy.
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Technical Characteristics

Technical Specifications

Dimensions X ;%2;(146(3) i;zg mm (max)
e Operation: 0 to 60°C @ 20 to 90% non condensed relative humidity.
e Storage: -20 to 80°C @ 20 to 90% non condensed relative humidity.
e 8 non multiplexed Master communication ports with galvanic isolation of 1000 Vrms,
thatis, an independent UART per HART port.
e A greenLED indicating te status of each port.
HART e Maximum of 32 HART devices in multidrop or 8 devices (1 per port).
e Supports HART devices version 5 and 6.
o Accepts up to 4 different additional device configurations.
e Resident configuration for Smar devices.
e Allows configuration of specific HART commands.
e FB3050 Smar dedicated controller
e 1independent H1 channel, with DMA, and 31.25 kbps baud-rate
Fieldbus e Communication indicator green LED
e Passive MAU (not supplied by the bus) with 500 Vrms galvanic isolation
e Physical Layer: ISA-S50.02-1992
e 5VDC £ 5% @ 400 mA (max), maximum ripple of 20mVpp, via rack.
Power Supply e Maximum consumption of:2W (25°C).
e Green LED indicating the device is powered.
e 250 ohms, 1/8W series resistor.
e 16 bit AD converter, 0,15% accuracy @ 25°C
Low-pass filter input (fc~10 Hz).
Isolation through optical couplers and DC-DC converters, 1000 Vrms.
Inputs are notisolated from each other.
Passive circuit, only current control (sink).
Maximum voltage allowed on the output terminals: 36 V (zener protection).
Short Circuit and power surges protection, by TVS.
12 bit DA converter, global accuracy greater than 0,2% of the span (25°C).
e Isolation through optical couplers and DC-DC converters, 1000 Vrms.
e Protected by TVS and zener diode.
e Supply of the HART devices through external power supply.
e Outputs are not isolated from each other.
e 512 kBytes of Super FLASH for operational systems, applications and resident
configuration.
e 128 kBytes of SRAM.
o 32 kBytes of EEPROM for user configuration.
e HC11 @ 16 Mhz
Processor e Red LED indicating fail.
e Yellow LED indicating saving in the EEPROM.

Environment Conditions

Analog Input 4-20mA

Analog Output 4-20mA

Memory
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Chapter 2

Installation

This chapter deals with the main physical installation features, namely: mechanical and electrical

elements.

IMPORTANT

All comments or considerations made in this manual refer to HART communication using FSK
modulation (Frequency Shift Keying).

Installation of the HI302 modules

Mechanical Installation
The HI302 modules are enclosed in the Smar standard plastic housing, like the LC700 and the
DFI302. Therefore, they are fully interchangeable on the standard racks. The picture below shows a

typical HI302 installation set:

DFI302 HI302

DF50 DF51 DF52 DF53 HI302-1  HI302-1 HI302 -1 DF52

Figure 2.1 — HI302 modules in racks

The HI302 requires 5V @ 400 mA from the rack. Use Smar DF50 power supply modules. Besides
providing a high quality feeding, they also provide a “Power Fail’ signal to prevent power failure or
AC problems. However, the user can use another power supply, provided it meets the minimum
requirement of quality and safety (The PS-AC can also be used).

The other elements follow the same installation procedure as Foundation Fieldbus and HART
devices. For more information on installation procedures, visit our www.smar.com site and download

a free copy of the Smar HI302 manual.
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Installation

Electrical Connections

The minimum electrical connections for the HI302 is the power supply, normally connected to the
rack, to the connection with the H1 communication bus and to the connection with HART devices.
See the following picture for details. Since the HI302 does not supply the devices, it is necessary to
use a power supply for them. The DF50 can be used if the devices’ consumption doesn’t exceed
300 mA (about 12 devices), otherwise the DF52 should be used as shown in the picture.

IMPORTANT

Since the HI302 H1 channel is a passive channel, it is not necessary to use the bus power supply
(DF53). For instance, if the DF51 channel is connected to the HI302 channel, they will
communicate normally. However, the BT 302 impedance should always be used.
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.—|" Ty
I 3 TT301/FY301
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+ —
=
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+ =
=

- ) TT301/FY301

= | TT301/FY301

- (( } TT301/FY301

.—*'7=T
3 TT301/FY301

T_'f TT301/FY301

Figure 2.2 — Necessary connections for the HI302

IMPORTANT

The picture above shows the connection of devices supplied by the same power supply module.
Remember that the HI302-1 and HI302-O analog inputs and outputs are isolated from the field, not
from each other, that is, their grounds are internally connected. The HI302-1 or the HI302-O can
only be connected to an I/O system with a common ground.
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DFE0 - Power Supply for Backplane 50-264vAC
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Rack
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(5vDC)

The following picture shows an example of an HI302-N connection focused on the HART
communication. In this case, connect more devices (up to 32) in parallel, to perform a multidrop
communication. In order to simplify the connection below, connect the HART channel in parallel to
the device, instead of connecting it in parallel to the resistor. Doing so, a common ground should be
used to decrease the wiring length. The connection below makes the channel independent from the
device’s power supply.

IMPORTANT

The HI302N channels are isolated between one another, thus they can be connected to different
I/O subsystems regardless of the grounding or power supply used for the field devices.

Reset / FetInit

hoa|

HI302-M (& HART Master / Fieldbus H1)

127367

L
H
sezsamc| H (6B
G

FUSE
254

DF 52 - Power Supply for Fieldbus S0-264AC £ 127-367vDC

hos|

smar smar

Figure 2.3 — Example of an HI302 connection
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Installation

NOTE

The 250Q resistor (see the previous picture) in series with each equipment is the analog input
impedance, for example a PLC’s input that reads the 4-20 mA signal. If the analog input
impedance is less than 250Q, connect a lower resistor, so that the association of both
impedances is at least 250Q.

For instance, suppose that a TT301 is connected to a PLC’s input with an impedance equal to
50Q. So, connect a 200Q resistor in series with the device’s feeding in order to enable the HART
communication. The user can also use a 250Q instead of a 200Q resistor.

Power
Reset / Fct Init Supply
= + .
% 4-20 mA
3 Channel 1 - +
. | _.b - I I O
Transmitter —.—- PLC, DCS, etc,
HI302-N 3 input or output
4 : ﬁ with enough internal
Capacitive coupling, »
only HART communication impedance

Actuator

Figure 2.4 — Connections between the HI302-N and a HART equipment in an I/O system

HART Device Installation

Now we will describe the main communication features regarding the device installation. For more
detailed information about the devices, please read the specific device manual. Concerning the
HART communication, consider that the superimposition of a modulated signal on an analog current
signal can deteriorate, if some precautions are not taken. It is important to mention that the HART
communication does not affect the 4-20 mA analog signal, since the average value of a FSK
modulated signal is zero. Thus, if the HART device is already installed, make sure that the minimum
impedance (250 Q) is used and connect the HI302 channel in parallel to the device.

Device Physical Types

Low Impedance Devices

Low impedance devices are typically signaling elements intended to receive current analog signals
or serve as master for a multi-drop network. As an example of a low impedance device we can
mention the FY301 or input analog cards, such as HI302-1.

High Impedance Devices

High impedance devices control current, either as a mean of analog signaling or at a fixed level in a
multi-drop environment. As an example of a high impedance device we can mention the LD301,
TT301 or analog output cards such as HI302-O.
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These concepts are fundamental when connecting different devices. For example, in the connection
shown below, it is not necessary to install a 250 Q resistor for the HART communication. The
transmitter’'s impedance should be enough. Although it may be necessary to install a resistor in
series with the power supply, just to achieve minimum impedance requirement (250 Q). Each case
should be analysed individually according to the equipment’s characteristics.

MULTIDROP COMMUNICATION

| Reset ! Fet init

HI302-1 (8 HART Master + 4-20mA Inputs / Fieldbus H1)

¥ ¥
- +
Low impedance
device 2 |4 = |
_[F1_ ‘ i
um High impedance

\ device

Figure 2.5 — Connection without the 250 Ohm resistor

IMPORTANT

Whatever the topology used, it is important to keep a 250 Q impedance. In the previous picture, it
is not necessary to connect an impedance in series with the power supply, IF the impedance read
by the HART channel is at least 250 Q. In case the impedance is lower than 250 Q, improve its
value to the minimum requirement. The connection above allows the communication between the
two devices as long as the identification is done via TAG not via Polling Address.

HART Installation Topology

The HI302 complies with several applications, since the new ones to older installations, where it is
necessary to increase the HART device’s life span and preserve the investment with the gradual
introduction of the Foundation Fieldbus technology. Below are some examples of connections.
However, the applications are not limited to these examples and should be considered separately.

Supply Voltage vs. Total Loop Impedance

The total impedance of the devices connected to the pair of cables and the cable impedance should
be kept between the operation limits complying with the loop supply voltage. Take a look in the
graph below:

[ I Operating area

1650
1500

1000

[Ohm]

4 - 20mA and digital
500 - communication

Load

250

12 20 30 40 45
Power Supply [Volt ]

Figure 2.6 — Supply Voltage vs. Total Loop Impedance
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Notice that it is very important to keep the minimum impedance (250 Q) to allow HART
communication. Sometimes the voltage supply must be increased to ensure that the systemiis in the
operation area specially when associating devices on the same loop.

HI302-N (without Analog Conversion)

This HI302 option has only HART communication and no circuit for analog conversion. The HI302-N
does not have an internal resistor, so it needs an external resistor or an active impedance (PSI1301)
if many devices are used. It is not necessary to use impedance or external resistor, if the loop has
already enough impedance to guarantee communication.

o Typical Multidrop

There are two ways to perform this connection. The resistor can be installed in series with the power
supply or in parallel to the HART channel. The first way is shown below:

POWER SUPPLY

250R 1/4W 16‘.mA *
+ - - -
Port 1 =
g“ HI302-N does not have ngﬁ
L:: = internal resistors .
i 250R 1/4W 16 mA
é o]
g| Port8 =
S
5 .“ Up to 4 devices
a. per HART port

Figure 2.7 — Resistor in series with the power supply

o  Multidrop with 4-20 mA enabled

Be careful with this topology because some types of /O devices do not accept the connections
presented below, for example, the DCS’s that feed the devices via internal power supply. The /O
device must receive external power supply, like PLC cards or field devices. Despite the complexity,
this connection allows an improvement in the use of the HI302 channels and, due to the fact that the
current that flows in the loop is in the order of mA, use an active impedance instead of a simple
resistor. See the next picture:
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Figure 2.8 — Parallel impedance with the HART channel
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HI302-1 (4-20 mA to FF Conversion)

In this kind of topology, it is not necessary 250Q external resistor connected in series with each
device, since there is a 4-20 mA sampling resistor in the HI302 analog board serial to the loop. Be
careful with a short-circuit in the loop, because the HI302’s internal resistor may be damaged. The
HI302 does not have internal protection against long run short-circuit.

4-20 mA POWER SUPPLY
Resat | Fot init *
3 ¢ - =
ii FFH1 F- .
!é[ Port 1 r ,._
a-
p4 Control: 4-20 mA
] Maintenance: HART 4-20 mA
% -
[+ 4
gl
2t - |+ -
2 Port8 | | L@
| -
' n Hi302-1 has 250R
internal resistors

Figure 2.9 — 4-20 mA to FF conversion

HI302-0O (FF to 4-20 mA Conversion)

In this topology, it is not necessary to use a resistor in series with the power supply, because the
device’s internal impedance and the actuator impedance ensures the minimum requirement for
HART comunication. However, the user should watch the minimum supply voltage required for total
impedance (including the wiring impedance).

4-20 mA POWER SUPPLY
Reset | Fet Init * +
- [+ - =
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Port 8

Figure 2.10 — FF to 4-20 mA conversion
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Maximum Cable Length

The user may choose from a shielded pair of twisted cables, a multi-pair of cables with a single
shield or a combination of these.

IMPORTANT

The shield can be overlooked if noise in the environment or any other interference does not affect
the communication.

Use a 24 AWG (0,5 mm) cable for lengths up to 1500 meters. For lengths over 1500 meters, use at
least a 20 AWG (0,8 mm) cable.

If a cable longer than 500 m is required, make a detailed analysis of the system to avoid operation
failures. According to HFC (HART Communication Foundation), the maximum cable length depends
on:

e The cable’s resistance, capacitance and inductance,
e The device’s resistance and capacitance on the HART channel, as well as the additional
equipment.

Due to the complexity of the subject, users should read the HART Foundation Communication
documentation, specially the FSK Physical Layer document.

Other devices in the Loop

The control loop may have additional devices, besides the HI302 and the HART devices. See some
common types as follows.

Portable Configurator

As mentioned before, the HI302 operates as a master in most applications. So, there is no problem
in using a portable configurator, such as a HPC301. Whatever the installation topology, make sure
to install a 250 Ohms impedance serial to the power supply. If no active impedance or resistors are
installed, the secondary master device will not communicate.

Indicators and Converters in general

Indicators and converters are very common in industrial installations. They usually have high
impedance in the HART communication frequency (1200 to 2200 Hz). Sometimes the introduction of
such elements in the loop can prevent communication. However, there is a simple and well known
solution for this problem, by connecting a capacitor ranging from 0.1 to 1uF (100v at least) parallel
to the device. This capacitor supplies an impedance of hundreds Ohms parallel to the device’s
impedance, allowing the HART communication.

Switching On the HI302

When the module is turned on, the system will check some important hardware and software
components. If any errors are found, the module will not operate and the FAILURE LED (red LED)
will light. The HART LEDs (green LEDs) will blink slowly around %2 Hertz. This check takes
approximately 1 minute, so you should wait before checking the HI302 in the Live List or watch for
any value.

Updating the HI302 Firmware

To update the HI302 firmware you must use the FBTools program built in the System302 as an
integral part of it. To do so, connect the RS232 (Code: 102A0927) serial cable to the firmware
download connector located behind the module.

Before you begin the update, the HI302 module must be set in the boot loader mode. To do so,
press the Reset button located at the upper right side in the front part of the module. By pressing it,
the YELLOW SAVING LED AND THE GREEN LED will light. Then click the download button in the
Serial Download program and wait for the end of the process.
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After the completion of the update process, press the Reset button again, in order to put the module
back in normal operation. As a standard procedure, the user should always do a Factory Init after
updating the firmware. Just press the Fct Init button after the equipment returns to normal operation.

Firmware Programming
Connector

Figure 2.11 - Firmware Programming Connector

GND(5)
RX(3)

TX(1)

-
-

Figure 2.12 - Cable Connector for Firmware Download
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Chapter 3

Basic Configuration

Instructions on HI302 Configuration

The minimum configuration to be applied in the Syscon consists of:

1 RESOURCE block;
1 HCFG block;

1HIRT block for each HART device;
Just one HVT block, if necessary to use specific commands or a complete set of “Common

Practice” commands. This block is shared with all of the devices installed.

e 1 HCD block and 1 HWPC block for each specific configuration (that is) not stored in the
FLASH memory. These blocks are not necessary for Smar devices since their configuration is
embedded in the FLASH memory. See the Appendix for more details.

B CHANNEL_4

=l @& CHAMMEL 4
=)@y DFIA0E - DA MATA
MIE

FE

HI302-1

MIE

FE

-1 IRES

Ik HIRT-1
- b I-HIRT-2
-k HIRT-3
Tk HIRT-4
-k HIRT-5
Tk IHIRT-6
Ik HIRT-7

T T-HYT

Figure 3.1 — Minimum configuration for the Syscon

The maximum block limit and its quantity in the factory configuration are shown below:

BLOCK MAXIMUM FCT INIT
RS 1 1
DIAG 1 1
MAO/MAI 1* 1*
HCFG 1 1
HIRT 32 8
HVT 1
HCD 4 0
HWPC 4 0

Except for the HI302-N =0

IMPORTANT

Whenever a download is performed, wait for the yellow SAVING LED to turn off . Only then turn
off or reset the equipment. If the equipment is turned off or reset during the data saving process,
the configuration must be redone. See the chapter “HI302 Configuration Example” for more

details.
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Configuring the HCFG Block

The HCFG block has a series of parameters divided into two categories: operation parameters and
diagnostic parameters.

