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Glossary

GLOSSARY

Access Restriction — To change the parameters that affect the calculation of the corrected volume,
the user must enter with password.

ALG (Automatic Level Gauging) — Level measurement system in the tank.

Apparent Mass (in air) — Mass in vacuum subtracted the buoyant force from the air displacement
volume. As the mass is indirectly measured by weight force or by the difference between this force
and the buoyant, the apparent mass is the mass measured by these methods.

ATT (Automatic Tank Thermometer) — System of the liquid temperature measurement in the tank.

Audit Trail - Compilation and retention of information sufficient to verify the quantity in custody
transfer. The QTR reports, configuration change, alarm/event and well test are included.

Base Conditions — Some variables refer to the base conditions, that is, at base temperature and
pressure (reference) established by national regulation or international standard.

Base Density of Liquids — Measured density converted at base temperature and pressure
conditions.

Base Temperature (reference) (Tb) — It is the reference temperature.

BSW (Base Sediment and Water) — Percentage of water and sediments that is emulsioned to the
oil after the time of stabilization.

Course — Course of the tank shell, constituted of metal plates.

Dead Volume - Volume subtracted from the capacity of the tank due to insertion of
equipments/piece in the tank, for example, moderated tube, temperature sensors to different levels.

Density Weighed Average (DWA) - The measured density is weighed by volume or mass.
DWA = X (Di * Vi)
Vit
Floating Roof — Type of tank where there is a floating roof (on the measured liquid) to avoid
accumulation of gas.

Free Water — Water separate of the oil through decantation in tank.

Gross Observed Volume (GOV) — Product volume at process temperature subtracted the volume
of free water and added the thermic dilation of the tank and floating top.

Gross Standard Volume (GSV) — Corrected volume at base conditions with low percentage of
water and sediment mixed to the oil.

HTG (Hydrostatic Tank Gauge) — Measurement in tank with base in hydrostatic pressure
measurement, where the density and level is obtained.

HTMS (Hybrid Tank Measurement System) — Tank measurement system with base in hydrostatic
pressure and level where the density is obtained.

Hybrid System (HTMS — Hybrid Tank Measurement System) — Tank measurement system where
have a combination of technology with base in hydrostatic pressure measurement and new technics
of level measurement.

Level (innage) — Level of liquid relatively to measurement table.

Level (ullage/outage) — Distance between the sensor of level meter and the level of liquid, that is,
the area available in tank. The liquid volume is obtained from difference with the reference height.

Mass in Vacuum — Mass obtained by conversion of the net standard volume (NSV) using the base
density.
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Measurement Table (dip-plate) — Plate used as reference to manual measurement of level. The
position of the measurement table can't be affected by agitation of the tank’s bottom or wall.

Net Standard Volume (NSV) — Corrected volume at base condition and subtracted the quantity of
sediments and water mixed to the oil.

Process Conditions — Some volumetric variables refer to the process conditions, that is, volume at
temperature and process pressure.

QTR (Quantity Transaction Report) — Report of quantity transaction, including all informations
necessary to calculation of the corrected volume and mass of the correspondent period.

Reference Height — Distance between the sensor of the level meter and the measurement table.
Sampler — Equipment used in the collection of representative sample of the transferred volume.

Tank Table — Table of linearization points of the Volume x Level curve of a determined tank.
According to 1SO7507 standard, have a segment for each tank course added the number of
segments necessary due to dead or additional volume in function of level.

Temperature Correction Factor (CTL) — This factor multiplies the volume measured by the meter
to convert the volume to the base temperature conditions. This correction is related to the thermal
expansion property of the product being measured.

Total Observed Volume (TOV) — Volume obtained from level and tank table at base temperature.
Therefore, before consider the thermic dilation of the tank at process temperature.

Weighed Average of the BSW (SWWA) - The BSW measured is weighed by volume or mass.
SWWA = Z (SWi * Vi)

Vit
Well Test — Test accomplished to evaluate or monitor the production of an oil well.




Chapter 1

Introduction

OVERVIEW

The tank measurement system is a System302 application whose specific components are:

e TM302 Module — Tank measurement: module responsible for collect the informations of
field device (level, temperature and density of liquid, free water interface, ambient
temperature and BSW) and associated to configuration (for example, tank table) execute
the calculation of the net volume at base condition, as well as the mass. This module also
executes a significant role to guarantee the audit trail of the system.

¢ TMView — Management and Report Tool: It is the software component where the
principal function is the management of reports. To do reading on the reports generate by
TM302 from the NVRAM memory and storage in data base. It allow the view and print
reports, monitoring and performance in all parameters of measurement and revision blocks
/ reports edition.

The TM302 and TMView Measurement System was designed for International Standards focusing
applications like inventory control, custody transfer, weel test using tank and leak detection.

Based on AuditFlow — Flow Measurement System where the application is the fiscal measurement
and custody transfer, the Smar innovate incorporating the characteristic of audit trail to Tank
Measurement System, although there is no international standard applicable.

There is a special treatment for audit trail. It allows verify the calculations taken place in the TM302,
access restriction to parameters which affect the flow calculation and configuration log, reports on
occurence of process alarms and events, besides providing the QTR (Quantity Transaction Report)
reports. Another important feature to attend the applications mentioned above is the data security to
warrant the authenticity of presented data in the reports.

As the system architecture is based on SYSTEM302, many concepts and system components have
detailed descriptions in specific manuals. Thus, there are some pre requirements before reading this
manual, which are:

e Syscon User Manual

e Smar OLE Server Manual

e Function Blocks Manual

System Architecture

When using Smar Field Devices, the Firmware version must be 3.46 or higher.

The following figure shows a typical system using TM302. Due to hardware modular configuration,
as well the Foundation Fieldbus, Modbus RTU and TCP/IP protocols as a builtin feature in the
TM302 module, many options of architecture and connectivity are available to the user.

The flow computer configuration tool is the Syscon, the universal tool for Foundation Fieldbus
equipment. Thus, using other manufacturers’ equipment, which also support Foundation Fieldbus, is
easily integrated to the system, including their own configuration process.

The configuration is based on function block diagram language defined by IEC-61131-3 standard.
This configuration language allows the organization of information and block parameters, according
to functionality, as well as, easy comprehension of the configuration strategy.

The TMView is a software tool for operational phase of the system, it is used to monitoring the main
measured and calculated variables and parameter configuration.

Through the TMView, all necessary informations to generate all report types and storage in the data
base are obtained from AuditTank memory. Report views in data base and prints are also available
in TMView.
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The AuditTank (TM302 / TMView) has an OPC Server (DFI OLE Server), which allows
communication with main supervisory softwares available in the market where the Syscon and
TMView control and adjust function blocks parameters.

The interface between AuditTank and the field devices can be as follows:

Communication through H1 Foundation Fieldbus protocol: Presents among other advantages, the
digital transmission of the measured process variables (level, liquid temperature, ambient
temperature, pressure, density, interface with free water and BSW) to avoid loss of accuracy in
D/A and A/D conversions. Possibility of monitoring/performance in all parameters of equipment
and, mainly, access to diagnostic informations allowing a preventive maintenance.

1/0 4-20mA Modules and pulse inputs: The traditional access to measured variables by field
devices is also available through 4-20mA to Foundation Fieldbus converter (IF302), 4-20mA
analog input module (DF44 and DF57) and temperature module (DF45).

Communication via Modbus RTU / TCP-IP protocol: TM302 has a set of function blocks which
allows a suitable integration with Modbus devices. Through the EIA-232/485 or Ethernet+TCP/IP,
the AuditTank can be a Master or Slave Modbus device. The Modbus communication
implemented in TM302 allows the process variables to be reliably transferred, guaranteeing an
adequate updating cycle to these variables, as established on the API-21.1 and API-21.1
standards, and also, the information on communication status and the use of an override value, in
a failure situation.

Examples of applications: read level from radar, monitoring of variables through local HMI and
reading on process variables of multivariable transmitter.

Syscon/TMView - SCADA -
OPC Server — OPC Server -

ETH

_ =1 PRINTER
") RerorT)

LOCAL PANEL

AuditTank - Typical Architecture
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Chapter 2

THEORETICAL AND NORMATIVE
DESCRIPTION

Standards used in Volume Correction and Measurement

API - American Petroleum Institute (USA)

API-11.1 — Temperature Correction Factor of Liquids Hydrocarbon
API-12.1.1 - Calculation of Quantity in Cylindric and Maritime Tanks
API-3.6 — Hybrid System in Tank

API-21.2 - Audit Trail and Data Security — Adapted to tank measurement

ISO - International Standard Organization

ISO4266-1 — Level Measurement in Atmospheric Tank
ISO4266-4 — Temperature Measurement in Atmospheric Tank
ISO7507 — Tank Calibration of Cylindric Shore Tank

OIML - International Organization of Legal Metrology

Liquid Measurement

OIML R71 — Fixed Tanks — General Requeirement
OIML R85 — Automatic System of Level Measurement in Fixed Tank

Tank Calibration — 1ISO7507-1 to 1ISO7507-6

The calibration process in cylindric tanks aims an average internal radius for each tank course and
so a segment from tank table is obtained.

The 1SO7507-1 refers to the tank process using tensioned tap for measurement of the external
radius of each course. According to this standard is necessary:

Load the tank, unless once, with work capacity and remain for 24 hours before calibration
process.
Measurement on three different levels for each course if the calibration is required by legal
terms, and in two different levels if is internal procedure of work.
If a tape is used to circle the tank, the zero should be a distance of vertical solders, at least a
third of the plate length.
Before reading a voltage should be applied in the tape.
After reading the voltage should be reduced, and then, the reading should be repeated for same
height. The standard establishes the tolerance between two consecutive readings for each tank
size.
The average between two consecutive readings according to tolerance established will be used
as the course circumference for established height.
Determination of “stepover” correction due to obstacle that cause a deviation from the
measurement tape for a perfectly circular trajectory.
Measurement on plate thickness and painting for each course.
Measurement on course height for more than one point around of the tank. The average will be
as course height. The sum of the course heights should be according to the total height which
will be measured.
Dead Volume: measurement on dead volume (if possible), as well as the height of the inferior
and superior edge according to the reference point.
For volume measurement on the tank bottom there are two methods:

o Keep a nonvolatile liquid to a minimum level where the measurement table is totally

submerged.
o If is not possible use the previous method or the bottom of the tank has a regular
format, then use physical inspection method.

Measurement on tank inclination through plumb line of the tank top: measurement on a
sufficient number of the points with the displacement maximum in the base of the tank.
Measurement on apparent mass of the floating top, that is, to fill slowly the tank until the top is
completely floating, that is, without depend on the support. The level measurement is realized
as well as the measurement on density and temperature of the liquid.
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e The tank recalibration should be realized always that there is a suspicion of tank deformation,
agitations in the tank bottom, increase or decrease of dead volume or according to the
periodicity established in national legislation.