0On Line: HI302I - HART Configuration Transducer Block - HI302I HCFG =] ]
ALL  DEF TYPE | TRE
| sl> oo o |& |_|—_|:|_|__J_|_|_|
Parameter | Walue | Quality | Changed | Offgat | Handling |
ST_REV 4 Good:MNon Specific:Mot 1 RO
- TAG_DESC HART General Configuration Block Good:Mon Specific: Not 2 R
- STRATEGY 1] Good:Mon Spec 3 R
-ALERT_KEY 1] Good:Man Spaclflc Not 4 R
Ed-t0DE_BLK g
--BLOCK_ERR <Mones Good:Mon Specific:Mot B RO
--SMUL_COMM_EMABLE Enable simultaneous communications on all the Good:Mon Specific:Maot i R
E-MASTER_TVFE ]
- PFrimary. Good:Mon Specific: Mot 1 R
Frimary. Good:Mon Specific:Mot 2 R
PFrimary. Good:Mon Specific:Mot 3 R
Frimary. Good:Mon Specific:Mot 4 R
Frimary. Good:Mon Specific:Mot A R
Frimary. Good:Mon Specific:Mot B R
Frimary. Good:Mon Specific:Mot 7 R
Primary. Good:Mon Specific:Mot 8 R
EH- HETHIES ]
- COMM_ENABLE True. Good:Mon Specific:Mot 10 R
B-CHANNEL_ACTIVE 1
H-MASTER_SYMCHRONIZED 12

MEEHE

G aod:Mon Specific:Mat

W atching. 1

‘W atching. Good:Mon Specific:Mot 2 RO

W atching. Good:Mon Specific:Mot 3 RO

W atching. Good:Mon Specific:Mot 4 RO

W atching. Good:Mon Specific:Mot L] RO

W atching, Good:Mon Specific:Mot B RO

i W atching, Good:Mon Specific:Mot 7 RO

e [8] W atching. Good:Mon Specific:Mot g RO
FH-CHAMMEL_EFFICIENCY 15
F-INVALID_PREAMBLES 16
E-INVALID_S0M 17
E-INVALID_FRAMES 18
E-ALID_FRAMES 19

--SCRATCH 00 00 0000 00 00 00 00 00 00 00 00 00 00 00 Good:Non Specific:Not 20 R/

E-UFPDATE_EVT 21
E-BLOCK_ALM a2

CarelEdi, | Edt | Close | Help

Figure 3.2 — Operation and diagnosis parameters

HART Communication Operation Parameters

o FIRMWARE_VERSION: A parameter indispensable to solve problems. If something is not
working properly, confirm the equipment version before contacting the technical support.

¢ COMM_BEHAVIOR: Defines the HI302 behavior. It can operate in two ways: if the parameter is
Autonomous, the HI302 communicates with the HART devices by using the previous
configuration, i.e., in an independent way. The second way uses bypass parameters to send
and receive HART messages. To do so, this parameter should be configured as Bypass.

e COMM_ENABLE: This parameter has two important functions:
¢ Todisable the whole HART communication for maintenance and configuration changes;

+ To validate the configuration loaded in the equipment and then begin the communication
(afterwards). Its first value is DISABLED. Before making any change in the block
configuration, (a must) set it on ENABLED, stopping the HART communication. After the
configuration download, this parameter should be re-set to ENABLED.

When changing the channel in the HIRT block or downloading new configurations, this
parameter is automatically set on DISABLED, stopping, then, the HART communication in all
channels. When the download finishes ENABLED must be set manually. If this procedure is not
performed, the HI302 will not work properly.
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e CHANNEL_ACTIVE: This indicates how many HIRT blocks are instantiated for each HART
channel. If no HIRT block is instantiated for the channel, the corresponding element of this
parameter will display NO and the channel will be deactivated. As a result, there will be no device
communication or scanning. The LED channel will blink at approximately %2 Hz. This parameter is
useful to check the configuration. The HVT block is also counted in this parameter.

e MASTER_TYPE: This parameter allows for adjusting the channel as a Primary master or as a
Secondary master. Remember that each channel is an independent master. In normal conditions,
the channel should be a primary master in order to permit the use of a portable configurator.

e RETRIES: This parameter adjusts the number of times the HI302 will try to communicate with a
device, before detecting that the device doesn’t respond. The standard value is 3 retries.

HART Communication Diagnostic Parameters

¢+ MASTER_SYNCHRONIZED: Indicates if every Master channel has synchronized the
communication layer and if each is ready to transmit the HART messages in normal operation
or in Bypass mode.

¢ CHANNEL_MODE: Indicates if the channel is operating normally or there is any device in
BURST_MODE.

¢ MASTER_STATE: Shows the status of the HART channel at every moment:.

e WATCHING, indicates that the channel is only reading data that passes through the line
and are crucial to keep the synchronism if there is another Master or any device in Burst
mode.

e ENABLED, the channel is free to send a HART message.

e USING, indicates that a message was sent and a corresponding response is expected. The
response has to be sent within the maximum number of retries configured in the RETRIES
parameter.

+ COMM_ERRORS: shows the percentage of detected errors in the communication of each HART
channel. If the error percentage is lower than 0,5%, communication is in high quality.

¢+ REQUEST_COUNTER: Totals the number of messages sent by each channel, including the
retries.

¢ RETRIES_COUNTER: Totals the number of repetitions for each channel. A high value in this
parameter (>0,5%) may indicate any installation problem or any command not supported by the
device.

¢ INVALID_SOM: Totals the number of invalid SOM (Start of Message) detected in the channel.
A high value in this parameter may indicate installation problems or any device with a problem.

¢+ INVALID_RX_FRAMES: Totals the number of HART messages received but not considered
because of any inconsistency in the message, for example, checksum error.

¢ VALID_RX_FRAMES: Totals the number of valid messages received and processed by the
HI302, even if they are not addressed to it, for example, OACK, OBACK, STX etc.

The counter parameters, used for diagnostic purposes, are always reset when the
COMM_ENABLE parameter goes to ENABLED.
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Configuring the HIRT Block

This block has a set of parameters that map all of the HART variables that can be accessed by the
universal commands and by the some of the most usable “common practice” commands.
Remember that there is a HIRT block for each HART device installed and that the configuration may
vary according to the application mode and type. For more details about the supported commands,
check Appendix A.

On Line: HI302I - HART Identification Information and Real Time Data Block - HIS02I-HIR i || 5[
= 5 = oeE | Tiee [1R8
[<]o]o[@® s la[@ @A [ 5L [6 BIEIE ¢|
| Parameter | Yalug | Quality | Changed | Offset | Handling | ﬂ
~HART_CHANMEL 1 Good:Mon Specific:Mat L 7 R
FOLL_ADDR 1 Good:Non Specific:Not L 8 R
~HART_TAG Unknawn Good:Mon Specific:Mat L 9 R
~HART_LOMG_TAG Unknown Good:Mon Specific:Mot L 10 R
~HCD_SEL 5 Good:Mon Specific:Mat L " R
-1D_CMD a Good:Mon Specific:Mot L 12 R
|D_METHOD Automatic. Good:Mon Specific:Mat L 12 R
~POLL_CMD 3 Good:Mon Specific:Mot L 14 R
POLL_CTRL Paling Enable Good:Mon SpecificzMot L 15 Rt
[H-COMMON_CMD_CTRL 16
DEY_IDEMTIFIED The device was not identified yet or there is sonGood:Mon Specific:Nat L 17 Rt
~BLK_EXEC_STATE Old Data Good:Mon Specific:Mat L 18 RO
UNIQUE_ID 00 0000 00 00 Good:Non Specific:Nat L 19 RO
~HART_BYPASS_REQUEST 0000000000 00 00 0000 00 00 00 00 00 00 Good:Non Specific:Mot L 20 A
HART_BYPASS_RESFONSE 0000000000 00 000000 0000 00 00 00 00 Good:Non Specific:Nat L 21 RO
~HART_BYPASS_STATUS Idle Gaood:Non Specific:Not L 22 RO
COMM_ERR No eror Good:Non Specific:Not L 23 R
~RESP_CODE Success Good:Mon Specific:Mat L 24 RO
DEVICE_STATUS <MNoney Good:Non Specific:Not L 25 RO
~MAN_ID Smar Good:Mon Specific:Mat L 26 RO -
~DEY_TYPE 1} Good:Mon Specific:Mot L 27 RO
MNP_REQ 1} Good:Mon Specific:Mat L 28 RO
LINI_REY 1} Good:Mon Specific:Mat L 29 RO
SPEC_REY a Good:Mon Specific:Mat L 30 RO
Swf_REV 1} Good:Mon Specific:Mat L 3 RO
HRDW_REY a Good:Mon SpecificzMot L 32 RO
~FLAGS <Mone» Good:Mon Specific:Mot L 33 RO
DEV_ID aooooo Good:Mon SpecificzMot L 3 RO
~MMNP_RSP 2 Good:Mon Specific:Mat L 35 R
Max_VaR a Good:Non Specific:Mot L 36 RO
~CFG_COUNT a Good:Mon Specific:Mat L Er RO
EXT_STATUS Disabled Good:Non Specific:Not L ag RO
[I-F4_MA 39
- 5TATLS Bad::OutDfS ervice:NotLimited Good:Non Specific:Not L 1 R
ebLUE a Good:Mon Specific:Mat L 2 RO
LODP_TEST 1} Good:Non Specific:Not L 40 R
~LOOP_CMODE Mot Used Good:Mon Specific:Mat L 4 R
[®-Fv_PERC 42
~PW_CLASS Reserved Good:Mon Specific:Mat L 43 RO
~P_LIC deoC Good:Mon 5pecific:Mot L 44 R
STATUS Bad::0utOfS ervice:MotLimited Good:Mon Specific:Mot L 1 R
a Good:Mon SpecificzMot L 2 RO ;I
EencelEd | Edt | Cose | Hep |

Figure 3.3 — Universal and common practice commands

A minimum set of parameters needs a configuration to allow the HI302 to work properly. Most of the
parameters have standard values that are suitable for many operation cases. Thus, it is not
necessary to download them. However, a comprehensive analysis must be done in order to
determine the best profile for each device configuration. The HI302 offers several resources that
must be understood. The parameters that require configuration to work are the following:

¢ MODE_BLK: Should be set on AUTO. If it is in OS, the communication with the respective
device is interrupted. When the block is set on OS, it returns to the initial Identification state.
When it is set on AUTO, all the update and identification processes are repeated.

¢ HART_CHANNEL: Indicates the channel on which the device is installed, from 1 to 8. In normal
operation, any change in this parameter will stop the HART communication. See the
HCFG.COMM_ENABLE parameter.

+ POLL_ADDR: Indicates the polling address that has been configured in the device, from 0 to
15. This address is used to recognize the device if the command 0 has been selected in the
ID_CMD parameter.

IMPORTANT

If the HART communication is enabled and this parameter has been written, the HI302 will accept
the writing in the HART device and will generate a writing transaction. To change this value,
without doing it in the device, write DISABLED in the HCFG.COMM_ENABLE parameter or set
the block on OS.

¢ HART_TAG: the HART device’s tag that can be configured by the HI302 module or by a
portable configurator. It supports 8 characters and is used by the command 11 to identify the
device. The same POLL_ADDR writing observation mentioned above, applies here.
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¢ ID_CMD: This parameter indicates to the module which universal command identification (0, or
11) will be used to identify the device. The standard value is 0:

e The command 0 uses the “polling address” (POLL_ADDR) and is the most used command.

e The command 11 uses an 8-character tag and can be used provided the device has a tag
configured in the block through the HART_TAG parameter. This option is indicated when
there are equipments in multidrop.

IMPORTANT

The identification using TAG is very useful when the device is operating in the multidrop mode and
the analog signal is enabled, ranging from 4 mA to 20 mA. In this case, the polling address for all
devices in the channel should be 0 making the identification impossible through the command 0.

IMPORTANT

If the command 0 is selected, the HI302 will find the device by scanning the polling address from
0 to 15. This is a useful function if the user does not know the device’s polling address and its Tag
because it identifies the device automatically. This function must not be used in multidrop
topologies for obvious reasons.

¢ POLL_CTRL: Indicates if the HI302 will keep polling the device.

IMPORTANT

The HI302 will poll the device only if the block has performed the initial procedure successfully
and reached the UPDATE status. See the BLK_EXEC_STATE parameter.

¢ COMMON_CMD_FILTER: This parameter is a set of filters that prevents a HART command
configured and not supported by the device, to be sent. Their elements should be filled in the
HCD block with the definition index of the HART command. See the chapter “Example of
Configuration” for more details.

¢ VIEW_SELECTION: Allows the user to choose the group of variables to be updated cyclically in
the polling, according to the following table:
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DYNAMIC VARIABLES POLLING MAP - VIEWS DESCRIPTION

View number

00

01

02

03

04

05

06

07

08

09

-
—

13

14

15

16

20

21

22

23

25

26

27

29

Needs Configuration?

<

=<

<

=<

Polling cycle ~ [s]

N

w

o

N

Parameter name

COMM ERR

DEVICE STATUS

XX

XX

ADDITIONAL STATUS

XXX
XXX

XXX

XXX

XXX
XXX
XXX

LOOP_CURRENT

PV _PERC

XX PX|X X

PV _UC

PV_VAL

SV _UucC

SV VAL

TV Uc

TV VAL

Qv _ucC

QV VAL

XXX PP XX P XXX XX

XXX PP XX PX XX

A1 UC

A1 VAL

A2 UC

A2 VAL

A3 UC

A3 VAL

A4 UC

A4 VAL

XIXPPX XXX X

XIXPPX XXX X

XIXPPX XXX X

XIXPXPXIXIXPX X

B1 UC

B1 VAL

B2 UC

B2 VAL

B3 UC

B3 VAL

B4 UC

B4 VAL

XXX X PX XX

XXX X PP PP P PX XX P PX

XXX XXX XX

XX PP XX PP XX PX P

C1 UC

C1 VAL

C2 Uc

C2 VAL

C3 uc

C3 VAL

4 Uc

C4 VAL

D1 _UC

D1 VAL

D2 UC

D2 VAL

D3 _UC

D3 VAL

D4 UC

D4 VAL

P XX PP X X PP P IXPXPXPX X

XX XX PP X X PP XX PP PP XX P PX X

P XX PP X XXX P IX PP PR X

S XX PP X XX PP PP PP PR PP PP PP PP PP

S XXX X PP XX PP PP PP P XX PP XX PP PP PP XXX X

XX XX PP X X PP P IX X PX P&

S XX P X X PL PP PP XX P PP PX X

XX XX PP X X PP P IXPXPX PR X

XX XX PP X XX PL XX PP P PP PP XX PP PP PR P

KPP P XX PP PP PP PP PP P PP PP P X

Configuration needed? : N means that no additional configuration must be done in order to read/write
the VIEW-related parameters. Otherwise, if Y, the corresponding parameters XX_CODE must be setto a
proper value in order to tell to HI302 which HART variables are associated which the parameters. This is
necessary because HART command 33 is used to read those values and HI302 takes the values stored
at XX_CODE parameters to assembly HART command 33. Check the device's specific documentation to

find out the variable codes associated with command 33.

Poling cycle ~[s] : represents the approximate time that each polling cycle will take for that particular

VIEW. This time is evaluated as 1 second for each HART transaction (issued command).
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Configuring the HVT Block

The HVT block can be seen as a complement for the HIRT block. It includes all non-mapped
variables in the HIRT block. Therefore, it is not necessary to have all of the parameters configured,
except the following:

+ MODE_BLK: Should be set on AUTO. If it is set on OS, the block operation will stop. When the
block is set on OS, it returns to the initial Identification state. When the block is set on AUTO,
the block identification and the update process is repeated if there is a valid TAG in the
DEV_TAG_SEL parameter.

¢ DEV_TAG_SEL: This parameter doesn’t need to be configured for the download. It connects
the HIRT block to the HVT block temporarily, allowing the HVT block to communicate with the
HART device. This connection is made through the HART_TAG parameter. If the supervisory
software has to read the HVT parameters for any device, it should fill the device’'s HART_TAG.
The HVT block then searches in every HIRT block for a written HART_TAG in order to make an
association with it automatically. Then, it identifies the HART device and the specific command
configuration to be used, as long as this configuration is stored in the Flash memory of the
HI302 or in any HCD block. See the chapter about Functioning Theory for more details.

HI302-I - Configuring the MAI Block

All HI302-1 inputs have an input circuit for the 4-20 mA acquisition. So, it is possible to instantiate a
block with a multiple analog input or with 8-output parameters that provide the percentage value of
the analog input related to the 16 mA span (4 mA = 0% and 20 mA = 100%). This block needs no
configuration to operate.

e MODE_BLK: Set on AUTO.

See the Function Block manual for more details on configurations and options.