Procedure to determine the tank table:

e Calculate the average circumference for each one of the three heights of a determined course;

e Correct this average circumference due to “stepover”;

o The external average circumference of the course is obtained by arithmetic average between
the average circumference corrected by “stepover” on three height of the course;

e Calculate the internal circumference of the course minus the plate thickness and the painting.
The value that will be subtracted is 2 11 t, where t is a plate thickness plus the painting;
The value obtained for internal circumference is the temperature which was calibrated to tape;

e Calculate the correction volume factor due to tank inclination.

Level Measurement in Atmospheric Tank —1S0O4266-1

Establish the requirements to level measurement in atmospheric tank, where custody transfer
applications the intrinsic maximum error to level meter is +/- 1mm and the error of the level
measurement system installed is +/- 3mm.

Liquid Temperature Measurement in Tank — 1ISO4266-4

Establish the requirements to temperature measurement:
e Intrinsic error to temperature measurement system: +/- 0.25°C.
¢ Two methods to measure the average temperature of the liquid in tank considering as gradient
principal in the vertical direction due to insolation:
o Multiple accurate sensors in different levels and the average of the submerged sensors
is calculated;
o The following table establishes the minimum number of accurate sensors depending
on the tank height;

Minimum Number of Elements | Tank Height
4 <9m
5 9to15m
6 >15m

o Multiple sensors of different lengths and the sensor reading of bigger total length,
totally submerged, is used.

Temperature Correction Factor (CTL) — API-11.1

The temperature correction factor (CTL) is calculated with base on the measured density at process
conditions and process temperature. This correction factor is used to convert the volume of liquid
hydrocarbon from process condition to base condition. Besides the density and temperature, there is
necessity to specify the product type: A — crude oil; B — generalized products (gasoline, diesel,...); C
— MTBE; D — lubricating oil.

Calculation of Quantity in Cylindric Tanks — API-12.1.1
This standard introduces the sequence of volume and mass calculation in shore and atmospheric
cylindric tank, as well as oil tanks (not implemented int the TM302 — Version 1):

TOV = GOV - GSV > NSV > Mass

TOV = f(innage, tank table)
FWV = f(FW, tank table)
TSh = 7*T|ig + Tamb
8
CTSh=(1+Gl*(TSh-Tb))?
GOV = (TOV — FWV) * CTSh +/- FRA
GSV =[(TOV — FWV) * CTSh +/- FRA] * CTL
NSV =GSV * (1 — BSW)
M = NSV * WCF
Ma =M * (1 — Da / Dobs)
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Where:

TOV: volume obtained from the level and tank table.

FW: level of free water.

FWV: free water volume from the water/oil interface and tank table.
Tiiq : liquid temperature that will be measured.

Tamb : @ambient temperature (near to tank).

TSh: tank temperature.

CTSh: Temperature correction factor for tank table obtained from the tank operation temperature,
tank base temperature and coefficient of thermic expansion.

Gl: coefficient of linear thermic dilation of the tank material.

FRA: Adjustmente for tanks with floating top.

WCF: conversion factor of volume to mass obtained from the density.
Ma: apparent mass (in air).

M: mass in the vaccum.

Da: air density.

Dobs: liquid density in vacuum at operation condition.

Correction Factor for Ethanol

Using the NBR 5992-80 or OIML R22-75 standards, flowing density of the mixture and the flowing
temperature, the base density and CTL factor are calculated.

There is an important difference between the standards above and the standards used for
hydrocarbon, because such standards describe the behavior of the mixture etanol and water density
with the temperature, while the standards for hydrocarbon treat of substances without water. This
difference is necessary because the standards for the etanol treat of etanol and water mixtures in a
proportion of the etanol in mass from 66% in NBR 5992-80 and 0% for OIML R22-75.

Vm,b — pm,t
Vm,t pm,b

CTL =

Where:

CTL : correction factor of the flowing temperature to base temperature
Vmp : Volume of the ethanol and water mixture at base condition

Vmt: volume of the ethanol and water mixture at flowing condition

on, « - density of the ethanol and water mixture at flowing condition
om,b : density of the ethanol and water mixture at base condition

Another variable calculated from the flowing density and flowing temperature is the percentage in
mass of the ethanol in the mixture (p%), that is also denominated INPM degree in Brazil.

p% = INPM = e
m

m

Where:

p% : percentage in mass of ethanol in the mixture
me : ethanol mass

mn, : mass of ethanol and water mixture.

For this product the compressibility factor will be considered null, therefore CPL=1

The calculation of NSV presents a difference in relation to the liquid hydrocarbon, because when
mixing ethanol and water happens a small shrink. Besides, BSW can be calculated by the following
equantions.

*n0p GSV* * p%
NSV =V,, = e = Mo Z P70 _ E9V " P P
pe,b pe,b pe,b

= GSV (1- BSW,)

Where:
Ve : volume of ethanol at base temperature

Then the BSW is calculated using the following equation:

* pot
BSW, = 1 Pmp” P70
pe,b
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Where :
Pm,b : Mixture density at base temperature
Pe,b : €thanol density at base temperature

Temperature | Density of pure etanol |
15°C 793.51 kg/m
60 °F 793.1 kg/m®
20 °C 789.24 kg/m®

BSW; : percentage of water in volume at base condition and considering the volumetric expansion
to remove the water.

All the tables of OIML R22 are based on Wagenbreth and Blake mathematical model, whose
equation is:

Pog = At YA PEY B (€20 +35C,, * p* (- 20)
k=2 k=1

i=1 k=1

Where :

t : temperature to calculate the density of the ethanol and water mixture in Celsius degree
p : percentage in mass of ethanol in the mixture

Pm.t : density of ethanol and water mixture in kg/m?>.

The coefficients are:

k | Ak | Bk | C1lk

1 | 9.982012300000000E+02 | -2.061851300000000E-01 | 1.693443461530090E-01
2 | -1.929769495000000E+02 | -5.268254200000000E-03 | -1.046914743455170E+01
3 | 3.891238958000000E+02 | 3.613001300000000E-05 | 7.196353469546520E+01
4 | -1.668103923000000E+03 | -3.895770200000000E-07 | -7.047478054272790E+02
5 | 1.352215441000000E+04 | 7.169354000000000E-09 | 3.924090430035050E+03
6 | -8.829278388000000E+04 | -9.973923100000000E-11 | -1.210164659068750E+04
7 | 3.062874042000000E+05 2.248646550400790E+04
8 | -6.138381234000000E+05 -2.605562982188160E+04
9 | 7.470172998000000E+05 1.852373922069470E+04
10 | -5.478461354000000E+05 -7.420201433430140E+03
11 | 2.234460334000000E+05 1.285617841998970E+03
12 | -3.903285426000000E+04

k | c2,k | C3k | Cak | C5,k

1 | -1.193013005057010E-02 | -6.802995733503800E-04 | 4.075376675622030E-06 | -2.788074354782410E-08
2 | 2.517399633803460E-01 | 1.876837790289660E-02 | -8.763058573471110E-06 | 1.345612883493350E-08
3 | -2.170575700536990E+00 | -2.002561813734160E-01 | 6.515031360099360E-06

4 | 1.353034988843030E+01 | 1.022992966719220E+00 | -1.515784836987210E-06

5 | -5.029988758547010E+01 | -2.895696483903640E+00

6 | 1.096355666577570E+02 | 4.810060584300680E+00

7 | -1.422753946421160E+02 | -4.672147440794680E+00

8 | 1.080435942856230E+02 | 2.458043105903460E+00

9 | -4.414153236817390E+01 | -5.411227621436810E-01

10 | 7.442971530188780E+00

Algorithm for determination of the base density and percentage in mass of the etanol is:

e Input data: mixture density at flowing temperature and the flowing temperature

e lterative method for determination of the percentage in mass of the ethanol using the
Wagenbreth and Blake equation, flowing temperature and mixture density at flowing
temperature.

e Calculation of the mixture density at base temperature using the Wagenbreth and Blake
equation, percentage in mass of the ethanol in the mixture (defined in the previous item) and
flowing temperature.

2.4



Theoretical and Normative Description

Hybrid System of Tank Measurement — API-3.6

In this standard is discussed the technique of measurement in tank denominated hybrid system,
because arrange the traditional method through hydrostatic pressure (HTG) with the recent
technology of level measurement of high accuracy.

The equation below is used to determine the liquid density and is based in the pressure balance.

Dobs = (P1=P3) =g * (Dy=Ds) *Hi +Dy
gr(L-2)

Where:

Dobs: Density at operation temperature in Kg/m3

L: Liquid level in meters

Z: force center height of pressure sensor P1 (H1+HO) corrected in temperature, in meters
g: local gravity acceleration in m/s?

H:: distance between the force center of sensors P1 and P3 corrected in temperature, in meters
Dy : vapour density in tank in Kg/m3

D, : air density in Kg/m3

P1 and P3: gauge pressures in pascal

P3: Internal pressure in the tank (vapour column above of the pressure plug point)
Atmospheric Tank

Pressurized Tanks

The measurement on pressurized tanks has some differences in the sequence of calculation,
showed below:

TOV - GOV > GSV > NSV - Mass

TOV Calculation
1. Cylindric Tanks (API-2.2E/ISO 12917-1:2002, API-2551)

The cylindric area is calculated according to the equation:

- { >

c

V. = L R? 2 arccosR—_h - sen(z arccosR—_hj
2 R R

If the tank will be inclined, then:

TOV, =V, *Cy

Where Citilt is the correction factor for inclined horizontal cylindric tank calculated as APl MPMS-
2.2.E Figure A.1., which the correction factor is applied only to cylindric area, because the effect is
negligible in the top (API MPMS-2.2.E Appendix A).

The conditions of inferior and superior wedge are ignored, that is, the tank is totally empty and
totally full, respectively. This consideration is reasonable considering the maximum value of
inclination of the graphic below, that is E/D = 0.06
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0.5
b6

b7

bE
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0,95
0,94
0,47
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995
0,996

0,397

9,998

0,899

Value of Hil — sublract volume correcton when tank is kess than half full
Walse ol H/D - add volurme correction when lank i less than half full

Centre of tank

[, E and i may be maasured wartically, il desingd
0 Diamoter of the lank, [ matres
£ Elevation (heght) of 1he higher end of the ank above the lower end of the tank, m melnes
B Height of liqued in the tark, in metras

1
2
I Wolume comaction, percentage of total ank capatily
4
]

Notes:

1. If the level is so that the relation beteween level and diameter of the tank (H/D) is inferior to
0.001 or superior to 0.999, the Citilt will be a value correspondent to these values.

2. In compliance with APl MPMS-2.2.E appendix A, the correction factor is not considered due to
inclination (Ctilt), if E/D is inferior to 0.012.
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Center

ATG

Case 1

ATG
Center

Case 2

TOV=0 in cases of inferior wedge, shown in the previous figures:

Center

Case 3

ATG
Center

Case 4

In cases of superior wedge shown in the previous figures the TOV correspondent to full tank is

considered.
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Level in tank center

‘ Calculation

\ Description

TOV=0 in the following cases:

- Level, different of zero, where the level
meter is installed, but at central point of
the tank, the level is zero (Case 1).

cylinder.

Equal to zero Inferior TOV=0 - Level obtained from the level meter
indicates zero, although there is level
different of zero at central point (Case 2).
In these <cases the GSVvapour
corresponds to total volume of the tank.
G Level obtained from the meter bigger than
reater than zero, but
does not reach the Inferior TOV*Ciilt Zero, as well as the value Se’.“ to centrgl
superior head. point of the tapk. The graphlc above is
used to determine the Citilt.
Level obtained from the meter less than
Less than diameter of diameter of the tank, as well as the value
main cylinder, but the Superior TOV*Ctilt | sent to central point of the tank. The
inferior head is full. graphic above is used to determine the
Ctilt.
TOV of the full tank is considered in the
following cases:
- Level obtained from the level meter
indicates full tank, although the level at
Greater or equal to TOV — full central point is inferior to diameter of the
diameter of main Superior tank tank (Case 3).

- Level where the level meter is installed is
inferior to diameter of the main cylinder,
but sending to central point of the tank,
the level is equal to diameter of the tank
(Case 4).

The edge of the horizontal cylindric tank (*heads”) are calculated as geometry:

a) Knuckle-dish

X3

Qi

Ry
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Where:

Rk : knuckle radius
Rd : dish radius

R : cylinder radius

Observation: If the tank has different internal radius between the main cylinder and the flange, for

equations below should be considered the flange radius on the contrary the cylinder radius (R).

From the three radius, calculates:

seng = ﬂ

Rd - Rk

X, =R, *cosp

X, =Ry —(Ry —R,)*cosp
Calculation of Rx:

fo<=x<=x2: R, = R—R, +/R.*— x>

itx2 <= x<=x1: R, =+/R,? =[(R, =R, )* cos 3+ xJ?

xh
TOV, = _[RXZ * arcco{RR—_h) —0.5* sen| 2* arcco{RR—_hj dx
0

X X

Numeric integration using Simpson.

Where:
Xh: it is determinated with base in following restriction:
_1<Reh g

xh
b) Elliptical

7* L1* h? h
TOV, = ———*|1-—

2 3R

Where:

R: head radius
L1: head length
h: liquid level

c) Spherical
The calculation of spherical head is a particular case of the Knuckle dish which Rk=0.

The TOV of the horizontal cylindric tank is calculated by add the cylindric part with the heads, added

or subtracted of the additional/dead volume:

TOV =TOV, + 2* TOV, +V,

eadwood

2.9



AuditTank — User’'s Manual

2. Spherical Tanks (API-2552)

The volume in the spherical cap added to volume on the tank bottom, added or subtracted of the
additional/dead volume supply the TOV:

TOV (R’ h) = %ﬂh ? (3R - h) + Vbottom_capacity +Vdeadwood

Calculation of GOV
1. Cylindric Tanks:

TOV, *C . 2*TOV, *C ..

GOV =(TOV — FWV )* CTSh +
TOV, +2*TOV, TOV, +2*TOV,

P*R
ve L en—
’ 2*WT * E

(5-4*0)

* P *
C:13PR

+—— (-0

pre 2*WT * E A-o)

Where:

Cpve: correction factor due to pressure on the tank wall — cylindric part

Cpve: correction factor due to pressure on the wall of the tank head that, by approximation, will be
calculated as a spherical cap. For heads knuckle-dish or spherical type will be used the spherical
radius, while head of the elliptical type will use the radius of the tank cylindric part (internal radius of
the flange).

2. Spherical Tanks:
GOV = (TOV — FWV) * CTSh * Cpve

CTSh = (1 + alpha * (TSh — Tb)) ?
TSh = 7"Tiiq + Tamo
8
3*P*R
vae =1+m(1—0)

Where:

P: gauge pressure

R: average radius of the sphere
WT: thickness of the tank plate
E: Young module (elasticity)

o: Poisson coefficient
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Calculation of GSV

GSV =GOV *CTL* CPL

Where:

CTL: temperature correction factor, converting the volume of liquid for base condition. Use the
density and the average temperature of the liquid.

CPL: pressure correction factor, converting the volume of liquid for base condition. Use the density,
average temperature of the liquid and the vapour pressure (P3).

Calculation of GSVyapour
First the vapour volume in tank is calculated:

\Y% =V TOV

vapour tank _capacity

Where Viank_capacity iS total volume of the tank at base condition, including dead/additional volumes.
The vapour volume is converted for base condition using the equation of the ideal gas:
* *
Vvapour Pf Tb
vaapour = P*T
b f

The base temperatures and operation should be in Kelvin.
Then this vapour volume at base condition is converted in liquid at base condition using the factor
depending on the type of measured substance (Rv,l);

SVva our
GSVvapour = R—P
A
Product | R, |

Ethane 293.3
Propene 288.3
Propane 266.7
Butene-1 245.2
Cis-Butene-2 255.9
Trans-Butene-2 248.9
Iso-Butene 245.0
Iso-Butane 221.9
Butane 229.5
Iso-Pentane 193.7
Pentane 194.8

Calculation of NSV
NSV = (GSV+GSVyapour) * (1 — BSW)

M = NSV * WCF
Ma =M * (1 —Da/ Dobs)

Where:

TOV: volume obtained from the level and tank table.

FW: level of free water.

FWV: volume of free water obtained from the water/oil interface and tank table.
Tiiq: temperatura do liquido a ser medido.

Tamb: @ambient temperature (near to tank).

TSh: tank temperature.

CTSh: temperature correction factor for tank table, obtained from the operation temperature in tank,
base temperature of the tank and coefficient of expansion thermic.

FRA: adjustment for floating roof tanks.

WCF: conversion factor of volume to mass, obtained from density.

Ma: apparent mass (in air).

M: mass in vacuum.

Da: air density.

Dobs: liquid density in vacuum at operation condition.
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Equation for different configurations

The equations of calculation showed below consider different combinations:
e Density meter and BSW in tank and in line

e Fiscal measurement and appropriation

e Measurement in atmospheric and pressurized tanks

Dens In Tank
SW In Tank

CTLi, CTLf
CPLi, CPLf
SWi, SWf

Appropriation
&

T. Pressurized

GSVi/f = GOVilf *((1 — SWilf)*CTLo,i/f*CPLo,i/f + SWi/f*CTLw,i/f*CPLw,i/f)

NSVi/f = [GOVi/f * CTLo,i/f * CPLo,i/f + GSVvapour] *( (1 — SWi/f)

Appropriation

GSVilf = GOVi/f * ( (1 — SWiff) * CTLo,i + SWi/f * CTLw,i/f)

NSVi/f = GOVi/f * (1 — SWiff) * CTLo,i/f

T. Pressurized

GSVi/f = GOVilf * CTLo,i/f * CPLo,i/f

NSVi/f = (GSVilf + GSVvapour)* (1-SWiff)

GSVi/f = GOVi/f * CTLo,i/f

NSVi/f = GSVi/f * (1-SWi/f)

Appropriation
&

T. Pressurized

Configuration Error

Configuration Error

Configuration Error

Dens In Tank Appropriation
SWiin-line Configuration Error
CTLi, CTLf i e e ,
CPLi, CPLf . GSVi/f = GOVi/f * CTLo,i/f * CPLo,i/f
SWv T. Pressurized
ANSV = (AGSV + AGSVvapour) * (1 — SWv)
GSVi/f = GOVi/f * CTLo,ilf
ANSV = AGSV * (1 — SWv)
Appropriation AGSV = AGOV * ( (1 — SWv) * CTLo,v * CPLo,v + SWv * CTLw,v * CPLw,v )
&
DSeVr\]ISI '”I'_"“e T. Pressurized | ANSV = (AGOV*CTLo,v*CPLo,v + AGSVvapour) * (1 — SWv)
n-line
Appropriation AGSV = AGOV * ((1 = SWv) * CTLo,v + SWv * CTLw,v)
CTLv ANSV = AGOV * (1 — SWv) * CTLo,v
CPLv , AGSV = AGOV * CTLo,v * CPLo,v
SWv T. Pressurized

ANSV = (AGSV + AGSVvapour) * (1 — SWv)

AGSV = AGOV * CTLo,v

ANSV = AGSV * (1 — SWv)
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Audit trail, Field Device Calibration and Data Security

These characteristics don’t be required by international standard in the static measurement area in
tank, conversely of that occurs in the flow measurement area (API-21.2), but was incorporated to
this system, because are fundamentals for a measurement system in applications of custody
transfer.

Audit trail must be warranted by storing the information related to the calculations, this information
can be checked and the necessary adjustments may be applied in case of failure in the
measurement system.

The Standards require audit trail with the following information:

e Configuration log — restricted access to change the parameters that affect the calculation of the
corrected flow, saving the identification of changed parameter, the previous value, the new value,
date and time of change, and the identification of the user that executed it (this information is an
optional item in the Standards listed above).

¢ QTR Reports (Quantity Transaction Record) — This report must include critical information related
to the custody transfer, such as: transferred quantities converted to the base conditions, fluid
properties, correction factors, reading values used in the calculation, meter identification, etc.

e Alarm and Event Record — The occurrence and clearance must be registered for process alarm
and events. Each record must indicate the description, date and time of the alarm/event. Other
important events must be registered, such as: power failure, override input values, diagnostics and
other.

The API-21.2 standard also establish the verification and calibration procedures for field devices.
The verification procedure compares the values measured and transmitted to the device in normal
operation conditions, using values measured on trackable reference standards. The periodicity of
the verification must be shorter than the calibration, and a negative result of the verification may
imply a calibration

Security must be implemented through restricted access, data integrity storaged in the device
memory that realizes the calculation, guarantee of authenticity and data transfer reliability to the
reports.
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Chapter 3

HARDWARE

| WARNING: Failing to fulfill any step described in this chapter may imply system malfunction.