HI302-0 - Configuring the MAO Block

The HI302-O has 8 HART channels in parallel to circuits that control the loop current and the
actuators connected to them. The input parameter value should always be written in percentage.
The following parameters should be configured:

e MODE_BLK: Set on AUTO.

There are other configuration options, for example, the output value in case of failure.
See the Function Block manual for more details on configurations and options.

Starting the HI302 Operation

After configuring the block, download it. Upon the download completion, set the
HCFG.COMM_ENABLE parameter on ENABLED to enable the configuration and start the HART
communication over all channels.

IMPORTANT

After the download is completed, the configuration should be saved in the non-volatile memory.
Saving is automatic and starts with the download. It will take approximately 20 minutes, according
to the configuration size. While the SAVING LED is lit, the HI302 cannot be turned off or reset,
otherwise, the configuration will be lost..

If the user has devices whose configuration is already in the HI302 memory, e.g. Smar devices, go
to the chapter about operation and functioning theory. In case the user has to set a specific
configuration, see the chapter about advanced configuration, first. For more details on how to
configure the HI302, visit our site www.smar.com.
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Calibrating the HI302 analog boards

In order to achieve the most accurate operation of the HI302-1 or HI302-0, it is important to calibrate
the analog boards. During the factory tests, a preliminary calibration is done, being sufficient for
most applications. However, it may be necessary to perform a new calibration in the field. To do so,
follow the steps described in the Help of the HCFG.ANALOG INPUT_TRIM or
HCFG.ANALOG_OUTPUT_CAL parameters. See a summary below.

When the calibration is done, it is valid for the pair GLL1193+(GLL1205 or GLL1194). If the
analog board has been changed for any reason, a new calibration should be done because the
calibration data is stored in the base board for that particular analog board (GLL1193).

HI302-I Calibration (GLL1205)

To calibrate a GLL1205, the user should use an accurate current source and follow the steps below:

1. Apply a 12 mA current (50% of the 16mA span) to each input. The calibration can be done in
only one channel or in all of the 8 channels at once.

2. After stabilizing the current, write the number of the desired channel on the
HCFG.ANALOG_INPUT_TRIM parameter or write All Channels to calibrate all of them at once.

3. Check, in the MAI block, if the value of the current is 50%. If the reading, in any channel, is
incorrect, re-do the procedures.

4. If the reading in the 8 channels is 50%, write on the HCFG.ANALOG_INPUT_TRIM parameter
the Trimmed and Checked value in order to save the calibration data.

5. Wait until the SAVING Led turns off and then, turn off the device.

The accuracy of the HI302-I analog input is approximately 0.15% of the span for all the operation
temperature range (0 to 50°C). During operation, for the temperatures around the calibration one
(2 °C), the accuracy can reach approximately 0.05%.

HI302-0O Calibration (GLL1194)

The user should use an accurate multimeter to calibrate the GLL1194. Follow the steps below:

1. Write 50% on all of the input parameters of the MAO block.

2. Measure the current in each loop using the multimeter. Write each read value on the
corresponding element of the HCFG.ANALOG_OUTPUT_CAL[channel] parameter. Write all of
the numbers displayed on the multimeter to maximum accuracy.

3. Measure the current again and check if its value has changed, that is, approximately 12 mA.

4. In case the current has changed, write on the HCFG.ANALOG_INPUT_TRIM parameter the
Trimmed and Checked value to save the calibration data.

The accuracy of the HI302-O analog output is approximately 0.5% of the span for all of the
operation temperature range (0 to 50°C). During operation, for the temperatures around the
calibration one (2 °C), the accuracy can reach approximately 0.1%.
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Chapter 4

Advanced Configuration
Specific HART Command Configuration with HCD and HWPC Blocks

The HI302 allows the use of any HART device with a suitable configuration for reading and writing
the necessary variables. As seen previously, all of the Universal and some Common Practice
commands are available in the HIRT block, therefore no additional configuration is necessary. The
whole group of Common Practice and Universal commands depends on extra configurations that
can be stored in the FLASH memory of the HI302 or in the HCD and HWPC blocks. This chapter
contains information on how to create a simple configuration by using the HCD and the HWPC
blocks.

Basic Instructions on HART protocol

HART is a master-slave protocol and is loosely organized around the ISO/OSI 7-layer model for
communication protocols (see the table below). The application layer is the topmost layer in the
Open System Interconnect (OSI) model.

OSl Layer Function

Provides the user with network Command oriented.
o vi user wi W _
[ Application capable applications. Predefined data types and

application procedures.

Converts application data
6 Presentation between network and local
machine formats.

Connection Management Services

GBI Session T
for applications.

4 Transport Provides network independent,
transparent message transfer

3 Network End tq end routing of packets.
Resolving network addresses.
Establishes data packet structure, . .

p Data Link framing, error detection, bus A bllnary, byte oriented, Token

o passing, master/slave protocol.
arbitration.
. Mechanical/electrical connection. S_lmult.aneous analog & digital

1 Physical . . signaling. Normal 4-20 mA copper

Transmits raw bit stream. wiring

The Application layer in HART defines the commands, responses, data types and status reporting
supported by the protocol. In addition, there are certain conventions in HART (for example how to
trim the loop current) that are also considered as part of the Application layer.

Types of HART Commands
The HART Communication Foundation (HFC) arranges the commands into three categories:

e Universal Commands: The Universal Commands must be implemented in the HART devices.
These commands have a well-defined format, assuring the interoperability between different
systems, for example, a Smar device and a third portable configurator. The HIRT block
supports all of the Universal commands.

¢ Common Commands (Common Practice): These commands also have a well-defined
structure and syntax. However, it is not mandatory to implement them, that is, the user is free to
do it or not according to the device functionality. The configuration of the standard commands,
used by the HIRT block, implements these commands, for example, the command 33. The
device may not support some commands. As a result it is necessary to use the common
command filter. See the Appendix B for more details.
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e Specific Commands: These commands allow the user total operation flexibility. Thus, it is
possible to know their syntax. To do so, the HI302 has blocks that allow the user to make a
configuration to use any accessed variable (reading or writing variable) through the specific
commands. See below an example of how to create a configuration.

Describing the HART commands

The structure of the HART command is similar regardless of the category. See below
some examples of HART commands and how to create a reading and writing
configuration for the variables. For a more detailed explanation, see the device manual.
We will use Universal Commands, although any HART command can be described the same way.

Important: Get the HART command documentation beforehand, as shown later in this manual. Get
these documents from the HART manufacturer.

Since it is a transaction oriented protocol, every HART command has two sections: REQUEST data
and RESPONSE data.

Each section is composed by fields divided into bytes. Each field has a specific size in bytes and a
type, such as the 8 bit integer or a 32 bit number in a floating point. It is important to identify each
field type to get the HART command description together.

Setting the definition of the HART Commands

Each HCD block parameter has the definition of one HART command, that is, 50 different
commands can be described. This definition has information about the HART Command and about
all the elements that compose this command. Each HART operation, related to a HART command,
is composed of two messages: Request, a message from the master to the device, and Response,
the answer for the master’s request. The definition has the following HEXADECIMAL format:

| Byte1 | Byte2 | Byte3 | Byte4 |Byte5 | Byte6 |Byte7 |Byte8 |Byte9 | .. [ ByteN |

The first four bytes of the command definition are the header, and they mean:

[Byte 1] [Byte 2 | [Byte 3 | [Byte 4 |

Command category. It indicates the command type:
Writing (1), reading (0), execution (2) or identification (3) ( 1 byte).

HART Command (1 byte)

Extended Command, if existing (2 bytes)

L Extended Command, if existing
Figure 4.1 —Syntax for the description of the HART command
The command can have the following values:

=  0x00 — READING: command 3 for example.

= 0x01 — WRITING: command 18 for example.

= 0x02 — EXECUTION: commands that do not have arguments, neither from the REQUEST nor
the RESPONSE, for example, the command 42.

= 0x03 — IDENTIFICATION: the commands used to identify the device, such as 0 or 11.

After the definition header, there is the command definition composed of fields with four bytes each.
Each four byte-field defines a HART variable used in the command sending or received in the
answer. In the HCD block, there are definition parameters with 10 and 25 variables. The first 40
parameters only support 10 variables, and the remaining 10 parameters support 25 variables.
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|Byte 1| |Byte2 | |Byte 3 | |Byte 4 |

Type of data (1 byte)

Length of the STRING or CONSTANT (1 byte)

Extended Command, or CONSTANT if existing (1st byte)
Extended Command, or CONSTANT if existing (2nd byte)

Figure 4.2 -Command definition

The data implemented are the following (always with reference to the HART protocol):

Type of Data Request Response
No data 0x00 0x00
Unsigned 8 (converted into unsigned 16) 0x01 0x81
Unsigned16 0x02 0x82
Unsigned24 (converted into unsigned32) 0x03 0x83
Unsigned32 0x04 0x84
IEEE7548S, Float Single Precision 0x05 0x85
IEEE754D, Float Double Precision 0x06 0x86
Packed ASCII (converted to ASCII) 0x07 0x87
ASCII 0x08 0x88
Date 0x09 0x89
Constant 0x0A O0x8A

IMPORTANT: The first bit of each type defines whether the variable is present in the request or
response. For example, an Unsigned 8 used in the request will be 0x01. If used in the response, it
will be 0x81.
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Configuring the HCD block

Each configuration must receive a code, in order for the configuration to be found, when the HI302
needs to run the HVT block configuration. This code is specific for each HART equipment and
should be written in the HCD_CODE parameter. The code is formed by 5 bytes:

=  MAN_ID: equipment’'s manufacturer ID

DEV_TYPE: device type

UNI_REV: version of the universal HART commands

SPEC_REV: version of the specific command covered by the configuration

SW_REV: resident software version in the HART equipment.

When operating, these 5 bytes are read from the HIRT block in order to find the configuration to be
used by the HVT block. Look in the manufaturer's documentation or the reading by the HIRT block
to obtain these values.

The HCD block has the parameter DEVICE_INFO, where the information should be placed for the
identification of the configuration, such as the device’s name, model, firmware version, etc. These
informations, as well as the HCD_CODE, are shown in the HVT block when in operation.

On Line: HI302I - HART Commands Definition Block - HI3021-HCD o ] |
= L oer | Teee | Tas
[«[> o @] [a[@BE =[5 I__I_J_I ]

Farameter | Walue | Quality Changed | Olffget | Handling =
--5T_REW 32 Good:Mon Specific:Not Lirnited 1 RO
--TAG_DESC HART Command Definition Black Good:Man Specific:Mat Limited 2 R
- STRATEGY 1 Good:Mon Specific:Mat Limited 3 R
-t ERT_KEY 2 Good:Man Specific:Not Limited 4 R

E-MODE_BLEK. 5
--BLOCK_ERR <Monex Good:Mon 5pecific:Mat Limited E RO b
--HCD_CODE E4573 Good:Man Specific:Mot Limited 7 R
--DEVICE_IMFO Smar Fr'301 Specific Commands Good:Mon Specific:Mat Limited 8 R
--DEVICE_YERSIOW  1.03 Good:Mon Specific:Not Limited 3 R
--HART_YERSIOM 5 Good:Man Specific:Mot Limited % 10 R
--CMD_00 2345 6F 74 9C 44 14 08 0D 64 00 00 00 00 0MGood:Non Specific:Nat Limited 1l R
--CD_01 11 55 88 B? 16 74 FD 06 B8 94 54 BC 77 BF 1:Good:Non Specmc Not Limited % 12 R

ChD_02 3 WA A% BB 12 09 B 00 87 44 00 00 05 ood:Non Specific:No b 3 T
--CMD_03 DD DD DD DD 000000 00 00 00 DD DD 0000 00 Good:Non Specific:Nat Limited 14 R

CrD_04 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 Goeod:Non S pecific:Nat Limited 15 Riwd
--CMD_05 0000 00 00 00 00 00 00 00 00 00 00 00 00 00 Good:Non Specific:Nat Limited 16 R
--CMD_06 0000 00 00 00 00 00 00 00 00 00 00 00 00 00 Goeod:Non Specific:Nat Limited 17 R
--CMD_07 0000 00 00 00 00 00 00 00 00 00 00 00 00 00 Goeod:Mon Specific:Mat Limited 18 Riwf
--ChD_08 0000 00 00 00 00 00 00 00 00 00 00 00 00 00 Goeod:Non Specific:Naot Limited 13 R =

< | o]

CancelEd | Edt | Cose | Help |

Figure 4.3 — HCD block configuration

Mapping the HART variable as FF parameters

To configure the HCD block, the user should have the HART documentation describing the
commands to be used. Using the HART command description, the user should list the HART
variables to be accessed, paying attention to their type (1 byte, 3 bytes integer, float, packed ASCII,
ASCII, etc).

HVT Allocation Map and Command Description

It is possible to build a configuration used by the HIRT block. In most situations, it is recommendable
to use the standard configuration (5 or 6), since the HCD and HWPC blocks will define specific
configurationsto be used by the HVT block.

The HVT block has parameters of general use that are arrays with the following type of parameters:
Unsigned 8, Unsigned 16, Unsigned 32, Float Single Precision and String. In order for each of those
parameters to have a useful meaning, it is necessary that it is associated to a HART variable. See in
the Appendix C, a model of the Allocation map.
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Request Parameters

Each Request Parameter is described by two types of information: the TYPE (1 byte) and the
LENGTH (1 byte), for STRINGS or CONSTANTS, besides the relative index and the sub-index
corresponding to the HIRT or HVT block, where the parameter is stored. The parameters are
described by their sending sequence in the HART frame. Even if the parameter is from a different
type, the HI 302 converts automatically. Remember that the DATA TYPE should always appear in
the documentation of the HART command and not in the parameter type of the FF block. The
parameters are described in order in the HART frame.

Response Parameters

The Response Parameters are described the same way as the Request Parameters.

= The most significant bit should be “one” in the RESPONSE DATA TYPE field. There will be an
implicit conversion for reading and storage data.

= When the type of data is Packed ASCIl or ASCII, the definition will have a second byte (string
length) that will indicate the length of the string that must be read and saved in characters, or the
size of the constant, which could be 1 or 2 bytes.

What About the RESPONSE CODE?

It is up to the HI302 to read the RESPONSE CODE for each transaction concluded successfully and
to update the corresponding parameters (COMM_ERR, RESP_CODE, DEVICE STATUS,
parameters’ status DS-65, etc.), so don’t worry about the configuration for the response code, for
the HI302 reads both bytes automatically.