Racks, cables and accessori

MODEL |
DFO

es of AuditTank system

DESCRIPTION
Blind module to fill empty slots

DF1A

Rack with 4 slots — support to shielded flat cable

DF2

Terminator for the last rack — right side

DF3

Flat cable to connect 2 racks — length 6.5 cm

DF4A

Flat cable to connect 2 racks — length 65 cm

DF5A

Flat cable to connect 2 racks — length 81.5 cm

DF6A

Flat cable to connect 2 racks — length 98 cm

DF7A

Flat cable to connect 2 racks — length 110 cm

DF9

Support for a single module

DF54

Twisted pair cable 100 Base-TX

DF55

Twisted pair cable 100 Base-TX — cross cable — length 2m

DF59

Cable RJ12 used to connect controllers and DF58

DF68

Cable to connect redundant CPUs

DF76

Cable to connect coprocessors

DF78

Rack with 4 slots — It supports Hot Swap of CPUs and redundant
I/O access

DF82

Synchronism cable to connect redundant controllers — length 500
mm

DF83

Synchronism cable to connect redundant controllers — length
1800 mm

DF84

IMB Soft Starter

DF90

IMB power cable

DF91

Lateral adapter

DF92

Rack with 4 slots for redundant CPUs, hot swap and diagnostic
support

DF93

Rack with 4 slots, with diagnostic

DF96

Terminator for the last rack — left side

DF101

Flat cable to connect racks by left side — length 70 cm

DF102

Flat cable to connect racks by right side — length 65 cm

DF103

Flat cable to connect racks by right side — length 81 cm

DF104

Flat cable to connect racks by right side — length 98 cm

DF105

Flat cable to connect racks by right side — length 115 cm
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Installing the system’s base with DF92 and DF93 racks

DF90 Cable '~

Connector (rear)

In the following figure is shown the DF93 rack with its components.

Module Support

Ground Terminal

GND Connection

Plate

Vcc Connection
Plate

0 Flat cable

Flat Cable
0 Connector (Top)
Connector
Q Cap

Address
Switch

Module

H
Connector \ Clie

. . Grounding plate
Diagnostic (housing)
W1 Jumper LED

Figure 3.1 - DF93 components

A — DIN rail- Base for rack connection. It should be tightly fixed to the place where the rack is being
mounted.

B — Lateral adapter DF91 — It allows the connection of DF90 cables to rack.

C — DF90 cable— Cable for IMB power transmission. In this cable is the Vcc and GND of IMB and it
has to be connected in the rack’s left side.

D — Module support - Module holder located in the top of the rack.

E — Flat Cable Connector (rear) — It allows that two racks are interconnected by flat cable (P).
When there is more than one rack in a same DIN rail, the user should proceed as described in the
“Connection between adjacent racks” topic.

F —-W1 Jumper — To disconnect the rack from the power of the previous rack, W1 must be cut,
together with the Vcc connection plate (L) of the previous rack. This condition is necessary if a new
power supply is inserted from this rack.

G — Module connector — Connector to attach the module’s bottom part to the rack.

H — Clips — The metal clips, located in the rack’s bottom part, allow attaching the rack to the DIN
rail. They must be pulled before fitting the rack on DIN rail, and then, pushed for pieces fixation.

I — Grounding plate (housing)

J — Address switch — When there is more than one rack in same data bus, the addressing switch
allows different addresses to each rack.
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K — LED for diagnostic — It is used for diagnostic of the rack’s voltage.

L — Vcc connection plate — Vcc terminal (for power transmission).

M — GND connection plate - GND terminal (for power transmission).

N — Flat Cable Connector (top) — It allows that two racks are interconnected by flat cable (P).
When there is more than one rack in a same DIN rail, the user should proceed as described in the
“Connection between adjacent racks” topic.

O — Ground terminal — It is used to ground the flat cables shield.

P — Flat Cable — Cable used to interconnect the data bus among racks.

Q — Connector cap — To meet the EMC requeriments a protector against ESD must be installed in
the flat cables connections, at right.

Installing Racks - DF92 and DF93

The DF92 is used by redundant controllers, and it must be the first rack of IMB. The other racks
must be DF93.

Figure 3. 2 - Rear connector of DF93 rack

IMPORTANT

Remember to leave a space in the DIN rail to install the DF91 and the grounding terminal at
rack’s left side.

Installing racks in the DIN rail

IMPORTANT

Before installing the rack on DIN rail, connect the flat cable to rear’s connector (E) if you will
connect this rack to another at left. After connected to the DIN rail is not possible place the
flat cable on the rear’s rack without remove it.

1. Use a screwdriver (or your fingers) to pull the clips down.
2. Place the back of the rack on the top of the DIN rail edge.
3. Accommodate the rack on the DIN rail and push the clips up. You will hear a click sound when
they lock properly.
4. Set the correct address for the DF93 rack using its rotating switch (J). The DF92 rack does not
have address switch.
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Connection between adjacent racks

1. The adjacent cards to the joining part, between the racks, must be removed allowing access to
this operation (racks’s third slot, at left and slot 0 of rack, at right).

2. Connect the two racks using DF3 flat cable. This flat cable should already be connected to the
connector on the rear’s rack at right. And then, connect it to the top connector (N) of the rack at
left.

3. Connect the two racks to the power connectors (L and M), moving them with a screwdriver and
fixing with screws. Loose the screws only the suficient avoiding them from falling when making
the connection. See the next figure.

Figure 3. 3 - Connection between adjacent racks

Using the DF91
For further details about DF91 installation, refer to “Expanding the system’s power supply — DF90
and DF91" topic.

Figure 3. 4 - DF91 details

Left side ESD protection

If the power supply side connector on the left side of the rack (DF92 or DF93) is disconnected, it
should be capped with the left side ESD protection for compatibility with the EMC standards. This
situation can occur in the left-most rack in systems with a single row of racks or systems with
individual racks.

The installation is done screwing the protection in the connection terminals on the left side of the
rack. See the following figure.
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Figure 3.5 - Left side ESD protection installed on the rack

This protection is provided along with the DF2 terminator.

Disconnecting racks

1. The adjacent cards to the joining part, between the racks, must be removed allowing access to
this operation.

2. Remove the flat cable of top connector (N) of the adjacent rack, at left.

3. Remove the power connections (L and M) of both sides of the rack that will be disconnected.
For that, with a screwdriver, release the screws (only the sufficient) and move the connection plates
to left until they are completely withdrawn, thus the rack is free to be removed.

4. If the DF91 (B) is connected to rack that will be removed, remove it until the rack to be free.

5. Remove the rear connector (E) after removing the rack from DIN rail.
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Flat-Cable DF101

Installing the expansion flat cables - DF101, DF102, DF103, DF104 and
DF105

These flat cables are used when the AuditTank is expanded in more than one row of racks, i.e., in
different DIN rail segments, one below the other.

DF101 - Flat cable to connect racks by left side

It is installed in the rack’'s rear connectors (E) of the left extremity of each row of racks,
interconnecting the rows 2-3, 4-5 and 6-7 (if they exist).

To ground the flat cables shield, use the ground terminal (O) next to flat cables connection. The
available terminal, next to each DF91 (B), can be used.

DF102, DF103, DF104 and DF105 - Flat cable to connect racks by right side
They are installed on the upper connectors (N) of the right extremity rack of each row of racks,
interconnecting the rows 1-2, 3-4 and 5-6 (if they exist).

DF92 DF93 DF93 DF93 DF93
#ﬂi:‘ I: —
> ;

DF93 F9 . D3 9'3 Flat-Cable DF102-105

i s

—

Connector Cap

DF93 DF93 DF93 DF93

=S - -

Figure 3. 6 - lllustration - DF101 and DF102-105 Flat cables

To ground the flat cables shield, use the ground terminals (O) next to flat cables connection.

Figure 3. 7 - Ground terminal
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Figure 3. 8 - Ground terminal installed

Flat cables protector (connector cap)
To meet the EMC requirements a protector against ESD has to be installed on the flat cables

connection, at right. In the following figure a flat cable protector is shown when it is being installed
on the cable connector.

Figure 3. 9 - Installing the connector cap

In the following figure is shown a connector cap installed.

Figure 3. 10 - Connector cap installed
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Installing the IMB terminator - DF2 or DF96
Only one of these two terminators types (DF2 or DF96) must to be installed at the end of IMB bus. It
will depend on which side the last rack is connected to the system.

DF2 — IMB terminator for right side
It is connected to connector N of the last rack, when it is connected to the others by the left side.
See the following figure.

Figure 3.11 - DF2terminatr installed
For further details about its installation refer to DF2 manual.
DF96 — IMB terminator for left side

It is connected to connector E of the last rack, when it is connected to the others by the right side.
See the next figure.

DF96 - IMB Terminator
Left Side

smar

Figure 3. 13 - DF96 terminator installed in the DF93 rack

Summarizing, if the last rack has a flat cable connected by left side, use the DF2 terminator. If the
last rack has a flat cable connected by right, use DF96 rack.

Both cases depend on the number of row of racks, if it is even or odd.
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Expanding the system’s power - DF90 and DF91

This expansion has to be used when the AuditTank is expanded in more than one row of racks, i.e.,
in different DIN rail segments, one below the other.

752
(29.60)

21 30
— -
083 |1 (1.18)

Terminal Ground

DF91 | E |
i e —
e i == Conduit
. | I l l Flat Cable
DF90 Cable {f..- BT T 3 -
// (04 RACKS)
DF102

ey prm o oo 0 FletCable

I 5 LS

Connector cap

Electrical Cables
Conduit

=1t =y

10

DIN Rail s
(0.39)

DF101 Flat Cable

(N RACKS)

L 800
(31.49)
Figure 3. 14 - Example of expanded system

IMPORTANT
The DF91 must be installed at left side of each row of racks, to meet the requirements of EMC
standards even if no expansion of power.

Installing the DF91 in the DIN rail
The DF91 is installed on the rack of the left extremity of each row of racks.

To connect the DF91 to the DIN rail, fix the DF91’s rear part in the upper edge of the DIN rail, and
then, accommodate the DF91 in the rail, pushing it until you hear a "click" sound.
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i \gb ki
Figure 3. 15 - DF91 rear part

Connecting the DF91 to rack
The first rack’s slot needs to be empty allowing access to this operation.

1. Loose the screws (only the suficient) of the rack’s power connector. See the next figure.

Figure 3. 16 - Details of screws of the rack’s power connector

Move the DF91 to right up to fix in the screws.

Tighten the screws.
After connect the DF91 to the rack, install the terminal ground in the left side of DF91,

keeping it firm to the rack. This terminal also will be used for grounding of DF90’s shield.

Pwn

Figure 3. 17 - DF91 connected to rack
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Installing DF90

f-:j\\‘w”
Figure 3. 18 - IMB power cable (DF90)

The cable DF90 must be connected only through DF91, interconnecting two of them. Follow the
next steps to execute that procedure.

1. With DF91 already connected to rack, release the cover’s screws, and open it;
2. Release the DF91's screws indicated by labels (+) and (-);

Figure 3. 19 - DF91 detail

3. Attach the DF90’s terminals with the DF91’s screws, obeying the polarity indications;
4. Connect the DF90's shield terminal to the ground terminal next to DF91;

Figure 3. 20 - DF91 installed in the rack

5. Close the DF91 cover and tighten the screws.
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Disconnecting DF91 from rack

1. The first card of the rack that will be disconnected must be removed allowing access to this
operation;

2. Release (only the sufficient) the connector’s screws of rack power, where DF91 is connected;

3. Move the DF9L1 to left (without separate it from rail) until the DF91's connection plates are out of
rack’s edge;

4. Tighten again the rack’s screws if you will not connect them;

5. To remove the DF91, with a screwdriver, unlock it from DIN rail by pulling down the lock at its
bottom part and removing that part from the rail.