The mapping and the estimated configuration could be done as it follows:

4.5



‘asuodsay ayj 0} Aj3oalip ob ||Im am ‘ysanbay
8y} Uo Juss aq 0} S8|geleA OU aJe aJay} aoulg “a|dwexa ue se Ajuo pasn ‘puewwod HNIQYIY B 1ou ‘puewwod NOILYDI4ILNIAl ue Ajjeuibuo si 9 puewwod ay| e

00x0

00x0 00x0

00x0

Z puewWoO) papuax3y

I puBWWOY papud)xy | puewwiod 1NVH

puewwo)
LYVH 8y} jo Kiobajen

JapeaH

‘pPoAIosal ale
GGZ PUB $GZ S|oAST "9JBM}JOS S,801A8P BUj} JO [9AS] MBIASY g-paubisun 9
"90IA8P B} JO [9AS] MBINSY g-paubisun S
"201nap 8y} Aq pajuawaldwi
PUBWIWOY [BSIBAIUN BY} JO MBIADY UleW Y} JO JaqWINN g-paubisun ¥
-abessawl ay) jo Buluuibaq ay} j10818p
0} (Mwi17 8y} 03 Buipioooe) siahe [BoISAUd SNOUOIYDUASY
ul pasn sajqueald yjoq sapnjoul Jaquinu Siy| "dAe|S
ay} 0} Js)se\ oy Aq padinbai Jaquinu sajquieald Wnwiuljy g-paubisun Iy
adAy Juswinisy wnug z
"9poo (| SJainjoenuely wnug l
JYSe, | g-paubisun 0
uonduosaq jewio
ejsodsay ap sopeq
BUON

uonduoasaqg

jewio

oe3isinbad ap sopeq

ssaippe Buijjod ayj Buisn 1913Uudpl [ESISAIUN ) PUBWIWIOYD o

0 puewwo)

uoneinbiyuon passueApy



| 90 90 00 180 €0 00 L8 0 90 00 18 €0 €0 00 18 20 90 00 L8 L0 €0 00 L8 00 00 00 V8 00 00 00 00 |

4009 GOH @} Jo Jejewesed (G0X0 - L1 Xapu| 2ARE|9Y) 00~ QIND BY} Ul USLM 8q PINOYS Jey) anjep

‘uondiosap paau },uop sa|qeleA BuImol|o) 8y "YIXIS 8y} [iun sanjeA ay) Builedsip ‘oAl 1Sl 8y} aqLIOSap
0] AJBsSS99au S| )| "1saJajul JO SI d|qeleA yiis ay) Ajuo asoddng "sajgelieA paquosap ay) sassao0id Ajuo ZOEIH dYl ‘@ousnbas ay) ul Sa|geLIeA JaYl0 SBY pUBWIWOD dy) JI USA]

"0 ON[eA JU} BAI50a] M IAI LV 199 XIANI o0 08 ‘passaooud
sI asuodsal sy} usym papJedsip aq |Im pue Jsjsweled Aue o} paddew aq 0} paau Jou Seop )i 0S ‘PGZ 8q SABM|E |IM () PUBLLIWOD 8y} JO asuodsal ay) UO paAledal 8lAq isii 8y |

90%0 g0x0 00%X0 L8X0 gpaubisun [o]L”AVHYY d8n € gpaubisun 90INS(J BU} JO MBINSY SIEMYOS
GOX0 g0%0 00%0 18X0 gpaubisun [S]L~AVYYY d8n € | 8peubisun “M3INSY BoIned
¥0X0 g0%x0 00%0 L8X0 gpaubisun [Pl " AVHYY d8n € gpaubisun ‘SPUBLILLOY [ESISAIUN S} JO MBINSY
£0%0 g0%0 00%0 18X0 gpaubisun [€]LAVYYY d8n € | 8peubisun ‘S8|quiesld JO Jsquinu wWnwiuiy
20X0 g0%x0 00%0 L8X0 gpaubisun [2]L”AvdYY d8n € wnu3 "opoo adf} seaineq
L0X0 g0%0 00%0 18X0 gpaubisun [L]L~AVYYY €8N € wnug 9P I SA8IMOENUEI
00X0 00X0 00%X0 v 8X0 JueIsu0) opepueosaq €« gpaubisun ¥GZ, JUBISUOD
xapuiqng Xapuj yibua apo) adA] lajawesed I AH &« adA] a|geneA 1MVH

jenuejy s.18s) - Z0€IH



asuodsay ay} 0] Jybiesis ob [Im am ‘0S "jsanbay oy} Y)Im JUss 8 0} SO|JeLIBA SABY JOU SO0 PUBLLIWIOD SIY| o

00%0 00%0 €0%X0 00%0
puewwo)
¢ puewuwo) papuax3y | puewwog papussxy | puewwo) 1yVH LY¥VH 3y} jo LioBajen
JopeaH
a|qeren Aeusspenp jeold €¢-0C
apoD JuN d|geleA Aleusspenp wnu3g 6l
a|qeren Aea | jeold 8l-Gl
9poD JuN 8|qenren Aene | wnuzg 14
a|qeuep Arepuooeg jeo|4 €1-01
8poD JUN d|gele Alepuooss wnug 6
d|qele/ ulejy jeold 8-G
8p0J JuN 8jqeueA uleiy wnuzg ¥
(sasadwelw) sjgeue uiepy ayy jo uaiing doo 1e0|4 -0

uonduoasaqg

jewo

ejeqg asuodsay

uonduasag

jewoH

BUON

ejep jsanbay

‘sa|qelieA ojweulp pauyap-aid s Jainjoejnuew Inoj pue jualind dooj ayj speal g puewiwon

€ puewwo)

uoneinbiyuon passueApy



67

| G001} 0058 V09000 18 #0 0L 0058 60 €0 00 18 €0 0} 00 S8 80 90 00 L8 20 0L 00 S8 20 €0 00 L8 L0 0L 00 S8 00 00 £0 00 |

3009 GOH 9U} Wod) (D0X0 - ZL 9AIE|3Y X3pu|) L0 AIND Ja1eWweled sy} Ul usiLMm 34 0} Sey Jey) anjeA

‘pPasn aq ued X~ AVHYY 98N 8u}
10 sugjoweled Auy "Alessadau Jou S| jey| ‘puewwod g 8y} Jo sa|qeleA ay} dew 0] pasn asoy} buimoj|o} ale siajawieled gpaubisun ay) jeyl eaAlesqO e

S0%X0 01X0 00X0 G8X0 j1eo|4 [SlL AVHYY 1VO1d | €« | 8O s|qeueA Aeusspenp
200 g0x0 00X0 L8X0 gpaubisun [0L]L AVYYY d8n | €« | Wnhu3 8p0D juN @lqere) Aeusspenp
¥0X0 0LX0 00X0 G8X0 1e0|4 Pl AVYYY 1VO1d | &« | ¥eod slqeuen Aeis |
60%0 g0x0 00X0 L8X0 gpaubisun (6]l AvHYY 98N | €« | Wnu3 8p0D yuN ejqeuen Aeips |
£0X0 010 00X0 G8X0 1e0|4 (€]l AvYYY 1VO1d | &« | 8o s|qeuen Aepuooeg
80%0 g0x0 00X0 L8X0 gpaubisun 8L AVYNY d8n | €« | Wnu3 8poD JuN ®|qerep Aepuodss
Z0oX0 010 00X0 G8X0 1e0|4 (2l AVYYY 1vO1d | &« | eod SIqeUEA UIBN
10X0 g0x0 00X0 L8X0 gpaubisun [2L"AVYYY g8n | €« | Wnu3 ©POD Hun SIqeleA Uley
LOXO 01X0 00X0 G8X0 jeol4 [L]L AVHYY 1VOTd | € | Yeold (Vw) 8igetieA ute a8y} jo Jusung doo1
xapuiqng | xapuj | ybua apo) adA} J9jaweled | AH €« | adfy s|qelleA 18VH

jenuejy s.18s) - Z0€IH



oLy

| 1091 0068 00dl 2028008 9028 0000a0 00 |

00|19 @OH 9y} wody Jajeweled (QOX0 - €1 2ABE|SY Xapul) Z0 AIND SY) Ul USHUM 89 PINoYS Jey) anjeA

‘zepaubisun wn esed opeadew ue o) paddew si adA) 3 1\vyQ 8y} uonduosap SIy} Ul ley) 910N e

L0X0 91X0 00%0 68X0 zepaubisun popeoseq | € | bepaubisun erd
00X0 awxo J0X0 18X0 bung 90 bus | & 1I1OSYV pPaXded Joyduosaq
00%0 81X0 90%0 18%X0 SIS 10 Buls | & | |IOSV Pe3oEd ovli

xapuiqng xapu| ybuaq apod adAL Jsjaweled | AH €« adAL sjqeneA 1¥VH

S| )| "90IA8P 8U) Ul S|qelLBA 9S8y} SalM ‘(UOoNDaS IXau 8y} Ul paqLIosep) gl puewwod sy "sjeq pue JoydLossq ‘Se|geUBA ©Y | 8y} Speal €| PUBWILWOoD 8y |

"90IASP Joyjoue Woly peal 8q Uued yolym ‘Jajaweled 3o0|q
8y} JO anjeA 8y} aAladal pjnom ajeq ay) pue Joyduosap ayy bunezijeniul Jo Buipeal Jnoyum Bey ayy Bunum ‘ejdwexs Jo4 ‘ajqeliea auo ul Buium aiojoq uoneosidde
ay} Aq pazijeniul 8q 0} pasu siajpweled sy} jey) ploAe 0} Japlo ul Bunum ayy aiojeq Buipeal sy} 8)ndexa pue puewwod Buipeas ay) aquUosap sy 0} juenodwi

00%0

Z PUBWIWOY papud}xy

00X0 aoxo 00X0
puewwo?)
| pueWWO) papud)xy | puewwo) I¥VH LYVH 8y} jo Kiobajen
lapeaH
8poQ eleq | pg-paubisun 0z-8l
J0)duosag pa)oed Ll-9
el paxoed G0

uonduasaqg

jewo

ejeqg asuodsay

uonduoasaqg

E]

UoN

jewo

ejeq jsanbay

‘gjeq pue J0)dasag ‘Oy1 8y} Speal g} puewwon e

€] puewwo?)

uoneinbiyuon passueApy



Ly

"se|qelieA asuodsal 8y} ‘Usy) pue ‘paulep ag PINoYs Sa|gelieA jsenbal sy “1senbay U0 jJuss g pPINOYS YoIym ss|deLieA Sey g PUBLIWIOD 8y |

*wba O} [BND3 )iq SIY) SEY So|qeLeA asuodsay ay) ajium ,0,, S adA | sajqelien jsenbay ay) 1o} /1ig 8y} 1By} 9A18SAO

00%0

00x0

4%

L0X0

Z puewWO) papuaxy

L puBWWOY) papud}xy

puBWWOD 1HVH

puewwo? 1¥VH 3y} jo liobajen

JapeaH

"9p00 B)ep pI[eAUl Ue J08}ap 10U ABW S80IABP P[l} SWOS pue ‘ajep 8y} 810)s AJUO S8DIASp JSO|N :9)ON

"$80IABP pI8ly 8y} AQ pasn sanjeA |eal 8y 108|ja) ejep asuodsal 8y} WoJj SenjeA 8y :9)ON

uonduasaqg

apod djeq | te-paubisun 0Z-81L
J0)duosag paxoed Ll-9
bel psxoed G0

jewo

ejeq asuodsay

‘(9)ep uoljeiqIed Xau Jo ise| : )

‘oldwexa Jo}) Jaysibay Joy Jaisely ayr Aq pasn apo) ajeq ye-paubisun 0c-8l
1918169y e 10} Ja)se| oy} Ag pasn Jojduosaq payoed /1-9

bel paxoed G0

uonduoasaqg

jewo

ejeq }sanbay

8] puewwo)

jenuejy s.18s) - Z0€IH




424

| 1091 006800a} D0 /800819028 1091l 0060 00al D0 L0008 902000002 L0 |

009 GOH aU} Wol) (30X0 - ¥1 dAE|SY Xapul) €0 AN Jajeweled ay) ul peal ag pnoys jey) anjep

‘pead aq Ajuo Aew sajqeLiea ay) ‘uoneinbyuod HdMH 3y} Inoyipm “siejoweled paddew sy} uo 83Lm
Aew zoglH 8y} jey} os 32019 DdMH 8y} uo uoneinbyuod Aiejusws|duwiod e ajealo 0} Aiesseoau Si )1 ‘Uofduosap puewiwiod 8y} sapisag INVIHOdNI

LOX0 91X0 00X0 68X0 Zspaubisun peuesslq | ygpaubisun 9led
00X0 aixo 00%0 £8X0 Bums 90 Buus | € | [0SV PAOd Jojduoseq
00X0 81X0 90%0 £8X0 Bums 10 Bus | € | I1OSY PoXOEd ovLl
L OX0 91X0 00X0 60X0 Zepoaubisun paueosiq | &« ygpaubisun dleq
00X0 aixo 00%0 L0X0 Bums 90 bus | € | I1OSY PoXoed 10jdiosaq
00X0 81X0 90%0 L0X0 Bums 10 Buus | € | I1OSV POAOEd ovi
xapuiqng xapu| ybua apo) adA) Jsjaweled | AH €« adAL sjqene A 1YVH

uoneinbiyuon passueApy



Advanced Configuration

What about the parameter writing?

The HART variables that can be written on the device need special attention. Although the
command definition used for reading is needed, information on how this variable relates with the
block parameter where it has been mapped and with the HART writing command. This information
is stored in the HWPC block.

Setting the HWPC block Configuration

The HWPC block completes the configuration done in the HCD block. For each HCD block with
parameters that can be written, it is necessary to have a corresponding HWPC block with the same
code in the definition library HCD_CODE. This value should be written in the HWPC_CODE
parameter.

The HWPC block parameters are 20 position string. Each string allows 4 writing parameters, and
each parameter has 5 bytes.

1. The parameter location in the block.

<Byte1>: Parameter relative index in the block.
<Byte2>: Parameter Sub-index.

2. Parameter Writing Command

<Byte3>: Parameter relative index of the HCD block that defines the command used to write in the
HART device.
<Byte4>: Relative position of the HART variable in the HCD block parameter.

3. Parameter Reading Command

<Byte5>: Parameter relative index of the HCD block that defines the command used for the
parameter reading.

This parameter should have information about HART commands that are used to write and read the
corresponding parameters in the HVT and HIRT blocks. The HWPC block has 30 parameters of this
type, allowing the writing in 30 different HART variables.

IMPORTANT

If the parameter is written and there is no corresponding configuration in the HWPC block, no
HART command will be generated to change the variable in the device, even if there is a writing
command in the HCD block.
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Configuration of the HWPC for the given Example

The configuration for writing operation are for the following HVT parameters:

HVT Parameter Relative Index Mapped HART variable Written HCD Index | Written HCD Index

String_01 24 TAG 14 13

String_06 29 Descriptor 14 13

With this information, just transpose these data for one of the HWPC parameters, as in the figure
below:

=10/ x|
| [& ™)
Fararmeter | Y alue | Cffzet | Han... il
: -BLOCK_ERRA E RO
e HwWFC CODE {7 jias
l:l AwfPC_00 a
~[1] 24 A R
-[2] ] 2 R
-[3] 14 3 R
-[4] 1] A4 R
-[8] 13 £ R
-[B] 29 E R
- [7] ] g R
-[8] 14 B R
-[9] ] 3 R
-[10] 13 A0 Bw
~[11] 1

Cancel Edi | Edit | Close | Help |

Figure 4.4 — HWPC Configuration
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Chapter 5

Initialization

LEDs Status

Operation

An introduction on the module firmware, its overall performance, signal LEDs status and
work in steady state is presented below. See the parameter
HCFG.FIRMWARE_VERSION to know the firmware version.

When initialized, the resident program performs a checkup on the module for its perfect
working condition:

e The hardware’s health, access to memories, access to UARTs, analog board’s
condition, etc;

e Start up on the Fieldbus communication;

e Search for a valid block configuration in the memory. If found, the HART communication
is started.

After this stage, the front LEDs reflects the result of the initialization and the self-
diagnostic.

LED ON

This LED must remain lit, indicating that the module is supplying and that the HOT SWAP
circuit is working normally. If this LED is off and the outside supplying is normal, it
indicates that there is some problem with the HOT SWAP circuit, or that the short-circuit
protection is working. Turn off the module, immediately, restart it a few minutes later and if
the problem continues, send the device to maintenance.

LED FAIL
This LED has three statuses:

e OFF: there is no error to be reported, the minimum configuration has been set,
correctly saved on the EEPROM and the HI302 should operate well.

¢ Blinking: the HI302 has not received the minimum configuration to operate. Send the
minimum configuration via Syscon. Another reason is any fatal error that stops the
HI302 operation. Turn it off and after a few seconds, restart it. If the problem persists,
press the “FCT INIT” button. If these procedures were not effective, send the device to
maintenance.

LED SAVING

The HI302 module has a serial EEPROM to store non-volatile data from its configuration.
However, to avoid the premature wear off of the memory, a mirror of its contents in SRAM
is used. While this LED remains lit, avoid the HI302 to be switched off or reset, as this will
indicate that static data from the SRAM mirror is being saved on the EEPROM.

After sending the configuration to the HI302, this LED may stay lit for a few minutes while
data is being saved permanently on the EEPROM. If it is turned off or reset, this
configuration will be lost, and must be sent again.
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H1 LED

This LED indicates that an activity is going on in the Fieldbus Communication. At each
information package sent by the HI302, the LED will blink. If the LED doesn’t blink, it
indicates that the HI302 is not communicating with the net. Check the H1 segment
configuration (LAS). Then switch off the HI302 and restart it a few seconds later. If it
doesn’t return to the “LIVE LIST” after a few minutes, try a “FCT INIT”. If this step fails,
send the HI302 to maintenance.

CH#1 to CH#8 LEDs
These LEDs indicate the situation on every HART channel, under the following statuses:

e Unlit: the channel is active but there is no HART communication. The devices of the
channel may have problems or their blocks are in OS mode. Check the devices and
the block configuration.

e Lit: indicates the HART communication is deactivated (the COMM_ENABLE
parameter in the HCFG block is at FALSE). This may happen in two situations:

e “Online” configuration change of channels or devices;
e Creation or exclusion of blocks.

e Blinking regularly and fast (2Hz): indicates that the HI302 has not yet received the
minimum configuration, that is, the HCFG block hasn’t been found. Re-download the
configuration or press the Fct Init to correct the problem.

e Blinking regularly and slow (1/4 Hz): the channel is deactivated because there is no
instantiated HIRT block using it. This information is useful to check if there has been a
mistake in the configuration of the HIRT blocks. Check each HART channel
configuration on the HIRT blocks.

e Blinking irregularly: In this status the LED blinks according to the HART rate of
messages exchanged in the channel. If it remains unlit for too long, means the device
may have problems or the configuration may be wrong. See the BLOCK_ERR and
BLK_EXEC_STATE parameter of each HIRT block. After it is set to UPDATED, the
HART communication is ended if polling is disabled on the HIRT block. Consequently,
the LED will be off, if there is no other HIRT block using the channel.