Diagnostic resources

The DF93 rack has simple resources, but valuable, for voltage diagnostic in the bus. See the
following table.

LED | Status
Off Without voltage or voltage very low
Red Insufficient voltage
Green Sufficient voltage

Figure 3. 21 - LEDs for diagnostic in the DF93 rack

3.12



Hardware

Installing the system’s base with DF1A and DF78

See below the figures and descriptions of module and rack:

Labels for the
connections

LEDs

RS-232 and Ethernet
Interfaces

Connectors

Screw for fixation
of the module to the
Rack

L. Connection
of the Rail

J. Flat Cable

I. Flat Cable
Connector

(Botom)

Figure 3. 22 - Module

E. Flat Cable
onnector (Top)

F. Module
Connector

Figure 3. 23 - Rack — DF1A

e Joining the Rack: When assembling more than one rack in the same DIN rail, use this metallic
piece to interconnect the racks. This connection generates stability to the assembly and makes
possible the digital ground connection (K).

e Jumper W1: When connected, it allows the rack to be powered by the previous rack.
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e Module support: Module holder located in the top of the rack.

o DIN Rail: base rack connection. It should be tightly fixed to the place where the rack is being
mounted.

e Flat Cable Connector (Top): When existing more than one rack in the same DIN rail, they must
be hooked up by a flat cable (J) connected to the flat cable connectors (I) and (E).

e Module Connector: Bottom connection of the module to the rack.

e Rack Address Switch: When using more than one rack in the DIN rail, the rack address switch
allows a distinct address to each rack.

e Clips: The clips, located above of the rack, allow it to be connected in the DIN rail. It should be
pushed down before inserting the rack in the DIN rail and after that pushed up to fix the pieces.

e Flat Cable Connector (Bottom): When existing more than one rack in the same DIN rail, they
must be hooked up by a flat cable (J) connected to the flat cable connectors (I) and (E).

e Flat Cable: Cable used to connect the data bus between the racks.

e Digital Ground — When using more than one rack in the same DIN rail, the connection between
digital grounds (K) must be reinforced through appropriate metallic piece.

e Connection of the Rail: Support that brings the connection between the rack and the DIN rail

(D).

Redundant
CcPU CPU

Figure 3. 24 - Rack — DF78

Installing a Rack in the DIN rail

1. In case of only one rack, this fixation can be done as the first step, even before of fixing any
module to the rack.

2. Use a screwdriver (or your fingers) to pull the clips (H) down.

3. Place the back of the rack on the top of the DIN rail edge.

4. Accommodate the rack on the DIN rail and push the clips up. You will hear a click sound when
they lock properly.

5. Set the correct address for the rack using the rotating switch at the rack.

3.14



Hardware

Adding Racks

A. In case of using more than one rack in the same DIN rail, take a look in the flat cable
connections (J) in the top connector of the first rack and in the bottom connector in the second rack,
before plugging the new module in the slot 3 of the first rack;

B. Fix one rack to the other through the joining part of the rack (A). Pass the metal connector of
one rack to the other and fix with screws;

C. Connect the digital ground (K), using one metallic connection fixed by screws.

D. Do not forget to place a terminator in the last rack. The terminator should be plugged in the flat
cable connector (top) (E);

E. Setthe address for the new rack using the rotating switch.

Tips for Assembling

If there is more than one rack in the same system:

1. Do the grip in the DIN rail at the end of the assembly.

2. Keep free the slot 3 of the rack to connect the other module through the flat cable connector.

3. Check the addresses configuration (rack address switch), as well as the jumper W1 and the
cable of the bus.

4. Remember that to give continuity to the DC power supply to the previous rack, it is necessary to
have the jumper W1 connected.

5. Make the amendment of racks and strengthens the digital ground of the hardware.

1 - Although any application using DF1A as the first rack can use DF84, the DF84 is only
necessary when the controller (TM302) executes local logic with discrete output cards.

2 - When using DF78 rack, DF84 is not necessary (DF78 does not have the P1 connector to
install DF84).

Using the Fault Indicator

Terminals 1B and 2B of the TM302 can be used as Fault Indicators. These terminals are NC
Relays. The NC Relay supports:

0.5A @ 125 VAC
0.25 A @ 250VAC
2 A @ 30VDC

Usually the TM302 forces this relay to be open, but if the Processor generates a failure condition,
the hardware will close the relay. This status can be used in redundant system where the backup
Processor checks the relay and indicates the failure condition.

Another possibility is to use these relays to activate an alarm.

Jumpers on the Board

Conector IMB

The W1 or Simulate jumper must be ON to activate the Simulate parameter (SIMULATE_D or
SIMULATE_P) of the output and input function blocks.

Do not use the W2 and W3 jumpers. These jumpers are only used in the factory during the
production of the module.
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Improving the Grounding Signal in the AuditTank (DF1A and DF78 Racks)

Although the rack 1A or DF78 of the AuditTank system is connected by flat cables that transfer the
signal and power supply, it is possible that the grounding signal is degraded in applications using
several modules. One solution to stabilize the grounding signal and give the system better electrical
noise immunity is to add an extra cable between the racks. These cables must follow the flat-cable

path to avoid grounding loops. The wires must be strengthened and the diameter must be at least
AWG18.

For adjacent racks, use the “extension connector” located on the left side of the rack. The user can
mount a system with adjacent and non-adjacent racks.

IMPORTANT
Always use the Terminator Board in the last rack.

Non-Adjacent Racks

- T T [ [ -
o2 w2 g1 [N ]
O -] ol O O ] Cl [ O ] Cl [ ] o
LT
- - Terminator

I / Board

Figure 3. 25 — Improving the grounding signal

The figure below shows the connection of the grounding signal between the racks.

Figure 3. 26 - Connection Detail of the Grounding Signal Cable
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Adjacent Racks

| _Cftel  [Wfte]  [J[fel  [iitel | [Jjfe] [ifile] [Jjile] [J[e] |
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o] [o] [=] [® [ [o] [¢] [o] |[® [e] [®] [e] [e] [e] [e] [e]
Figure 3. 27 - Connecting Adjacent Racks

To other
racks
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Installing the Modules in the Rack

Follow the steps below to install the module in the rack.

Attach the top of the module with a 45° inclination to the
module support located on the upper part of the rack.

Mounting detail.

Push the module fixing it to the connector.

Next, fix the module to the rack using a screwdriver, and
fasten the fixation screw at the bottom of the module.

)

Figure 3. 28 - Installing the module in the rack

Preventing Electrostatic Discharge

ATTENTION
Electrostatic discharges may damage semiconductor electronic components in the printed
circuit boards. They usually occur when touching components or connector pins from
modules and racks without wearing the appropriate equipment to prevent discharges.
It is recommended to take the following precautions:
- Before handling modules and racks, remove the electrostatic charge from your body by
wearing a proper wristband or touching grounded devices;
- Avoid touching electronic components or connector pins from racks and modules.
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Installing the Hardware
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Figure 3. 29 - AuditTank Typical System (front view)

A shielded twisted-pair cable connects the TM302 to the hub. The TM302 uses RJ-45 connectors.
The installation is simple and easy, and no specific tool or knowledge is required.

The LEDs of the TM302 indicate the status of the communication. It isn't necessary to shut down the
system to connect or disconnect the module. Using hubs/switches, the user can disconnect the
device, and the process control or the communication with other nodes will not be interrupted.

There are two types of connection cables: one for the TM302/HUB connection (DF54 cable) and
other for the TM302/PC direct connection (DF55 cable). Refer to the Appendix of this Manual for
further details.

The steps below describe the typical installation:

1.

ocoar®N

Connect the four modules (DF50, TM302, DF52, DF53) and the terminator (DF2) to the Rack
(DF1A or DF93);

Connect the AC to the DF50 and DF52 input;

Connect the DF52 output to the DF53 input;

Plug the Ethernet cable (twisted pair cable), connecting theTM302 to the HUB,;

Connect the Fieldbus H1 bus to the FF H1 ports of the TM302 and the DF53;

The TM302 automatically obtains the IP address from the DHCP Server, but if the server is not
available, the TM302 will have an initial fixed IP address (this initial IP address can be
configured using the FBTools application - see section Connecting the TM302 to the Subnet).

In the following figure, observe that:

Detail A shows the electrical connections described above, without the rack view (Rack DF1A)
and the terminator (DF2).

Detail B shows the DIP switches that enable the internal terminator for each Fieldbus H1
channel. In this example, there is only one Fieldbus H1 channel, and therefore the switch
corresponding to the channel 1 is ON.
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Dimensional Drawings of DF1A Rack and Modules

DIN RAIL
(Not supplied)

ol@
S8
~ S8 H
22 S 3|5
5 83
‘Hl:”g
=g @ Hl:| i
A —— _ L
‘Hl:”]ﬂ
=]
2 |-
£ L]
2§
« 2
S
glZ
L 3
o 2 [o]
00Q0DO0LOOO OOD0O0O00Q 7j ©° |-
<
% —
: ‘Hl:”g
L] =
m £ L]
— [e]ele]e]ele]eleleleRelo]o[ole]eo]e]e]o]e] — 'g ] el
oz
g3 ¢ 2
v ‘ ‘ ‘ ’ o]
| i
00Q0D000000 QOD0Q0000Q *j E
5@ H
< s o]
g2 L n
K H:
0000 0000 00000000 L —
‘Hl:| i
3|5 2
e
‘Hl:”g
o2 s —
v ‘Hl:”g
142 heel|
(5.57)
149
(5.84)
o
g
g
A
=2 2
2 z
\ ;
R —
2 ) T &
ER L T =g
z jas) 0 (=3
S
g
‘ 1)
g i I
2 5 <5 ‘
u g SR L ]
2 é Ef 0 n
o 8 pet [ r 7
2 T L1 r____]
1 — —f
. Z|E &
4 S|z 3
sl i} |3 D& 0z
S [— —
- = H
wls z
g5 — [— 155
e n ®.107
4 e i e ) i
e
FE
& e
=]
¥

Figure 3. 30 — Dimensional Drawings
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Dimensional Drawings of DF93 and Modules

The following figures show two possible combinations.
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Chapter 4

ADDING RACKS

DF1A — Rack with 4 slots

Description
A rack is basically a plastic support for the IMB circuit that carries the connectors where the modules
are plugged in. These connectors that fit the modules are called slots.

New racks can be added according to the project requirements. Up to 16 Racks are allowed. Racks
can be connected for Local I1/0 expansion using flat cables (DF3, DF4A ~ DF7A).

Remember that the distance between the first module and the last module of an AuditTank system,
expanded by flat cables cannot exceed 22.97ft (7 meters).

Each Rack has a rotating switch to select the address. The possible addresses are 0, 1, 2, 3, 4, 5, 6,
7, 8,9, A, B, C, D, E, F. Note that the “F” address is not allowed when /O is being accessed by
HCT function block or DF65 co-processor.

There are restrictions related to the module location on the rack. The restrictions are as follows:

1. The first slot of rack O is always reserved for the power supply module.

2. The second slot of rack 0 is always reserved for the controller module.

3. All additional power Supplies need to be placed in the slot 0 of the desired Rack (jumper W1 in
the rack must be cut before plugging the power supply).

4.  The first rack must have a DF84 terminator when the controller (TM302) executes local logic in
discrete output cards.

5. The last rack must have a DF2 terminator installed.

Technical Specifications

DIMENSIONS AND WEIGHT
Dimensions (W x H x D) 148.5 x 25 x 163 mm ; (5.85 x 0.98 x 6.42 in)
Weight 0.216 kg

L. Connection
of the Rail

J. Flat Cable |

I. Flat Cable
Connector
(Bottom)

Figure 4. 1 — DF1A Rack
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DF78 - Rack with 4 slots for Redundant CPUs

Description

The DF78 rack allows that two CPUs modules access the same 1/O. This possibility is used when
necessary redundancy and availability to the system. Up to 16 DF1A racks can be connected to
DF78. Racks can be connected for Local /0O expansion using flat cables (DF3, DF4A ~ DF7A).

Remember that the distance between the first module and the last module of an AuditTank system,
expanded by flat cables cannot exceed 22.97ft (7 meters).

There are restrictions related to the power supply and controllers position on the DF78 Rack. The
restrictions are as follows:

1. The first and second slots of DF78 rack are always reserved for power supply modules.
2. The third and fourth slots on DF78 rack are always reserved for controller modules.

Each Rack has a rotating switch to select the address. The possible addresses are 0, 1, 2, 3, 4, 5, 6,
7, 8,9, A, B, C, D, E, F. Note that the “F” address is not allowed when /O is being accessed by
HCT function block or DF65 co-processor.

Technical Specifications

DIMENSIONS AND WEIGHT

Dimensions (W x H x D) 148.5 x 25 x 163 mm ; (5.85 x 0.98 x 6.42 in)
Weight 0.216 kg

Redundant

Power Power

Figure 4. 2 — DF78 Rack
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DF93 - Rack with 4 slots (with diagnostic)

Description

The DF93 rack is integral part of the new power system of AuditTank. Its features provide low
voltage drop through the IMB bus, so it is more efficient. Besides, the diagnostics resources of DF93
help in the problems detection minimizing the time stop and maintenance. The diagnostic can be
obtained observing the diagnostics LEDs or through the status reading via controller.

The DF93 rack has Vcc and GND terminals at laterals (for power transmission). DF93’s finishing
avoids short circuits between the Vcc and GND connections at laterals.

As in the previous system, new racks can be added to the AuditTank system according to the
application needs. Up to 16 racks are allowed. The racks can be connected among them (expanding
the bus) using flat cables (DF101 to DF107), DF90 (IMB power cable), and DF91 (lateral adapter).

Remember that the distance between the first module and the last module of an AuditTank system,
expanded by flat cables cannot exceed 22.97ft (7 meters).

Each Rack has a rotating switch to select the address. The possible addresses are 0, 1, 2, 3, 4, 5, 6,
7, 8,9, A, B, C, D, E, F. Note that the “F” address is not allowed when /O is being accessed by
HCT function block or DF65 co-processor.

There are restrictions related to the module location on the rack. The restrictions are as follows:

1. The first slot of rack 0 is always reserved for the power supply module.

2. The second slot of rack 0 is always reserved for the controller module.

3. All additional power supplies need to be placed in the slot 0 of the desired rack (jumper W1 in
the rack must be cut and the DF90 cable from the previous racks must be disconnected before
plugging the power supply).

4.  The first rack must have a DF84 terminator when the controller (TM302) executes local logic in
discrete output cards.

5.  The last rack must have a terminator installed - DF2 (right side) or DF96 (left side). For further
details refer to Hardware section.

6. Grounding terminals must be used.

Technical Specifications

DIMENSIONS AND WEIGHT

Dimensions (W x H x D) 148.5 x 25 x 163 mm ; (5.85 x 0.98 x 6.42 in)
Weight 0.216 kg
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DF90 Cable c

Module Support

DF91 Lateral
Adapter

Ground Terminal

DIN Rail h GND Connection
Plate

Vcc Connection
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G Flat cable

Flat Cable

m Connector (Top)

Connector
Cap

Address
Switch

Module *
Connector \

. . Grounding plate
Diagnostic (housing)

Flat cable
Connector (rear)

LED

W1 Jumper

Figure 4. 3 - DF93 Rack
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DF92 - Rack with 4 slots for redundant CPUs (with diagnostic support)

Description

The DF92 is the new rack for redundant controllers in the IMB. Its function is similar to the DF78, but
DF92 is optimized to reduce voltage drop in the IMB, besides it has different pins to connect, in the
future, power supplies with more than 3A.

The DF92 rack has Vcc and GND terminals at laterals (for power transmission). DF92’s finishing
avoids short circuits between the Vcc and GND connections at laterals.

Moreover, the DF92 supports power supplies diagnostics for those that have this feature. It helps in
problems detection and giving the desired confidence in the availability offered by redundancy. The
diagnostic can be obtained observing the diagnostics LEDs or through the status reading via
controller.

The DF92 rack can be connected up to 16 DF93 racks. The racks can be connected among them
(expanding the bus) using flat cables (DF101 to DF107), DF90 (IMB power cable) and DF91 (lateral
adapter).

Remember that the distance between the first module and the last module of an AuditTank system,
expanded by flat cables cannot exceed 22.97ft (7 meters).

There are restrictions related to the module location on the rack. The restrictions are as follows:
1. The first and second slots of DF92 rack are always reserved for power supply modules.

2. The third and fourth slots on DF92 rack are always reserved for controllers’ modules.
3. Grounding terminals must be used.

Each Rack has a rotating switch to select the address. The possible addresses are 0, 1, 2, 3, 4, 5, 6,
7, 8,9, A, B, C, D, E, F. Note that the “F” address is not allowed when 1/O is being accessed by
HCT function block or DF65 co-processor.

Technical Specifications

DIMENSIONS AND WEIGHT

Dimensions (W x H x D) 148.5 x 25 x 163 mm ; (5.85 x 0.98 x 6.42 in)
Weight 0.216 kg
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L
Figure 4. 4 — DF92 Rack

For compatibility with the EMC standards, if the power supply side connector on the left side of the
rack is not connected, it should be capped with the left side protection according to the section
Hardware, Installing racks - DF92 and DF93 topic. This protection is provided along with the DF2

terminator.
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Chapter 5

Introduction

ADDING POWER SUPPLIES

There are some recommendations when adding power supply modules to the system which should
be considered.

First of all, an overview of the whole system is necessary at this time to better choose the modules
(power supply, impedance etc.). Each controller module needs at least one power supply for
backplane. The addition of I/O modules requires new calculations to the power supply.

The following table shows the available modules used as power supply, intrinsic safety barrier and
fieldbus impedances.

MODEL | DESCRIPTION
DF50 Power Supply for Backplane 90-264 Vac
DF56 Power Supply for Backplane 20-30 Vdc
DF52 Power Supply for Fieldbus 90-264 Vac
DF60 Power Supply for Fieldbus 20-30 Vdc
DF49 Power Supply Impedance for Fieldbus (2 ports)
DF53 Power Supply Impedance for Fieldbus (4 ports)
DF47-12
Intrinsic Safety Barrier for Fieldbus
DF47-17
DF87 Power Supply for Backplane 20-30 Vdc, 5 A, redundant, with diagnostic
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DF50 — Power Supply Module for Backplane (Redundant)

Description

This redundant power supply works independently or together with another redundant power supply
module to ensure a constant supply of power to the application.

When two redundant power supplies are used, if one of them fails, the backup will automatically
assume the operation. A relay is provided to indicate failure on each power supply giving the user a
chance to replace the faulty one.

This module provides two voltage outputs:

a) 5Vdc @ 3 A: distributed by Power Lines in the Inter-Module-Bus (IMB) throughout the racks to
supply the module circuits;

b) 24 Vdc @ 300 mA: for external use through the terminals 1B and 2B.

The applied AC voltage, the 5 Vdc and the 24 Vdc are all isolated between them.

Installation and Configuration
For systems based on DF92 and DF93 rack, with DF90 and DF91
Redundant mode options

e Splitting Power concept: In this situation, two modules will supply power to a bus segment. If
one of them was turned off or fails, the other power supply must be able to supply energy,
alone, to the segment.

The CH1 jumper (power supply) must be set in R position for both modules and W1 jumper
(power supply) must be opened for both modules.

e Standby concept: In this case, just one power supply provides energy to the system. If it was
turned off or fails, the backup module will assume the operation. In both modules, the jumper
CH1 (power supply) must be set in the R position and W1 jumper (power supply) must be
placed only in the backup module.

Expansion of load capacity by adding power supplies or pairs of redundant power supplies

If the system consumption is greater than 3A, it can be subdivided in up to 8 groups sized for
consumption of up to 3A each, and each group is individually powered by a power supply, or
redundant pair of power supplies. More details on the Power supplies positioning topic.

Power supplies positions in the racks
On DF92, the pair of redundant power supplies must be installed in the first and second slots.

On DF93 is recommended the placement of the redundant pair in the first and second slots, but it
can be installed in any slots if necessary.

Configuration of “W1” and “CH1” jumpers

The DF50 CH1 jumper always must be connected to the R position. The W1 jumper (power supply)
must be connected only in the DF50 modules configured as “backup”, in the standby concept, as
above mentioned in the redundant mode options.

For systems based on DF1A and DF78 racks

Non-redundant (single module): power consumption limited to 3A:

There is an addressing restriction related to the power supply location. The restriction is that the first
rack (address 0) must always contain a power supply module at the first slot.

In the power supply module the CH1 jumper must be set in E position.

Non-redundant (more than one module): power consumption bigger than 3A:

Additional modules are placed in the bus in parallel, but isolated one of the other. For systems
based on DF1A rack, the power supplies modules must always be placed at the first rack’s slot. The
jumper W1 (in the rack), where is the new power supply module, must be cut. The new power
supply module will only supply power to the rack where it is sitting on and to the consecutive ones
(never backwards).