Auxiliary Push Buttons

There are 2 auxiliary push buttons inside the front panel, on the topside, just above the
connectors. The RESET button at left is used to reset and to put the equipment in the
Bootstrap mode in order to update its firmware. The second push button, located at the
right side is used to initialize the memory to its factory state. This second button must be
carefully used.

Understanding the HART Communication

To follow the Communication operations performed by the HI302, the user should
understand the diagnostic parameters from the HIRT block.

BLK_EXEC _STATE parameter

The BLK_EXEC_STATE may assume the following values:

0x00: IDENTIFICATION, means the device is under an identification process or the block
communication is stopped (MODE_BLK = OS).

0x01: OLD DATA, only valid for HIRT blocks. It means the block has detected a HART
device alteration. It sends the command HART 38 to reset the configuration changed flag
in the device. If the HI302 has sent the writing request, the block goes straight to
UPDATED. If the writing comes from an external source, the IDENTIFICATION and
UPDATING process restarts. After this sequence, the ST_REV parameter is always
increased.
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0X02: UPDATING, the block is being updated, that is, the HART commands are being
sent and the information is not yet valid for reading. The supervisory software should wait
until the block becomes UPDATED. In the HVT block case, this process may take a few
minutes since it depends on how many HART commands are sent to the equipment. For
instance, if 60 commands are sent (in the FY301), along with the HIRT block polling
commands the time will be approximately 2 minutes.

0X03: UPDATED, if the commands were sent successfully, the block assumes this status.
To ensure that the polling and the automatic update work properly, the block should be at
this status. If the block is at another status, check the device configuration, the HART
commands used, etc. Once the parameters reached UPDATED, all the data is available
for reading and writing.

0X04: PARTIALLY UPDATED, If the block is at this status, one or more transactions
were not done successfully during the UPDATING process. Make sure the device
supports all of the commands sent by HIRT block, otherwise, filter the not supported
commands in the COMMON_CMD_FILTER.

0X05: NOT RESPONDING, The device does not respond anymore, even performing all
retries.

0X06: BYPASS, The block has no valid information because the communication is in
BYPASS mode (see COMM_BEHAVIOR in the HFG block).

0X07: DEVICE NOT FOUND, It is only valid for HIRT blocks. During the Identification
process, the device wasn’t found by the command selected in the ID_CMD parameter

0X08: HCD ERROR, There may be any configuration error. If it is the HVT block, go to the
HIRT block where the device is and whose HART TAG is written in the
HVT.DEV_TAG_SEL.

0X09: TAG NOT FOUND, It is only valid for HVT blocks. It indicates that no HIRT block
was found for the HART_TAG from the HVT.DEV_TAG_SEL parameter.

0XO0A: WRITING, The block accepted the recording request and has started the
transaction. Set it on OLD DATA and, then change to UPDATE.

BLK_ERROR and DEVICE_STATUS Parameters

The BLOCK _ERR is a parameter of fundamental importance for problem diagnosis both
in the block operation and the associated HART device. For the HIRT and HVT blocks,
according to the last transaction status with the device, the BLOCK_ERR may display the
following messages:

STATUS HART bit ‘ DEVICE_STATUS parameter ‘ BLOCK_ERR parameter
2 Loop Current Saturated Other
3 Loop Current Fixed Local Override
1 Non-Primary Variable Out of Limits Device Needs Maintenance Soon
0 Primary Variable Out of Limits Process variable has BAD status
7 Device Malfunction Device Needs Maintenance Now

Not all bits on the BLOCK_ERR parameter are associated with the HART device failure
conditions and associated with the DEVICE_STATUS. Note the following:

OutOfService: When the block is in OS mode, the BLOCK_ERR will present this bit
already set, regardless of the last device or block operating condition.

ConfigurationError: Indicates that there’s possibly a problem in the configuration or in
the HART commands of the HCD block selected on the HCD_SEL parameter. Check this
parameter.

ReadBackFailed: Indicates when the device stopped responding.
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HIRT block Operation

Once the configuration is stored in the HI302, the user should write ENABLED in the
COMM_ENABLE parameter in order to operate it. When the communication is enabled,
the HI302 performs the following operations:

BLK_EXEC_STATE = IDENTIFICATION. HART device identification configured on each
HIRT block. It is done by using the command configured in the ID_CMD parameter, which
is located in the HIRT BLOCK. If after some RETRIES, the device does not respond, the
BLK_EXEC_STATE parameter of the corresponding HIRT block goes to DEVICE NOT
FOUND. Check the block configuration, the device channel, polling address, the TAG, the
device, etc. If the ID_ CMD parameter is using command 0, a new identification attempt is
performed after 30 seconds, polling the whole address space from 0 to 15.

DEVICE_IDENTIFIED = TRUE and BLK_EXEC_STATE = UPDATING. After the initial
identification, the basic data are read and all corresponding parameters are filled.. The
identification and the reading process last approximately 10 seconds per channel.
Remember that, the 8 channels work normally in parallel, therefore, these initial processes
last approximately 40 seconds for the 32 devices (4 devices per channel). See in the
Appendix B, a list of all of the commands sent in this stage. During the UPDATING
process, only the reading commands are sent.

BLK_EXEC_STATE = UPDATED. Once the data have been identified and updated
successfully, the BLK_ EXEC_STATE parameter goes to UPDATED, allowing access to
the HIRT parameters. Thus, all devices are polled, the dynamic variable values and the
device status are updated, if the HIRT.POLL_CTRL parameter is Enabled. The update
frequency depends on the amount of HART devices in the channel and the number of
HART commands sent on each polling cycle.

IMPORTANT

The POLL_CTRL parameter should be set on Enabled to allow for the HI302 to poll the
device. In addition to updating the dynamic variables, the polling also updates the
parameters that depend on the RESPONSE_CODE parameter, for example, DS-65 and
DEVICE_STATUS. The polling is very important to detect device configuration changes
made by other MASTERS like portable configurators, so, the HI302 can automatically
update the data.

IF any error occurs during the updating process, the block should go to PARTIALLY
UPDATED. See some reasons below:

e The HART device does not support one of the sent commands. Check the
commands using the device documentation (see the Appendixes). Since
“Common Practice” commands are used, the user should filter them by using the
COMMON_CMD_FILTER parameter.

e There was an error during the communication. Check the HCFG diagnostic
parameter to help you to solve the communication problem.

e Set the block on OS and then, change it to AUTO for identification.

If the block is set on UPDATED, the user can associate the HIRT block with HVT block to
read any device variable.

. In normal operation, the alteration flag, located in the Response Code, is checked at each

transaction. If this flag is set, the HI302 starts a reading sequence on the parameter of the
HIRT block, that is, the BLK_EXEC_STATE parameter goes to IDENTIFICATION. The
HVT block does not update automatically and its ST_REV parameter has no useful
meaning. At the end of the reading process, the block should be updated and reflecting
the device’'s data. So, the ST_REV parameter of the corresponding HIRT block is
incremented and will indicate that a parameter was changed.
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HART Variable Writing and Reading

An operation model, based on reading cycles and writing requests, was designed to make
the HI302 use as simple as possible.

HART variables Reading Cycles

The variable reading is always done in-group because of the HART command structure.
Therefore, the HI302 variable readings are done through cycles, that is, the HIRT block
always updates several parameters at the same time (except the writing). When the HVT
block is executed, all of the reading commands from the device configuration are
executed at the same time, following the configuration sequence. See the Appendixes.

When the HIRT block detects any change in the device (BLK EXEC _STATE=0OLD
DATA), it starts an update process and sends again all the reading parameters of the
configuration. The applicative checks if the ST_REV was changed and begins to execute
the HVT block for the device.

Writing on parameters that map the HART variables
Unlike the reading, writing on parameters that map HART variables is done separately for
each variable.

IMPORTANT

Not all parameters related to HART variables allow writing. Writing depends on the
device’s HART version. If the user has any doubt about writing on parameters, check the
HIRT block documentation as well as the HART commands supported by the device.

Since some HART commands have variables for writing, the command will be composed
of the parameter to be changed and the parameters described in the command definition
(HCD block). As the parameter does not inform which HART command should be used to
write (The writing and reading parameters are not the same), it is necessary an additional
configuration for the parameters to be written. Such additional configuration is done in the
HWPC block because it has the correlation between these parameters and the HART
commands used for writing. The HWPC has the same identification code as the
corresponding HCD, therefore, the entire configuration for a HART device should have a
HCD + HWPC pair. A writing request starts a process with the following stages:

1. After the parameter had received the writing command, the HI302 checks the HWPC
block to know whether that parameter can be written, that is, if it has a configuration to
write. If the parameter has such a configuration, the HI302 stores the value received
in a temporary variable and starts the writing process in the device. If the parameter
does not have this configuration, the HI302 returns a standard response indicating
that the parameter cannot be written.

IMPORTANT

In case the parameter does not accept writing, check if the HWPC configuration is
correct.

2. If the parameter can be written, the writing request is started. The writing request has
priority over HART transactions since the block is set on UPDATED. The block status,
in this case, goes to WRITING.

3. As soon as possible, the writing command will be set according to the definition in the
corresponding HCD block and will be sent to the device.
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IMPORTANT

Despite the fact that the HI302 has responded and the writing was successful, the value
read on the parameter continues to be the old one. The parameter will only be updated
after the writing confirmation in the HART device.

4. In case the device does not respond, there will be attempts according to the schedule
in the HCFG.RETRIES[CHANNEL] parameter. If there is any message saying that the
writing was not performed, the HI302 will ignore the writing request. Even though the
device does not respond to the writing command, the HIRT block will always return to
UPDATE.

5. If the writing command response is positive, the block parameter is updated with the
new value written in the device. Then, the monitoring will read the new value and
finish the writing process successfully. The block status will go to OLD DATA and
then, to UPDATED. Then, the ST_REV will be incremented.

6. Note that the time for a writing request can vary a lot:

e |f the channel is free and the writing request was immediately processed, the
transaction will last approximately 3 s, provided there is no communication error
due to the time to send the writing command, read the value and send the
command to reset the device’s alteration flag.

o If the channel is busy, the request will wait until the next time to be transmitted. A
long timeout is needed, if the transaction that is using the channel has several
retries and each retry has many repetitions. So, the user should monitor the
BLK_EXEC_STATE parameter.

IMPORTANT

This procedure indicates that the user's application should monitor the
BLK_EXEC_STATE parameter. This parameter changes to WRITING, then to OLD
DATA and finally it goes to UPDATED provided the writing was done successfully.
At the same time, the parameter value (after the block has returned to UPDATED)
should be compared to the written value. So, the operation will be confirmed or not.
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Operating the HVT Block

The HVT block is an extension of the HIRT block, because it makes it possible to access
all of the variables related to common or specific commands. After identifying the devices,
the HART variables that aren’t in the HIRT block may be accessed. To do this, one must
know the allocation map on the HVT block that connects the HART variables on the
device with the block parameters, whose names are generic ones. The devices can be

fully defined using the HIRT+HVT blocks.

Figure 5.1 — Device definition using HIRT + HVT blocks

See below an example of a HVT allocation map for Smar FY301 intelligent positioner:

Index | Parameter Name | HART Variable Name | HART Command | Description
Saves data from RAM to EEPROM or recover
111 UBB_ARRAY_1[1] |EEPROM_CONTROL 39 data from EEPROM to RAM
11.2 UBB_ARRAY_1[2] |DISPLAY_CONNECTED 128 Indicates if the display is connected or not
113 USB_ARRAY 1[3] |AIR TO 128,129 Lr:giszates if the valve needs air to open or to
1.4 UBB_ARRAY_1[4] |[LOCAL_KEYS_MODE_CTL 132 Indicates if the local adjustment is enable or not
115 | USB_ARRAY 1[5] |COORD_GROUP_NUMBER 133 Select one coordinate to be read from the
characterization curve
13.14 UBB_ARRAY_3[14] |MANIPULATE_VARIABLE_UNIT 216 MV unit
13.15 UBB_ARRAY_3[15] [SETPOINT_TRACKING 216 Not available in FY301
13.16 UBB_ARRAY_3[16] |SERVO_PID_MODE 216 Indicates if the servo-pid is enable or disable
16.7 FLOAT_ARRAY_1[7] |PRESSURE_LOW_LIMIT 244,245 Lower pressure limit for the input sensor
16.8 FLOAT_ARRAY_1[8] |POS_VALVE 168 Valve position
16.9 FLOAT_ARRAY_1[9] |TRAVEL_DEADBAND 189,190 Travel deadband value
Itis the maximum distance covered by the valve
16.10 | FLOAT_ARRAY_1[10] [TRAVEL_LIMIT 189,190 before an alarm is generated
29 String_06 ACTUATOR_ID_NUMBER 183,184 Actuator identification number
30 String_07 VALVE_ID_NUMBER 185,186 Valve identification number
34 String_11 ORDERING_CODE 173,174 Factory device information

This way, if the user wants to read the AIR_TO variable, he must read the
U8B_ARRAY_1[3] parameter. As there is only a single HVT block shared by all of the
devices, it use must be triggered, that is, one must choose first the device that will use the
HVT block, and then shoot the reading cycle or a writing operation.
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Sequence for HVT Reading Cycle

After defining, executing and loading all of the configurations in the HI302, it is now
possible to communicate with the devices using the HVT block. The respective HIRT
block should have already been identified.

The HVT block operation is very simple and its use must comply with the following rules:

1. The user's application must check if the block is available by reading the
BLK_EXEC_STATE parameter. If the parameter is set on UPDATING, the block is in
operation and cannot be used for a new transaction.

2. Write onthe DEV_TAG_SEL parameter the 8-character TAG of the HART device that
one wishes to access. It must be the same as on the HIRT.HART_TAG parameter;

3. After writing on the HART_TAG, the block automatically checks if the command
configuration desired is in the memory. Otherwise, the block goes to HCD ERROR.

4. If there is one, the HVT block checks if the written TAG belongs to a HIRT block that
corresponds to a device installed in one HI302’s channel. If the TAG was not found,
the status will be TAG NOT FOUND and the process will be aborted.

5. If the HCD block and the HART_TAG were found, the parameter goes to UPDATING
and the communication process with the HART device begins. Thus, all of the reading
commands will be sent according to the sequence in the configuration.

6. If the device does not respond at the first command, the BLK _EXEC_STATE
parameter changes to NOT RESPONDING.

7. If the device responds at the first command, the status will continue on UPDATING
until the last reading command is sent. If there is an error during the communication,
the BLOCK_ERR will report it and the process will not stop until the last command is
sent. The block status will be PARTIALLY UPDATED and the user should identify the
problem, which may be a command configuration error or a non-compatible version.

8. In case the process finishes with no error, the block status will be UPDATED. Thus,
the applicative can read all of the block’s parameters according to the allocation map
and execute writing operations as well.

Writing Sequence in HVT Block Parameter

In order to write in a HART variable that is mapped as the HVT block parameter, the user
should first perform an updating, that is, a comprehensive reading operation. When the
HVT block is UPDATED, follow the same procedure used for writing on HIRT blocks.