In all power supplies modules, the CH1 jumper must be set in E position.
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Redundant mode

Splitting Power concept: In this case of redundancy, the user may have two power supplies
modules in parallel in first and third slots of rack DF1A or in the first and second slots of rack
DF78. The CH1 jumper (power supply) must be set in R position for both modules and W1
jumper (power supply) must be opened for both modules. In this situation, the two modules will
supply power to the bus.

e Standby concept: In this case, the main module must be placed in the first slot and the backup

module in the third slot of rack DF1A or in the first and second slots of rack DF78. In both
modules, the CH1 jumper (power supply) must be set in the position R and W1 jumper (power
supply) must be placed only in the backup module.
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Figure 5. 1 - AC Power Supply Module: DF50

Technical Specifications

INPUTS

DC 127 to 135 Vdc
90 to 264 VAC, 50/60 Hz (nominal),

AC 47 to 63 Hz (range)
Inrush Current <36 A @ 220 Vac [AT < 740 us]
Time until Power Fail 6 ms @ 102 Vac (120 Vac — 15%) [Full Load]
Time until Shutdown 27 ms @ 102 Vac; > 200ms @ 220 Vac
[Full Load]
Maximum consumption 72 VA
Indicator AC LINE (Green LED)
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a) Output 1 (internal use) 5.2 Vdc +/- 2%

Current 3 A Maximum

Ripple: 100 mVpp Maximum

Indicator +5 Vdc (Green LED)

Hold up Time > 40 ms @ 120 Vac [Full Load]
b) Output 2 (external use) 24 Vdc +/- 10%

Current 300 mA Maximum

Ripple 200 mVpp Maximum

Short Circuit Current 700 mA

Indicator +24Vdc (Green LED)

ISOLATION

Input signal, internal outputs and the external output are isolated among them.

Between the outputs and the ground 1000 Vrms

Between the input and output 2500 Vrms

FAILURE RELAY
Solid state relay, normally closed (NC),

Type of Output isolated
Limits 6 W, 30 Vdc Max, 200 mA Max
Maximum Initial Contact Resistance <13Q
Overload Protection Should be provided externally
Operation Time 5 ms maximum
TEMPERATURE
Operation -10 °C to 60 °C (14 °F to 140 °F)
. . 39.9x137.0 x 141.5 mm;
Dimensions (W x H x D) )
(1.57 x5.39 x 5.57 in)
Weight 0.450 kg
CABLES
One wire 14 AWG (2 mmz)
Two wires 20 AWG (0.5 mm?)

NOTES

1)

If the power consumption exceeds the power supplied, the AuditTank system may operate in
an unpredictable manner that may causes damages to the equipment or risk of personal
injury. Hence, the power consumption must be calculated correctly and install more power
supplies modules, if it is necessary.

To increase the service life of your contacts and protect the modules from potential reverse
voltage damage, connect externally a clamping diode in parallel with each inductive DC load
or connect an RC snubber circuit in parallel with each inductive AC load.

The redundancy feature is only guaranteed for racks with GLL1270 Revision 2 or greater.
For the models with their revisions less than the mentioned above, the technical support
must be consulted in order to check the compatibility.

To meet the EMC standards requirements, the wires’ length to the failure relay must be less
than 30 meters. The power supply of activated load by the failure relay must not be from
external network.
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DF56 — Power Supply for Backplane (Redundant)

Description

This redundant power supply works independently or with another redundant power supply module
to assure a constant power supply to the application. When two redundant power supply modules
are used, both split the energy that is needed to supply the system. When one power supply fails,
the other, automatically, will assume the operation. Each power supply has a relay to indicate
failures allowing the user to replace damage modules.

This module has two voltage outputs:

a) 5 Vdc @ 3A distributed by power lines in the Inter-Module-Bus (IMB) through racks to supply
module circuits;

b) 24 Vdc @ 300 mA for external use through terminals 1B and 2B.

The DC applied voltage and the 5Vdc and 24 Vdc are isolated.

Installation and Configuration
For systems based on DF92 and DF93 rack, with DF90 and DF91

Redundant mode

Splitting Power concept: In this situation, two modules will supply power to a bus segment. If one
of them was turned off or fails, the other power supply must be able to supply energy, alone, to the
segment.

Expansion of load capacity by adding power supplies or pairs of redundant power supplies

If the system consumption is greater than 3A, it can be subdivided in up to 8 groups sized for
consumption of up to 3A each, and each group is individually powered by a power supply, or
redundant pair of power supplies. More details on the Power supplies positioning topic.

Power supplies positions in the racks
On DF92, the pair of redundant power supplies must be installed in the first and second slots.

On DF93 is recommended the placement of the redundant pair in the first and second slots, but it
can be installed in any slots if necessary.

Configuration of CH1 jumper
The DF56 CH1 jumper always must be connected to the R position.

For systems based on DF1A and DF78 racks

Single Module: Less than 3 A are required.

There is an address restriction related to the location of the power supply. This restriction is the first
rack (address 0) must have a power supply module in the first slot. The CH1 jumper (power supply)
must be set in the E position.

More Than One Module: More than 3 A are required.

For systems based on DF1A rack the power supplies must be placed in the first slot of the rack.
Jumper W1 on the rack that has the new power supply must be cut. Every new power supply will
only supply energy to the rack in which it is located and, with the jumper cut off, it will not supply
energy to the previous racks. All modules must have the CH1 jumper (power supply) set in the E
position.

Redundant Mode:

In redundant mode, the power supply modules must be placed in the first and third slots of rack
DF1A or first and second slots of rack DF78. In both, the CH1 jumper (power supply) must be set in
the R position. In this condition, the power supply modules will split the power. This topology is
called “split power mode”.
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Figure 5.1 - DC Power Supply Module: DF56

Technical Specifications

INPUTS
DC 20 to 30 Vdc
Inrush Current <20.6 A@ 30 Vdc [ AT <430 us]
Maximum Consumption 42 W
Indicator DC LINE (Green LED)
OUTPUTS
a) Output1 (internal use) 5.2 Vdc +/- 2%
Current 3 A Maximum
Ripple 100 mVpp Maximum
Indicator +5 Vdc (Green LED)
Hold up Time > 47 ms @ 24 Vdc [Full Load]
b) Output 2 (external use) 24 Vdc +/- 10%
Current 300 mA Maximum
Ripple 200 mVpp Maximum
Short Circuit Current 700 mA
Indicator +24 Vdc (Green LED)
Input signal, internal outputs and the external output are isolated among them.
Between outputs and ground 500 Vrms
Between input and output 1500 Vrms

FAILURE RELAY \

Type of Output _Solid state relay, normally closed (NC),
isolated

Limits 6 W, 30 Vdc Max, 200 mA Max

Maximum Initial Contact Resistance <13 Q

Overload Protection Should be provided externally.

Operation Time 5 ms maximum
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TEMPERATURE
Operation -10 °C to 60 °C (14 °F to 140 °F)

DIMENSIONS AND WEIGHT

. . 39.9x137.0x 141.5 mm;
Dimensions (W x H x D) .
(1.57 x 5.39 x 5.57 in)
Weight 0.450 kg
CABLES
One wire 14 AWG (2 mm?)
Two wires 20 AWG (0.5 mm?)

NOTES

1. If the power consumption exceeds the power supplied, the AuditTank system may operate in
an unpredictable manner that may causes damages to the equipment or risk of personal injury.
Therefore, the power consumption must be calculated correctly and a detailed analysis should be
performed to define the installation of extra power supply modules.

2. The hardware revisions which are GLL1279 Rev1 and previous revisions do not support
redundancy feature.
3. To meet the EMC standards requirements, the wires’ length to the failure relay must be less

than 30 meters. The power supply of activated load by the failure relay must not be from external
network.
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DF87 — Power Supply for Backplane (5 A, Redundant, with diagnostic)

Description

This redundant power supply works independently or with another redundant power supply module
to assure a constant power supply to the backplane. When two redundant power supply modules
are used, both split the energy that is needed to supply the system. When one power supply fails,
the other, automatically, will assume the operation.

This module provides a 5 Vdc output voltage, isolated from the input, with capacity of 5 A.

The DF87 has advanced diagnostics, which are indicated by LEDs, and can be read by the DFI1302
controller. It also has a relay that is activated (closed) to indicate failures.

The DF87 has three ranges to signal the diagnostics. The diagnostic signal OK means the DF87 is
operating in correct range, ensuring that is far from the fault limits. If the DF87 is out of this range,
before reaching the limits that stop its operation, warning diagnostics are flagged, allowing
intervention before potential failures may occur. If the fault limits are reached, the DF87 stops the
operation, disconnecting to the bus. Thus, the failure does not affect the performance of
redundancy, the failure relay is activated (closed), and the possible causes of failures are indicated.

Installation and Configuration

Operation without Redundancy
Each DF87 powers one bus segment.

Redundant mode

Two modules will supply power to a bus segment. If one of them was turned off or fails, the other
power supply must be able to supply energy, alone, to the segment.

For systems based on DF92 and DF93 rack, with DF90 and DF91

Expansion of load capacity by adding power supplies or pairs of redundant power supplies

If the system consumption is greater than 5A, it can be subdivided in up to 8 groups sized for
consumption of up to 5A each, and each group is individually powered by a power supply, or

redundant pair of power supplies. More details on the Power supplies positioning topic.

Power supplies positions in the slots
On DF92, the pair of redundant power supplies must be installed in the first and second slots.

On DF93 is recommended the placement of the redundant pair in the first and second slots, but it
can be installed in any slots if necessary.

For systems based on DF1A

Expansion of load capacity by adding power supplies or pairs of redundant power supplies
With the DF1A is possible reach up to 3A per slot. If the system consumption is greater than 3A, it
can be subdivided in up to 8 groups sized for consumption of up to 3A each, and each group is
individually powered by a power supply, or redundant pair of power supplies. More details on the
Power supplies positioning topic.

Power supplies positions in the slots

On DF1A, the pair of redundant power supplies must be installed in the first and third slots.
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- The power supply DF87 is not compatible with the DF78 rack. Use the DF92 rack if
redundant controllers are needed together with the DF87.
- Even using the power supply DF87, the DF 1A rack only supports 3A per slot.

—
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FAIL 30VDC Max.

200mA Max.

DC LINE
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5A DC Power Supply for IMB
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Figure 5.2 - DC Power Supply Module: DF87

Technical Specifications

INPUTS

20 to 30 Vdc
bC 24 VVdc nominal
Maximum Consumption 40 W (@ 5A output)
Indicator DC LINE (Green LED)

OUTPUTS

Output (internal use) 5.2 Vdc +/- 2%
Current 5 A Maximum

(See derating curve in the figure 5.6)
Ripple 100 mVpp Maximum
Indicator +5 Vdc (Green LED)
Hold up Time >4.7ms @ 24 Vdc [Full Load]
Between outputs and ground 1500 Vdc
Between input and output 1500 Vdc
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FAILURE RELAY |

Type of Output

Solid state relay, normally closed (NC),
isolated

Limits

6 W, 30 Vdc Max, 200 mA Max

Maximum Initial Contact Resistance

<13 Q

Overload Protection

Should be provided externally.