IMPORTANT

All the HVT parameters accept reading and writing. However, only the parameters that
have writing configuration will generate a HART transaction. The device should support
the command configured, even if the HI302 has started a writing transaction. So, if any
writing error occurs, check the HVT allocation map (Appendix C) to make sure that the
parameter is mapped for a HART variable that can be written.
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On Line: HI302I - HART Yariable Template Block - HI302I-H¥T 131 i
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[17] 17 Good:Mon Specific: a7 R/
[18] 18 Good:Mon Specific: 18 R/
i-[19] 19 Good:Mon Specific: 19 R/
L[20] 20 Good:Mon Specific: 20 Rw
[H-FLOAT _ARRAT_. 17
[H-FLOAT _ARRAY_: 18
[H-FLOAT _ARRAY_. 19
[H-FLOAT_&RRAY_5
[MU1EE_ARRAY 1
[H-U32B_ARRAY_1
G326 _ARRAY_ 23
--STRING_01 Fackl Good:Maon Specific: 24 R/
STRING_02 Bailer20 Good:Maon Specific: % 25 R/
-STRIMG_03 s Good:Man Specific: % 2B R/
--STRING_04 e Good:Maon Specific: 27 Rw
--STRIMNG_05 Good:Mon Specific; 28 Rw
- STRING_08 Good:Mon Specific; % 29 R/
--STRING_07 Good:Man Specific: % 30 R/
- STRIMG_08 Good:Man Specific: % A R
- STRIMG_09 Good:Man Specific: 32 R/
--5TRING_10 Good:Maon Specific: 33 R
- STRING_11 Good:Mon Specific; % 34 R/
- STRING_12 Local: test plant Good:Mon Specific: 38 R/
STRING_13 Date of laz calibration: 4/7/01 Good:Maon Specific: % 36 R
- STRIMG_14 Date of last stress test: 3/7/02 Good:Man Specific: ¥ 37 R
-5 TRIMG_15 Service requested Good:Mon Specific; 38 Rw
--5TRING_16 b Good:Mon Specific; 3 Rw
- STRING_17 Good:Mon Specific; % 40 Rw/
--STRING_18 Good:Man Specific: 4 R/
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FH-UPDATE_EVT 44
[H-BLOCK_ALM 45 =
4] (|
Cancel Edt I Edit I Cloze | Help |

Figure 5.2 — Writing in HVT block parameters

HI302 versus Portable Programmers (Field Alterations)

The HI302 monitors every device that is working normally in a continuous way and whose
HIRT block is in UPDATED with POLL_CTRL=ENABLED. Each HART master channel,
when configured as PRIMARY by the HCFG.MASTER_TYPE [CHANNEL], permits the
simultaneous use of a portable programmer, for example, the Smar HPC301. If some
alteration happens on the device, it will report this to the HI302 in its next transaction,
through the specific bit in the RESPONSE CODE. Then the HI302 will take the following
actions:

e Wil set the block status on OLD DATA (BLK_EXEC_STATE);

e Wil send the HART command 38 to reset the flag that indicates that the device’s
configuration was changed.

o  Will start reading all of the parameters on the HIRT block. After doing this, the HI302
changes to the UPDATED status and will increment the corresponding
HIRT.ST_REV, indicating on the user’s applicative that the data must be read again,
possibly with the HVT execution for this device.

STATIC REVISION (ST_REYV) Parameter

Usually, the ST_REV is only increased if a parameter classified as STATIC, is changed.
Therefore, the HIRT and HVT blocks do not work that way. Other than the static
parameters, any other parameter that maps the HART variable will increase the ST_REV
of the corresponding HIRT block.

The ST_REV parameter from the HVT block do not mean anything for the moment; what
happens while the HVT parameter is being written is:

» [f the writing is accepted, a HART transaction is generated, making the HART device
indicate the change through the RESPONSE CODE. The parameter ST_REV from
the HIRT block associated to the HVT block will be increased.

= If Polling is enabled, the HIRT block associated to the HART device will notice this
change and will automatically be set to OLD DATA, sending the command 38.
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= After the command is sent, the HIRT block will start updating the parameters, being
set to IDENTIFICATION and UPDATING. During the UPDATING process, the
ST_REV from the HIRT block will be increased indicating that the data were updated
and should be read again.

IMPORTANT
The polling commands do not increase the block’s ST _REV.

Conclusions on the STATIC REVISION:

1. The client application should only monitor the parameters ST_REV from the HIRT
blocks, ignoring the ST_REV from the HVT block..

2. If the application writes on the HVT block, it may ignore the increment done on the
HVT block ST_REYV, as well as the corresponding HIRT block increment.

3. If there is no writing on the HIRT block and the ST_REV was changed, the device
information was updated and a new reading should be done in the HIRT and HVT
blocks.

HART RESPONSE CODE Conversion to STATUS FF

The RESPONSE CODE of the last transaction with HART devices is mapped to the
DEVICE_STATUS and COMM_ERR parameters of the HIRT block. In order to use the
information about the device’s general status, the DEVICE_STATUS is converted into a
corresponding STATUS FF to feed the parameters that have STATUS. For example, the
PV_MA can be separated into PV_MA.STATUS and PV_MA.VALUE. The
PV_MA.STATUS represents the actual condition in which the device provides the
PV_MA.VALUE parameter. See the table below:

STATUS HART bit DEVICE_STATUS parameter Status Foundation Fieldbus converted
7 Device Malfunction Bad:DeviceF ailure:NotLimited
0 Primary Variable Out of Limits Bad: UncertainNonSpecific:iNotLimited
2 Loop Current Saturated Uncertain:SensorConvNotAccurate:NotLimited
1 Non-Primary Variable Out of Limits Uncertain:Subnormal: NotLimited
3 Loop Current Fixed GoodNonCascade:GoodNCNonSpecific:Constant

o |f the block is set at OS, all the parameter will assume the Bad:OutOfService:NotLimited
status.

e |f the device stops the communication and the block status goes to NOT RESPONDING,
all the status go to Bad:NotConnected:NotLimited.

e If there is no error or alert condition to be informed, the status will assume the following
status: GoodNonCascade:GoodNCNonSpecific:NotLimited.
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“BYPASS” Mode

The BYPASS mode was created to make it possible for the HART messages to be sent to
any device, through simple writing on a parameter called BYPASS_REQ_N (N is the
channel number, from 1 to 8). Every parameter is a chain of 100 characters where the
HART messages must be written to be sent to the device. The written content on the
parameter is entirely sent to the channel configured on the HIRT block, as soon as the
channel is free. Thus, the application must include in the message the preambles, the
delimiter and so on. Only the RESOURCE and the HCFG blocks are necessary to operate
the BAYPASS mode. Any HIRT or HVT block instantiated will stay on BYPASS status
(BLK_EXEC_STATE parameter).

IMPORTANT

To wuse the BYPASS mode, the user should write BYPASS on the
HCFG.COMM_BEHAVIOR parameter.

The HCFG.BYPASS_ STATUS indicates the situation of the message and may assume
the following values:

e IDLE, the channel may send a message using the BYPASS REQ_N parameter or
there is a message available to be read through the BYPASS RES N parameter.
Even though, the channel is monitoring another master’'s communication or a device
in burst mode, it will be available to send a message.

e BUSY, the applicative ordered a REQUEST that is being executing,

e TIMEOUT, after a predefined number of repetitions, it was not possible to receive a
valid message for the request.

o RESPONSE AVAILABLE, after the programmed number of repeats, it was not
possible to receive a valid response for the sent request .

The HI302 does not perform any integrity or content checkup on the message received. It
transmits what it has received to the communication channel. The applicative must ensure
the quality of the messages and the response interpretation.

Sequence for Sending a HART message through a BYPASS

e Check if the HCFG.BYPASS_ STATUS[N] parameter is on IDLE or TIMEOUT. If positive,
the message can be written on the HCFG.BYPASS_REQ_N parameter. The HI302 will
check if the channel is available and transmit the content of the
HCFG.BYPASS_REQ_N parameter.

e While the HCFG.BYPASS_STATUS[N] parameter is on BUSY, the HI302 is waiting the
response or repeating the request up to the limit programmed in the HCFG.RETRIES[N].

e The HCFG.BYPASS_STATUS [N] parameter goes to IDLE if it has received a valid
message. It goes to TIMEOUT, in case it hasn't received a valid response yet.

IMPORTANT

As the message has to be entirely supplied by the applicative writing on the
HCFG.BYPASS_REQ_N, the applicative will guarantee that the message is in the right
format, with the right address, etc.
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Chapter 6

Basic Functioning Theory

This chapter presents basic concepts on HI302 hardware to help the user to solve field and
maintenance problems.

The HI302 Block Diagram

The picture below shows the block diagram for the HI302:
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Figure 6.1 — HI302 block diagram
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Hardware

This chapter presents a summarized description of the main functional blocks that make up the
HI302 module, as a support for electricians and/or maintenance technicians. See below the
GLL1193 main board pictures.
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" HART CHANNELS =
1l 1]

'FIELDBUS
B/ CIDNTI}‘OLLER/

Figure 6.2 — GLL1193 Main boards’ picture

Power Supply, Operation Voltage and Protection

HOT SWAP

The HI302 is equipped with a U22 HOT SWAP controller that allows the insertion or removal of the
module with the power supply on. This is important when the HI302 is being supplied by a shared
source, e.g., a rack with other HI302 or DF51 modules. In addition to a 5V source, the HI302 should
receive a failure signal from the source (/PFAILR), working at a low level. That signal indicates to
the HI302 that the feeding has been stopped and the starts a safety procedure for failing feed. The
Smar PS-AC and DF50 sources also have this signal. The HOT SWAP controller also monitors the
power consumption and, if a problem arises, the feeding is switched off to avoid further damages to
the HI302 and the power supply.

If the HI302 is supplied by a source without the failure signal, the pin should be left open.
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Regulators

Protection
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Figure 6.3 — HOT SWAP controller

The HOT SWAP controller receives +5VN voltage from the rack (or external source) and, through
the MOS channel-N transistor, delivers +5VD to all digital circuits. A 3V3 (U11) regulator feeds the
EPLD (U10). And there is yet a precision 2V5 (U9) power source of reference for the virtual ground
cable of the operational amplifiers in the Fieldbus and HART communication circuits.

In the HI302-1 and HI302-O modules, there are also a DC-DC (U1) converter and the optical
couplers that completely isolate the ground cables of the analog and digital circuits. The DC-DC
converter generates, from the +5VD, a non-regulated voltage called +VA (+9V) that is used by the
analog inputs (HI302-1), and through a linear regulator generates a +5VA voltage for the other
circuits (ADC and DAC). As a voltage reference for converters there is another 4V096 (U8) precision
reference.

The HI302 has advanced specific components for protection against ESD and voltage surges.
However, keep in mind that good ground wiring is fundamental.

SURGE PROTECTIONS

Figure 6.4 — ESD protection
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Processing Core

Electrostatic Discharge (ESD)

The power input (DS1 and DS2) and all the communication channels are protected against
electrostatic discharges by specific components (zener diodes) with high response speed and good
power absorbing capacity (24W @ 1ms @ 25 °C). In addition to this protection, there are sparklers
built on the printed circuit board, on every LEDs and on all (CN5 and CNG6) front connector pins.
They are designed to sparkle with 200-300V voltages, depending on the air humidity.

Surges, High Voltage and Grounding

Voltage surges, whether inducted or conducted, occur often in industrial environments due to
electric motors, frequency inverters semiconductors switching and many other factors. Besides,
there is always the danger from atmospheric discharges that may permanently damage the
equipment. HI302 modules have components highly efficient against these surges, with high
absorption capacity (400W @ 1 ms @ 25°C) and a (typically < 1 ns) good response speed, in
addition to the PCI built-in sparklers. However, this protection is practically useless without a good
wire grounding.

Indispensably, a good quality grounding (< 5Q) must be connected to the system, either on the
DIN rail, on the power source, or directly to the module grounding terminal. Without this, all
protection for the HI302 module, as well as for other equipment, WILL NOT WORK. Note that
grounding resistance must be measured every 2 years.

The core of the HI302 module is based on the 68HC11 (U1) microcontroller running at 16 MHz (Y1):
one of the most reliable and well accepted components worldwide. Around the microcontroller, there
is the Fieldbus Smar FB3050 (U2) controller. Also there are the 128x8 (U3) SRAM memories and
the 512kx8 (U4) FLASH. And to store the module configuration for the functional blocks and the
HART commands there is a 32kx8 (U6) synchronous serial memory. A (U5) reset circuit/voltage
supervisor is also part of the equipment.

Firmware programming

Programming the firmware in the FLASH memory is done through a RS232 serial interface (U2, on
the backup board) by using the bootloader mode on the HC11. The connector is accessed in the
module’s lower part, and it can be done by user, if the programming cable and the FBTools, basic to
the System302, are available.

Firmware Programming
Connector

Figure 6.5 — Firmware programming connector

To reduce the amount of components, increase reliability and make the hardware more flexible, a
EPLD, U10 programmable logic device has been used, including several functions with
combinational and sequential logic, such as frequency divider for HART modems, address
decoders, etc. This component is supplied with 3V3 and has 5V-compatible inlets and outlets. One
of its most important functions is to generate the clock for the HART modems, stemming from the
UART clock.

EPLD Programming
Update the EPLD programming in the circuit is also possible, due to the continuous improvement in
the equipment, though it should only be done in the factory.

Manual RESET key and FACTORY INIT

In the front of the HI302 module there are two push button keys. One of them is the Hand RESET
button, connected to the U5, that covers the following components: HC11 (U1), FB3050 (U2), EPLD
(U10) and UARTs (U7 and U8). The other key, interrupts the HC11, which initializes the memory
and brings the whole configuration back to the factory standard. This option is very useful in case of
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malfunctioning due to configuration errors, as it reinstates the configuration memory in its basic
functional status.

Reset / Fct Init

FF H1

[+]
T

Figure 6.6 — Fct Init

Fieldbus H1)

Do not press the RESET button when the HI302 while the factory init process is taking
place. Otherwise all the configuration will be lost. Also, pay close attention to not push
the Fct Init button instead of the RESET button.

HI302 Module Resetting

The HI302 module has a very sophisticated resetting system, consisting of a circuit that supervises
the U5 supplying voltage and of several built-in mechanisms on the HC11 microcontroller, such as
the WATCH DOG clock monitor. In addition, the RESET is used by the U10 EPLD to adjust the
firmware programming (resident program). When starting up the module, the EPLD begins the
device’s normal operation. If the RESET button is pressed, the module enters in the BOOTLOADER
mode, and is ready to update the resident program on the FBTools. When the RESET button is
pressed again, the module gets back to normal operation.

IMPORTANT
From what was explained above, press the RESET button twice to get the HI302 RESET.

H1 Fieldbus Communication

The Fieldbus communication is done through the FB3050, that access directly the memory via DMA
and shares the 10 MHz clock generated by the HC11 (U1). The analog interface is done through the
Media Access Unit (MAU). This is a passive interface, i.e., it is not fed by the net, with capacitive
discoupling and galvanic isolation. It is protected against electrostatic discharges and voltage
surges. All circuits are fed with +5VD, and some operational use the 2V5 reference.

The communication is indicated by a LED fed by the (U10) EPLD, as the LED blinks at every
message transmitted.

HART Communication

The HI302 modules have 8 channels for HART master communication, with capacitive and galvanic
isolation (TF3). All channels also are protected against ESD (D14) and surges (Z2, Z3 and Z5). The
initial stage on each receptor is a low pass filter (U23A) centralized in approximately 1700 Hz, as the
range of HART communication frequencies is from 1200 to 2200 Hz (fundamentals). Next, a
comparator (U27A) changes the signal received and amplified in a square wave, for it to be
decodified by the Smar HT2012 HART modem (U35). The transmission is made by switching a
22uF electrolytic capacitor that works integrating the signal modulated by the HT2012.

Every HART channel has a LED (L1), controlled by the UART, indicating the several statuses of the
channel’s work. Two quadruple UARTs (U7 and U8) totaling 8 independent UARTs concentrate the
8-channel communication.
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These UARTSs generate a signal of 14.7456 MHz (Y2) used by them and by a divider on the EPLD
(U10), that generates the clock for the modems, 460,80 KHz strong.

4-20mA To Foundation Fieldbus Analog Conversion (HI302-])

The HI302-1 model has an additional circuit (GLL1205 backup board) that converts the transmitter's
analog signal by means of a signal conditioning circuit and a low pass filter with a cut frequency of
approximately 10Hz (U9A), an AD converter (U7) and a referential voltage source of 4V096 (U8).
These circuits are protected against high voltage by zener diodes, against overheating and inverted
polarity. This backup board is connected by the CN2 and allows the module to indicate the current’s
measured value by a MAI (or Al) block, to be utilized on any control mesh. All circuits forming the
analog acquisition are isolated from the others by a DC-DEC (U1) converter and by (U3, U4...)
optical couplers. The reading update is approximately 200 ms.

=]
-
o
o
=
<
=
o
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Figure 6.7 — Signal conditioning and low-pass filter circuit

Foundation Fieldbus to 4-20mA Analog Conversion (HI302-0)

In a similar way, a board with analog output circuits is capable of controlling a current used by
actuators, for example. These circuits are protected against high voltage by zener diodes, against
overheating and against inverted polarity. The output module uses circuits required by current
control (UX), in addition to a (UXX) DA converter and a referential 4VO96 (U8) voltage source.
These circuits make up 8 independent channels for current control working in parallel to HART
digital communication. This backup board is connected via CN2 and allows for the module to control
the current’'s value by means of a MAO (or AO) block, utilized on any control loop. All circuits
forming the analog acquisition are isolated from the others by means of a DC-DC (U1) converter
and (U3, U4...) optical couplers. The output backup board informs if the current loop is open or not,
through the circuit formed by UX. The output update period is approximately each 200 ms.
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Chapter 7

An example of HI302 usage

There follows an example of how the HI302 can access the variables of the Smar LD301 intelligent

pressure transmitter. From this example, users may create more complex configurations. For further
details, see the other chapters of this manual.

Installation

Below see how the transmitter was connected to the HI302, by using the resistor inside the HI302-1:

4-20 mA
[ eset Fot — Power
1 Supply

Port 1 4 Other

® o
- : Equipments

Figure 7.1 — HI302-1 application example

*OmA Inputs / Fieldbus H1)

Step by Step Configuration

1. When the HI302 is fed by the rack and is switched on, press the Fct Init button to initialize the

factory configuration. The device will reset and then light the yellow LED SAVING and all LEDs on
the HART channels. HI302's current configuration will be lost!

2. Next, if the HI302 is connected to the Foundation Fieldbus wiring, the green H1 LED will start
blinking quickly, indicating that the communication started. If it doesn’t blink, it may possibly be
some problem with the FF bus. The first time the HI302 is ever connected to the linking device
(DFI1302), wait 2 minutes until the HI302 is on the Live List.

3. Open the FF configurator (Syscon in the example) and notice that the HI302 is on the Live List,
according to the screen below:

4. Create a configuration that includes one RESOURCE block, one HCFG block, one HIRT block
and one HVT block. Then, assign a Tag to the HI302, so that it assumes the same TAG of our
configuration test, as follows:
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Bi CHANNEL_4 ; O] x|
| Tag Id | address
DFI303 - D& MATA 0003020008: SMAR-DFS1:303 010

FIELD DEY -3MAR-HI30ZI-1193005  0003020015:5MAR-HIS021:1193005 D20

Bi CHANNEL _4 I= - 10| x|
= B& CHANMEL 4
=g DFI302
Assign Tag - HI302-1I
------- ¥ HI302-1-RES E g
------- -0, HI302-1-HCFG . 1BLE
------- ] HI302-1-HIRT .
....... E HIZ0Z-I-HY'T Elapzed Time : | 00:04 Lbart

Figure7.2 — HI302 configuration

5. Let’s now fill up the basic parameters on the HIRT block so that the HI302 communicates with the
HART device. This minimum configuration makes it possible for the HI302 find the device and start
the communication. In fact, let's see:

e MODE_BLK.TARGET = AUTO, so that the block starts right away executing the mode.
Configure this parameter on the HVT block, too.

= HART_CHANNEL = 1, must be the same physical channel where the device is installed.

= POLL_ADDR =1, assuming this is the device’s address, previously configured.

= |D_CMD = 0 - Polling address, as the polling address is to be used.

||-||y|| T

Bi CHANNEL 4

- && CHANMEL 4
=l Gy DFL302

Farameter Han.
[=B0DE _BLK :
i TARGET Auto 1 R
A CTUAL 2 RO
i~ PERMITTED 3 R
E HIZ02-I-RES LMNORMAL 4 =10
- 4], HI30Z-I-HCFG -.BLOCK_ERR 3 RO
= ﬂ HIZ0Z-I-HIRT --HART_CHAMMEL 1 7 R
> MODE_BLK --HART_TAG 9 Aw
& HART_CHANNEL ::Eg'['[—éﬂg':‘ 1 13 3 Ew
et el .POLL_CTAL 15 Rw
o< ID_CMD - |D_CMD (- Poling address 12 AW T
T HIZ0Z-T-HYT a [ »

Cancel Edi. | Edt | Close | Help |

Figure 7.3 — HIRT block parameters
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6. After filling up the essential parameters, just Download the configuration. See the screen below:

Bi CHANNEL 4

_d o =] 1 | By HI302_TUTORIAL i
- & CHAMMEL 4 E-Ria HI30Z_TUTORIAL
=Gy DFI02 - Areal

::'BIB Download - HI302-1 e

Download in progrezs. Please, wait . Elapzed Time : | 00:13
MIEB

F8 I 12%

¥} HIZ302-1-RES

T} HI302-1-HCFG Metwork: CHANNEL_4 Number: 294
L HIB02-LHIRT Device:  HIZ02 s 25
L ET HIZ0Z-T-HYT
VFL: FB Feference: 1
Obiect:  HIZ0Z4-HIRT 0D Indes: 0

o]

Figure 7.4 — Downloading the configuration

Step by Step Operation

7. After executing the download, the HART communication must be started manually by writing
ENABLED on the COMM_ENABLE parameter in the HCFG block

On Line: HI302-1 - HCFG - HART Configuration Transducer Block - HIS02-T- =]
— T = ALL TYFE | TAE
[<[o[c B la@B@E [% 52 L6 E5| s >
Farameter | Yalue | [(usality | Cha... | Offzet | Hai
FIRMwWARE WERSIOM HI302 Core Werzion 099 BETA Good:Mon Specific 20 RO
Falze. j Good:Maon Specific
REQUEST_COUMTER == 16
T LERAE e —— 13
INvALID_FRAMES 18
EH-IMALID_ SO 17
[/
Cancel Edit End Edit Cloze Help |

Figure 7.5 — HCFG block

8. The HART communication should start immediately after the parameter changes to ENABLED.
This may be easily checked by the irregular blinking in the green CH#1 LED, according to the HART

transactions. Note that the CH#2 and CH#8 LEDs blink at the 4 Hz frequency, to indicate that there
is no HIRT block using the channel.

9. See that the BLK_EXEC_STATE parameter, from IDENTIFICATION, moves to UPDATING. If
not, check if the block is being executed. The MODE_BLK.ACTUAL parameter should be AUTO.
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10. After identifying the device and filling up the HIRT block, if the polling is enabled in the
parameter POLL_CTRL, the HI302 will continuously send the HART commands according to the
view selected on VIEW_SELECTION parameter,. See that the BLK_EXEC_STATE parameter must
be on UPDATED to that matter. If not, the initial sequence of HART commands wasn'’t executed
successfully and there must be some configuration or device problem. Watch carefully the
parameter values and check if they correspond to what they are supposed to be, according to the

device installed. Then, all the values available in the block may be read.

[ [% [5-]2 B[ B8l

e

=12l

ﬁegE

G ood_MonCazcade::MonSpecific: Constant
26871521

Parameter | Walue I Quality | Cha... mfset | Han... |
E-MODE_BLEK. 5
- TARGET Auta Good:Maon 5pecific 1 R/
ACTUAL Auto Good:Mon Specific 2 RO
+PERMITTED Auta:005 Good:Maon 5pecific g} R/
-MORMAL aos Good:Mon Specific 4 R/
--BLOCK_ERR Localdveride Good:Mon 5pecific E RO
- HART_CHAMMEL 1 Good:Mon Specific 7 R/
- HART_TAG LD301-14 Good:Mon Specific | R
-POLL_ADDR 1 Good:Mon Specific 8 R/
--POLL_CMD 33 - Coded Variables EU Good:Mon 5pecific 14 R
-POLL_CTAL Falling Enabled Good:Mon Specific 15 R/
- |D_ChD 0- Polling address Good:Mon Specific 12 R
--|D_METHOD Autarnatic. Good:Man Specific 13 R/
- MESSAGE H&RT TO FF GATEWAY Good:Mon Specific 4 25 Rl
--DESCRIPTOR TESTE HI302 Good:Mon Specific g5 Rl
- UNIGUE_ID 3E 01 000000 Good:Mon Specific 19 RO
BE| K _ExEC {Ipdated Good:Mo ecific 0
=-HCD_SEL 1
1] 5 Good:Mon Specific = R/
2] 30 Good:Mon Specific 2 R
g [=[ 3]
([5 ™
t Parameter l Quality Cha.. | Offset =
--COMM_ERR Good:MNan 5pecific 23
--RESP_CODE Good:Mon Specific 24
--DEVICE_STATUS Loop Current Fized Good:Man S pecific 25
b _|D Srar Good:Mon Specific 26
--DEY_TvPE 1 Good:Man Specific 27
-MMP_RED 5 Good:Mon 5pecific 28
- IMI_REY 5 Good:MNaon 5 pecific 29
- SPEC_REY 3 Good:Mon Specific a0
- S REY 93 Good:MNaon 5 pecific N
- HRDW_REW 1] Good:Mon Specific 32
- FLAGS EEPROM_Chl:protocol_bridge_device Good:Mon Specific 33
--DEV_ID 0ooo oo Good:Mon Specific 34
- MMP_RSP 1] Good:Mon Specific cia]
WA VAR 1] Good:MNan Specific 36
- CFG_COUNT 1] Good:Mon Specific krl
--EXT_STATUS <Mones Good:MNan 5 pecific 38
i)
Good_MaonCascade::MonSpecific:Constant Good:Mon Specific H|
Good:Mon Specific 5
LOOP_TEST 1] Good:MNan Specific 40
- LOJOP_CMODE Dizabled Good:Mon Specific 41
El-PY_FERC 42
Good_MonCascade:MonSpecific:Constant Good:Mon Specific A
37.055035 Good:MNaon 5 pecific .2
Device Variable not classified Good:Mon Specific 43
mrmH20 Good:MNaon S pecific 44 _
E- 45
Good_MonCascade:MonSpecific:Constant Good:Mon Specific A
1921.9062 Good:Nan Specific 2
mmH20 Good:Mon Specific 46
[ 47
P CAL_POIMT_L 1] Good:Mon Specific 48
P SEMSOR_SM 0000 00 Good:Non Specific 49
P _SEMSOR_LMSUC mmH20 Good:Mon Specific 1]
PY_SEMSOR_MSPAN 42.333332 Good:Non Specific 51
EH-Pv_SENSOR_RANGE 52
P _ASC Lowe Good:MNon 5 pecific 53
P _TFC linear Good:Mon Specific 54
PO Good:MNaon 5 pecific 55
-5 CLASS Device Variable not classified Good:Mon Specific BE

Good:MNaon 5 pecific

G ood:Mon Specific
Good:Mon Specific

EancelFd | Edt |

Cloze |

Figure 7.6 — HVT blocks
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11. When on UPDATED, just proceed as if with any common parameter, in order to write it in any
parameter that accepts writing, as for example, MESSAGE. Note that the BLK_EXEC_STATE
parameter passes by three states: WRITING, OLD DATA and UPDATED. In normal conditions, the
block must always return to UPDATED, to indicate that the data in the block are the same ones as
the values in the HART device.

On Line: HI302-1 - HIRT - HART Identification Information and Real Ti o m] .|
— ey = TYPE | TRE
[e[> [o[@E|s|a @B [4 [5-[£ Bl B8] v|s @
Parameter I Y alue | [Juality | Cha... | Offzet | Har... |
E-MODE_BLK, 5
-BLOCK_ERR Lacaldveride Good:Man Specific B RO
-HART_CHAMMEL 1 Good:Maon 5 pecific 7 R
~HART_TAG LDO307-14 Good:Mon Specific 9 R
-POLL_ADDR 1 Good:Man Specific 3 R
- POLL_ChD 33 - Coded VW ariables ELI Good:Mon 5 pecific 14 Rl
-POLL_CTRL Puolling Enabled Good:Mon S pecific 15 R
- [D_CMD 0 - Palling address Good:Man Specific 12 Riaf
0| METHEID Automatic, Good:Mon S pecific 13 Rl
Y HI 302 %RITE TEST Good:Mon Specific g
----DESEHIF’TDH TESTE HIZ02 Good:MNon Specific ae A
- UMIGUE_ID 3E 01 00 00 00 Good:Mon Specific 14 RO
~BLK_EXEC_STATE  Updated Good:Mon Specific 18 RO
B-HCD_SEL 11

EanceIEditl End Edit I Cloze Help

Figure 7.7 — HIRT block

12. After the device related to the HIRT block has been identified, it is also possible to read and
write on the specific variables, by using the HVT block. The HVT block must also have both the
MODE_BLK.TARGET and MODE_BLK.ACTUAL = AUTO. Then, just write on the HART TAG, in the
DEV_TAG_SEL (DEV_TAG_SEL = LD301-1A) parameter, to start reading the specific variables in
the HVT parameters. Refer to the allocation map from the HVT block to the device, so that you can
relate the HVT parameters to the variables on the HART device. The allocation maps for all
equipments with the configuration built-in the HI302 are shown in the Appendixes section.

13. If the written HART_TAG is correct and the same one read by the HIRT block, the HVT block
starts the update, by sending all the reading commands in the configuration, to the LD301. See that
the BLK_EXEC_STATE parameter changes to UPDATING and then goes to UPDATED at the end
of the process, which lasts about 2 minutes. Moreover, it shows on the HCD_DEVICE_INFO e
HCD_SELECTED parameters information about the selected configuration.

14. To make a writing, the process is the same as for the HIRT. The next figure shows the HVT
being updated.
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On Line: HI302-1 - HYT - HART ¥ariable Template Block - HISDZ2-1-H¥T _ 10l
I I I I “I I I I I I I_‘_I IHLL ﬂiF:LlT'FFElTHE | JIG‘ |
Farameter | Walue | Luality | Cha... | Offset | Han... ;l

E-MODE_BLEK A
- BLOCK_ERR Pawerllp Goad:Man S pecific G RO
--HCD_SELECTED an Good:Mon 5 pecific 7 RO
-DEY_TAG_SEL LD301-14 Gaod:Mon 5 pecific a R
- HCD_DEYICE_INFO  Smar LD30T Smart Pressure Good:Mon S pecific 9 RO

Lpdating Good:Mon 5pecific 1

1

Good:Mon Specific R
2 Food:Mon S pecific 2
12 Good:Mon Specific 3
281 Food:Mon 5 pecific 4
2 Good:Mon Specific fis]
201 Goad:Man Specific B
251 Good:Mon S pecific 7
251 Good:Mon S pecific g |
251 Good:Mon S pecific 8
1 Grnd fan Shecific 1
On Line: HI30Z-1 - HY¥T - HART ¥ariable Template Block - H : o ] [
[<[= [ [el@ls =@\ [ 12 BlalE s Js »
Parameter | Yalue | Cuality | Cha... | Offzet | Han... :I
i--HCD_SELECTED il Good:Non Specific 7 RO
=1-FLOAT _ARR&Y_3 18
- [1] 105 Good:Maon Specific 1 R
- [2] 106 Good:Mon Specific 2 R
- [3] 107 Good:Mon Specific o R
- [4] 102 Good:Mon Specific A R
- [5] 109 Gond:Man Specific 5 R
- [E] 110 Good:Mon Specific E R
- [7] 111 Gond:Man Specific T B
112 Good:Mon Specific 8 R
113 Good:Mon Specific 9 R
114 Good:Mon Specific A0 Rw
115 Good:Mon Specific b R
i} Good:Mon Specific 12 Rw
100 Good:Mon Specific 132 RAw
20 Good:Mon Specific 14 Rw
30 Good:Mon Specific J5 Rw
40 Gond:Man Specific 16 Rw
i} Good:Mon Specific A7 Rw
G0 Gond:Man Specific 18 Rw
il Good:Mon Specific 15 Rw
a0 Good:Mon Specific 20 AW
1] 12 Good:Mon Specific 1 R
- [2] 2 Good:Mon Specific 2 R
- [3] 12 Good:Mon Specific 3 R
- [4] 281 Good:Maon Specific 4 R
- [B] 2 Good:Mon Specific 5 R
- [B] 281 Gond:Man Specific 5 B
[ ] 281 Good:Mon Specific ¥ R
- [8] 281 Gond:Man Specific 8 P
- [9] 281 Good:Mon Specific 35! R
- [10] 1 Good:Mon Specific a0 Rw
-[11] 2 Good:Mon Specific Rh R
- [12] I} Good:Mon Specific 12 RAw
- [13] 1 Good:Maon Specific 13 Rw
- [14] 4 Good:Mon Specific Jd4 Bw
- [15] 280 Good:Mon Specific 15 Rw
- [1E] I} Good:Mon Specific JE Rw
- [17] i} Gond:Man Specific A7 Rw
- [18] I} Good:Mon Specific Jd8 Rw
-[19] 2 Gond:Man Specific 15 Rw
- [20] i} Good:Mon Specific 200 Rw
- STRIMG_11 LD301D211BU 000100 Good:Non Specific 34 R

=
« (2
CancelEdit | Edt | Close | Help |

Figure 7.8 — Updating the HVT
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Troubleshooting

Installation

Problem Solution

When to use the 250Q resistor in
series with the loop.

Increase the impedance measured from the HI302 terminals if it is less than 250Q. Maybe, it
is necessary to increase the supply voltage.

See the “Impedance x Minimum Supply Voltage” graphic in the Chapter 2.

When to use the active impedance
PSI301P.

The active impedance should be used when the total loop current prevents the use of a
resistor. This happens when using a multidrop connection with the device’s analog output
enabled (varying from 4 to 20 mA) or the number of devices is usually more than 4 even in
fixed current mode.See an example in the Chapter 2.

The instrument is correctly installed; it
works normally, communicates with a
portable programmer, but doesn't
communicate with the HI302.

Place the terminals of the portable programmer on the corresponding channel of the HI302
and check whether it communicates correctly. If it works, it may be a problem with the HI302.
If not, check the equipment and the installation.

This problem may happen especially with actuators (a low impedance device). Probably a
high impedance device, such as a transmitter or an indicator, in the loop is preventing the
communication. The solution lies in connecting a capacitor (0.1 to 1uF x 200V) in parallel to
the high impedance device that is preventing the communication.

If it doesn’t solve the problem, check the wiring and the configuration in the corresponding
HIRT block.

Configuration

Problem

| can’'tinstantiate the MAV/MAO block.

Solution

Check the firmware version in the HCFG.FIRMWARE_VERSION parameter. Only the HI302-|
supports the MAI block. The HI302-O supports the MAO block. The HI302-N supports neither
the MAI nor the MAO blocks.

Check if the correct DD is installed in the configurator and is being used.

After sending the configuration to the
HI302, the HART communication
doesn’'t work.

Check if the HART channel LEDs are lit. The HCFG.COMM_ENABLE parameter must be on
DISABLED. Write the ENABLED value manually to start operating the HI302.

Check if the HIRT blocks are set as follow:
o MODE_BLK.ACTUAL = AUTO;
o BLOCK_ERR =PowerUp;
o BLK_EXEC_STATE = IDENTIFICATION.

What's the correct procedure to
remove a device for maintenance?

Set the block to OS (MODE_BLK = OS). Thus, the block won't be occupied trying to
communicate with devices that are not being used.

Operation
Problem

The HIRT block does not change from
the IDENTIFICATION status.

Solution

Check if the block is working properly: MODE_BLK.ACTUAL = AUTO and BLOCK_ERR =
PowerUp.

Check if the HART communication was enabled in the HCFG.COMM_ENABLE parameter.

The HIRT block does not change from
DEVICE NOT FOUND status.

The device was not found by using the command selected in the HIRT.ID_CMD parameter.
The POLL_ADDR or the HART_TAG may be wrong. Check them.

Check if the device is On and communicating with another HART Master, for example, the
Smar HPC301 or another portable programmer. If so, check the HI302 connections. Tip: Use

the command O (polling address) to perform the identification. Thus, the HI302 will poll the
addresses every 30 seconds, until it finds the device.

Once set at UPDATED, the HI302
does not start to poll the device or the
variables haven’t been updated.

Check if the Polling is enabled in the HIRT.POLL_CTRL parameter.

Check if the VIEW selected in the HIRT.VIEW_SELECTION parameter corresponds to the
right VIEW to update the desired dynamic variables. Each VIEW reads different HART
variables and updates a different group of parameter under a different polling cycle.

Check if the dynamic variables are from the A to D group, check the configuration code of
these variables
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Problem

The HVT block does not start
UPDATING when writing the TAG on
the DEV_TAG_SEL parameter.

Solution
Check if the block is working: MODE_BLK.ACTUAL = AUTO and BLOCK_ERR = PowerUp.

Check if the TAG that has been written on the DEV_TAG_SEL parameter is the HART_TAG
and not the HIRT block TAG.
Check if the HI302 has the configuration for the desired HART device The HI302 uses the
MAN_ID, DEV_TYPE, UNIL_REV, SPEC_REV and SW_REV parameters to find the
configuration in the memory.

The read value does not correspond to
the HART device variable.

Check if BLK_EXEC_STATE = UPDATED. The parameters related to the HART variable are
valid if the BLK_EXEC_STATE = UPDATED.

For the HVT block, make sure the read parameter corresponds to the desired variable. See
the HVT block allocation map.

| can’t write in the parameter.

Does the parameter correspond to a HART variable that can be written? Is this reflected in
the current device’s configuration? Check them.

Even for the HIRT block, check if the device supports the HART command used for writing.
See on the Appendix section a detailed explanation about the commands used by the HIRT
block for writing.

When attempting to program a new
firmware (a new version of the
resident program), the FBTools
displays a new error message.

Check if the HI302 is in Bootloader mode. In this mode, only the ON (green), SAVING
(yellow), and H1 (green) LEDs must be lit. To access the Bootloader mode, press the RESET
button one time, with the module started up. By pressing again the RESET button after the
programming is done, the module will start executing the new resident program.

Next see some of the most common questions about the HI302:

1. Does the HART Communication interfere with the 4-20mA Control Signal?

No. The HART Communication is imposed by a signal modulated in FSK (Frequency Shift Keying)
over the current signal generated or received by the device, in a frequency usually ranging from 500
Hz to 4 KHz. According to the theory of communications, a signal modulated in FSK has an average
value equal to 0, and therefore no disturbance is caused on the control signal. Thus, the HI302
module may be connected to any existing installation. The wiring used in the HI302's installation
may be a noise source and cause interference in the control loop. To avoid such problem, the user
should use a shielded cable with the minimum length and with reinforced electrical connection.

2. Does the HI302 work with third-party Devices, that is, those not made by Smar?
Yes. HI302 was designed to work with any devices that comply with HFC (HART Communication
Foundation) norms. The most used universal and common practice commands are supported by the
HI302 through the HIRT block, with no need for a special command configuration. If the user wants
to use the device’s complete set of commands (Common Practice and Specific Commands), a
specific configuration must be loaded, based on the device documentation. For Smar devices, this
configuration is already built in the HI302’s memory.

3. Canllink the PV_VAL parameter in my the FF strategy?
No. It is not possible to link any HART-related parameter in this version. The HART variables are
available only for supervision. If your application calls this specific feature, check if the latest release

supports it.

4. Are the HI302 channels isolated among themselves?
The HI302-N model has channels isolated among themselves and they can be connected to
different I/O systems with different power supplies with independent grounding. The HI302-I and
HI302-O analog boards short-circuit the grounding of the eight channels, making the HART
channels not isolated among themselves.

5. Which dynamic variables of the HART device can the HI302 read and how the user can

access them?

The HI302 has a group of parameters that can be updated during the polling, according to the VIEW
selected in the HIRT.VIEW_SELECTION parameter. The VIEWs use the HART 33 command to
access the variables listed in the HART device. Actually, any HART variable, accessible by the 1, 2,
3 or 33 commands, can be read by the HI302. The variables accessible by the command 33 require
the configuration of the HIRT block XX _CODE parameters. For example, the user wants to read the

TEMP_MAX variable, which the manufacturing code is 12.

Then, configure the A1_CODE

parameter with 12 and select the VIEW_02. Thus, the variable TEMP_MAX will be read in the
A1_VAL parameter, and in turn its unit on the A1_UC parameter.

8.2
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1.

How many HI302 modules can be installed on the same H1 segmentl?

From the H1Channel’'s perspective, up to sixteen modules can be connected to it, as it is a passive-
MAU device. It must be remembered, that the HI302 module works as a HART device concentrator,
supporting up to 32 HART devices in continuous communication. The total number of blocks (or
TAGs) to be supervised, as well as the supervision periodicity, must be taken into consideration for
this dimensioning. The suggestion is for no more than 32 HART devices per H1 channel, namely,

e one HI302 in the multidrop mode, with 8 channels x4 HART instruments per channel or,
e 4 point-to-point HI302, with 8 channels x 1 HART device per HI302 channel.

Can other types of devices be installed on the same H1 segment?

Yes, as long as all limitations and restrictions are considered regarding the time for blocks and
parameters supervising, publication of links, etc. The HI302 macrocycle is very large (~1s) because
the HIRT block execution takes a lot of time (~50 ms).

How many HART devices can be connected to a HI302?

Up to a total of 32 instruments (transmitters or actuators), being at most 15 (addressed from 1 to 15)
for each channel. It is strongly recommended that at most 4 devices per channel be installed, so that
the communication in the multidrop mode is most efficient.

What is the difference between the HI302-N, HI302-1 and HI302-0?
The three work on the same basic hardware and firmware platform, the difference being on the
analog conversion board installed over the main board.

e On the HI302-N model there’s no analog conversion, only HART communication.
e On the HI302-1, the circuit converts 4-20mA to FF, through a MAI block.
e On the HI302-0, the installed circuit converts from FF to 4-20mA, by using a MAO block.

What is the Update Periodicity of the HART variables on the HI302 blocks?

This period of time depends on a series of factors such as: number of devices per channel,
communication errors, presence of another Host in the channel, a device in Burst Mode, number of
the selected VIEW, etc. Generally speaking, a HART transaction lasts about 800 ms to be finished.
See in the VIEW table, the average time to update the dynamic variables.

Does the HI302 let Portable Programmers to be used, such as the HPC301?
Yes. Since the HPC301 is a Secondary Master, it is possible to have it connected to a HI302
channel without any problems, provided this channel is configured as a Primary Master.

8.3
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Appendix B

HART Command Configuration in FLASH memory

HIRT Block

When the device is identified by the command selected in the HIRT.ID_CMD, the HI302
module will send sequentially all the reading commands in the configuration of the
memory. Since this set of commands includes some Common Practice commands, the
device may not support all the sent commands, causing, then, retransmission and time
waste in the communication. In this case, it is necessary for the user to identify the
command in the table below and to configure the command index not supported by the
HIRT.COMMOM_CMD_FILTER parameter. This parameter is a filter with 5 positions and
because its indexes are not executed, a faster HIRT update process with no
retransmission is generated. For example, to not send the HART 48 command (READ
ADITIONAL STATUS), just write the 24 index in the HIRT. COMMON_CMD_FILTER.[1]
parameter.

Sent HART Reading Command used by the HIRT Block

Index ‘ Col-rInArl:;-n d ‘ Description
12 1 PV Reading [EU].
13 2 Current reading (mA) and PV reading in percentage.
14 3 Read the loop current (mA) and the PV, SV, TV, QV [EU].
16 12 Read the message.
17 13 Read the TAG, DESCRIPTOR and DATE.
18 14 Read the information about the PV sensor.
19 15 Read the information about the PV analog output.
20 16 Read the FINAL ASSEMBLY NUMBER.
24* 48* Read the ADDITIONAL STATUS INFO.
37* 33* Read the dynamic variables of the group A.
38* 33* Read the dynamic variables of the group B.
39 33 Read the dynamic variables of the group C.
40* 33* Read the dynamic variables of the group D.

*Common Practice Command. May not be implemented in the device.

Identification HART Commands

Identification commands are those used to get the device’s initial data, such as its long
address. The HIRT block may use the following commands:

Index
1

HART Command Description

0

Use the polling address.

36

11

Use the device TAG.

B.1



HI302 — User’s Manual

HART Writing and Execution Commands used by the HIRT Block

The execution commands are those for which the module does not wait a response
containing data that can update the block parameter. An example of execution command
is the RESET command of the device.

Index ‘ HART Command ‘ Description
15 6 Write the polling address.
21 17 Write the MESSAGE.
22 18 Write the TAG, DESCRIPTOR and DATE.
23 19 Write the FINAL ASSEMBLY NUMBER.
25* 40* Enter or Exit the fixed current mode.
26* 41* Run the self-test.
27* 42* Restart the device (RESET).
28* 47* Write the PV transfer function.
29* 34> Write the PV DAMPING VALUE.
30* 35* Write the PV RANGE VALUES.
31* 38* Reset the configuration change flag.
32¢ 49* Write the PV sensor serial number.
33* 44~ Write the PV unit code [EU].
34* 109* Control the device BURST mode.
35* 43* Adjust the PV “zero”.

*Common Practice Command. May not be implemented in the device.

HVT Block

The configurations for the HVT block include the Common Practice and the specific
commands on each device. To use this block, the HI302 should have any configuration to
support the commands of the desired HART device.

When the user writes the HART_TAG on the HVT.DEV_TAG_SEL parameter, the HI302
automatically searches for a configuration that supports the HART device. So, the HI302
will send all the reading commands available in this configuration.

See in the Appendix C, the HART variables mapping for the HVT block parameters of
each configuration in the HI302’s memory.
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Appendix D

Codes for Smar HART variables and configuration of the HIRT block for the AssetView

The variables in these tables can be accessed by the HART command 33 through the correct
configuration of the XX_CODE parameters of the HIRT block. Also remember to configure the

correct VIEW in the VIEW_SELECTION parameter for efficient reading of the desired variables.

FY301 Intelligent Valve Positioner

Available Variables

Index ‘ Variable
Input Current in milliamperes

Process Variable in percentage

Current Setpoint in percentage

PID MV in percentage

PID ERRO in percentage

Desired Pos in percentage

Setpoint in percentage

PID Integral in percentage

Hall

Temperature in °C

Piezo Voltage

Temperature in °F

Travel

Strokes

Reversals

Lowest Temperature

Highest Temperature

None

None

None

Opening Time

Closing Time

Setup Watchdog

Out Press 1

Out Press 2

NINININININ Rl —
a| B3N 2| Olo|m|N|o|a| Blwv] 2o ©®R|N| o g A W = O

In Press

251 None (Only employed to cancel the secondary variable) - preferred

Configuration of the HIRT block for AssetView:

HIRT Parameter | Value | Description

VIEW_SELECTION | VIEW_09 [Default View
A1_CODE 23 PressOut1
A2_CODE 24 PressOut2
A3 _CODE 25 Pressin
A4 CODE 1 PV (Valve posistion)
B1_CODE 21 Closing Time
B2_CODE 20 Opening Time
B3_CODE 10 Piezo
B4 CODE 8 Hall
C1 _CODE 13 Strokes
C2_CODE 14 Reverse
C3_CODE 12 Mileage
C4_CODE 17 Setup Progress
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HI302 — Manual do usuario

LD301 Intelligent Pressure Transmitter

Variables list of the HART command #33 for the LD301

Index

Variable
OUTPUT IN MILLIAMPERES

OUTPUT IN PERCENT

PRESSURE (PRIMARY VARIABLE)

PROCESS VARIABLE PERCENT

PROCESS VARIABLE

TEMPERATURE (SECONDARY VARIABLE)

SETPOINT PERCENT

SETPOINT

ERROR

Ol |N[O(O| A |WIN[=|O

TOTAL

251

None (Only employed to cancel the secondary variable) — preferred

255

None (Only employed to cancel the secondary variable)

Configuration of the HIRT block for AssetView:

Available Soon

TT301 Intelligent Temperature Transmitter

Variables list of the HART command #33 for the TT301

Index ‘ Variable
0 Output in miliamperes - Out
1 Output in percent - Out%
2 Temperature - (PV)
3 Environment temperature - Temp
4 Process variable percent- PV%
5 Setpoint percent - SP%
6 Setpoint - SP
7 Setpoint time - SPTIME
8 Error - ER%
9 Pid_KP -KP
10 Pid_ TR-TR
11 Pid_ TD-TD
12 Damping - Damp
13 Manual register - MV
14-24 Reserved
25 Input variable (used for trim)
26-254 Reserved
255 None (Only for secondary display code)
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Configuration of the HIRT block for AssetView:

Available Soon

DT301 Intelligent Density Transmitter

Variables list of the HART command #33 for the DT301

[[Te [)'4 Variable

Output in miliamperes - Out

Output in percent - Out%

Temperature - (PV)

Environment temperature - Temp

Process variable percent- PV%

Setpoint percent - SP%

Setpoint - SP

Setpoint time - SPTIME

Error - ER%

O O|N|O(OA[WIN|—=|O

Pid_KP -KP

Pid_TR-TR

R Y
= O

Pid_TD - TD

Configuration of the HIRT block for AssetView:

Available Soon

TP301 Intelligent Pressure Transmitter

Variables list of the HART command #33 for the TP301

Index
0

Variable
Posicdo em porcentagem

Saida em Miliamperes

Temperatura em °C

Temperatura em F ( Fahrenheit )

Hall

unidade de posicado P. V. (E.U.)

OO WIN| -

% of Hall

Configuration of the HIRT block for AssetView:

Available Soon
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