Operation Time

12 ms maximum

TEMPERATURE

Operation

-40 °C to 60 °C (-40 °F to 140 °F)
(See derating curve in the figure 5.6)

Dimensions (W x H x D)

DIMENSIONS AND WEIGHT

39.9x137.0x 141.5 mm;
(1.57 x 5.39 x 5.57 in)

Weight 0,453 Kg

CABLES
One wire 14 AWG (2 mm?)
Two wires 20 AWG (0.5 mm2)

NOTE

To meet the EMC standards requirements, IEC 61326, the wires’ length to the failure relay must
be less than 30 meters. The power supply of the load activated by the failure relay must not be
from external network.

If the power cables of the input are greater than 3 m, install the ferrite core “FAIR-RITE V0”,
attached to the product packing. To install it, involve with the ferrite core all cables that are
connected to the 5B, 6B and 7B contacts of the front terminal block near to DF87.

Diagnostics LEDs

The power supply DF87 has the following frontal LEDs, indicating the following situations shown in

the figure below.

® VDo Power converter an

® DIAG OK Operation Ok

® FALL Fail

® [CLIME Input power on
DIAG 1 Diagnostic code
DIAG 2 Diagnostic code
DIAG 3 Diagnostic code

Figure 5.3 - DF87 frontal LEDs
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The following is a summary of situations and the status of the LEDs for warning diagnostics,
allowing intervention before potential failures may occur in the DF87 power supply.

Cut Internal
Ok Input Yoltage | Input \.\f’nltage Cutput Internal Unrecognized | Protection Prahlem
Loy High Current Temperature ) .

Acting iripple, etc)

& DIAG 0K DIAG Ok DIAG Ok DIAG OK DIAG Ok DIAG Ok DIAG Ok DIAG Ok
DIAG 1 DIAG 1 DIAG 1 DIAG 1 DIAG 1 DIAG 1 DIAG 1 DIAG 1
DIAG 2 DIAG 2 DIAG 2 DIAG 2 DIAG 2 DIAG 2 DIAG 2 DIAG 2
DIAG 3 DIAG 3 DIAG 3 DIAG 3 DIAG 3 DIAG 3 DIAG 3 DIAG 3

Figure 5.4 - Diagnostics LEDs

The FAIL LED indicates failure when is ON.

The following graph shows the behavior of the output current within the operation range of the DF87
in environments without artificial ventilation.

DF87 Derating (Natural Convection)

Output Current [A]
]

-40 0 -30

=20 10

10 20

3o 40

Ambient Temperature [°C]

a0 60

Figure 5.5 - Derating curve of the output current versus temperature, for environments without ventilation

5.11



AuditTank— User’s Manual

Calculating the Power Consumption
Since the power available in the power supply is limited, it is important to calculate the power
consumption of modules in use. The user can create a worksheet to summarize all supplied and
required current from each module and associated equipment (such as operator interface).

Example of worksheet with the module’s consumption, and some power supplies’ specification.

AuditTank Power Budget

Consumption
Description Qty. | Unit Power (mA) | Total Power (mA) | Unit Power (mA) | Total Power (mA)

TM302 |Controller 1 0 950 0 950
DF11 2*8 DI 24 Vdc 0 80 0 0
DF12 |2*8 DI 48 Vdc 0 80 0 0
DF13 |2*8 DI 60 Vdc 0 80 0 0
DF14 |2*8 DI 125 Vdc 0 80 0 0
DF15 |2*8 DI 24 Vdc (sink) 0 80 0 0
DF16 |2*4 DI 120 Vac 0 50 0 0
DF17  |2*4 DI 240 Vac 0 50 0 0
DF18 |2*8 DI 120 Vac 0 87 0 0
DF19 |2*8 DI 240 Vac 2 0 87 0 174
DF20 8 switches 0 45 0 0
DF44 |8 Al 0 320 0 0
DF57 |8 Al 0 320 0 0
DF45 8 Temperature inputs 0 55 0 0
DF21 16 DO (transistor) 65 70 0 0
DF22 |2*8 DO (transistor) 65 70 0 0
DF23 |8 DO (triac) 0 70 0 0
DF24  |2*8 DO (triac) 0 115 0 0
DF25 |2*4 DO (relay) 134 20 0 0
DF26 |2*4 DO (relay) 134 20 0 0
DF27 |24 DO (relay) 134 20 0 0
DF28 |2*8 DO (relay) 180 30 0 0
DF29 |2*4 DO (relay) 134 20 0 0
DF30 |2*4 DO (relay) 134 20 0 0
DF31 2*4 DO (relay) 134 20 0 0
DF46 |4 AO 180 20 0 0
DF32 |8 DI 24 Vdc, 4 DO (relay) 67 60 0 0
DF33 |8 DI 48 Vdc, 4 DO (relay) 67 60 0 0
DF34 |8 DI 60 Vdc, 4 DO (relay) 67 60 0 0
DF35 |8 DI 24 Vdc, 4 DO (relay) 67 60 0 0
DF36 |8 DI 48 Vdc, 4 DO (relay) 67 60 0 0
DF37 |8 DI 60 Vdc, 4 DO (relay) 67 60 0 0
DF38 |8 DI 24 Vdc, 4 DO (relay) 67 60 0 0
DF39 |8 DI 48 Vdc, 4 DO (relay) 67 60 0 0
DF40 |8 DI 60 Vdc, 4 DO (relay) 67 60 0 0
DF49 2 Fieldbus Power Impedance 750 0 0
DF53 |4 Fieldbus Power 1 1500 0 1500 0

Impedance

TOTAL 4 1500 1074
DF50 1 300 3000 300 3000
DF52 1 1500 0 1500 0

TOTAL 6 1800 3000
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Power supplies positioning
For systems based on DF92 and DF93 racks with DF90 and DF91

A power supply connected to a rack, in a system, provides current to the racks row that are
horizontally interconnected to it by their terminals of lateral connections, and vertically through DF90
cables, thus forming a group of rows of racks that use the same power supply.

The system can have only one power supply (or pair of redundant power supplies) or it can be
subdivided in several of these groups’, each one powered by a power supply (or pair of redundant
power supplies).

The recommended way to distribute the power is to divide the system in groups of horizontal rows of
racks. In this scheme, each power supply must be positioned on the top left of the group of rows of
racks that it powers. The rack where is the power supply must be the W1 jumper cut and the DF90
cable must not be connected to the rows powered by other power supplies (top rows). See in the
following figure an example of system powered by two power supplies, each one powers a part of
rows represented in green and blue.

DF92 DF93 DF93 DF93

POWER SUPPLY A

DF90 ¢ DF102

DF101

POWER SUPPLY B

DF101 and DF90

Figure 5.6 - System powered by two power supplies

Note that this system, for greater efficiency, is optimized for power distribution by groups of rows of
racks. Thus, a power supply powers a whole number of rows it supports. However, in rare cases,
with long rows or many modules with great consumption in the same row, there is the option to add
power supplies in the middle of the row, dividing the power within this row. In this case, the power
supply added powers only the modules positioned on the right in the same row, up to the end, or
even where there is another power supply added. In the rack where the power supply was added, in
this scheme, the W1 jumper must be cut and left lateral connection terminal (+5 Vdc) must be
disconnected (collapsed).

In this system, DF50 and DF56 must be their CH1 jumper always configured in R, even if they are

' Maximum 8 groups allowed when the DF50, DF56 or DF87 power supplies are used.
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not in redundant pairs.

A A mixture of these power supplies with the CH1 configured in R and in E in any
AuditTank system, is not allowed!

On DF92, the pair of redundant power supplies must be installed in the first and second slots.

On DF93 is recommended the placement of the redundant pair in the first and second slots, but it
can be installed in any slots if necessary.

The system has diagnostic for voltage level distributed to racks. It also supports modules with great
power consumption in any place on the bus. Nevertheless, is recommended to place those modules
close to the power supplies, to avoid unnecessary power transmission.

For systems based on DF78 and DF1A Racks

1. Observe the maximum current values from the power supply module specification. The limit for
DF50 is 3 A, and for DF87 is 5 A.

2. After the connection with long cables (DF4A, DF5A, DF6A and/or DF7A) you have to put another
power supply module in the first slot of the first rack.

3. Use up to 6 modules DF44/DF57 per power supply; always place consecutively the DF44/DF57
and close to the power supply. Because of the high current consumption of the modules
DF44/DF57, a not desired voltage drop in the bus can occur if these modules are placed after other
modules.

4. When is necessary to add interface modules, such as HI302, MB700, DF58, in the same bus
which is used by output and input modules, is recommended that these modules are placed close to
the power supply, because in the same way as described in the previous item, a not desired voltage
drop in the bus can occur if these modules are placed after other modules.

5. Adding a new power supply module
e Determine the rack where the new power supply will be installed.
e Cut the jumper W1 of the rack.
¢ Plug the new power supply at the first slot of the rack (slot 0).
¢ In this case, the CH1 jumper of all modules DF50 must be set in E position.

A - The power supply DF87 is not compatible with the DF78 rack. Use the DF92 rack if
redundant controllers are needed together with the DF87.
- Even using the power supply DF87, the DF1A rack only supports 3A per slot.
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DF52 / DF60 — Power Supply for Fieldbus

Description

These modules were specially designed to supply the Fieldbus networks. The only difference
between them is the input voltage:

DF52 (90 ~ 264 Vac)
DF60 (20 ~ 30 Vdc)

The DF52 power supply is a non-intrinsically safe equipment with an universal AC input (90 to 264
Vac, 47 to 63 Hz or 127 to 135 Vdc), and a 24 Vdc output, isolated, with short circuit and
overcurrent protection, ripple and fault indication, proper to supply fieldbus elements.

The DF60 power supply unit is non-intrinsically safe equipment with a DC input (20 to 30 Vdc) and a
24 Vdc output, isolated, with short circuit and overcurrent protection, ripple and fault indication,
proper to supply fieldbus elements.

The interconnection of Fieldbus elements to the DF52/DF60 is indicated in figure bellow. There is no
overshoot when it is switched on or off. The DF52/DF60 can power up to 4 fully loaded fieldbus
networks.

The length of the cables that interconnect the DF52/DF60 to the DF49/DF53 modules must not
exceed 3 meters.

If any abnormal condition occurs in the output, such as overloading or short circuit, the DF52/DF60
internal switches are automatically switched off to protect its circuit. When the outputs return to
normal operation conditions, the circuit is automatically switched on.
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Figure 5.7- System powered by DF52

The DF52/DF60 modules allow redundancy without any component connected to their outputs.
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AC Power Supply for Fieldbus
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OUTPUT
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Figure 5.8 - Power Supply Module for Fieldbus: DF52/DF60

Technical Specifications

INPUTS DF52
DC 127 to 135 Vdc
AC 90 to 264 Vac, 50/60 Hz (nominal),
47 to 63 Hz (range)
Maximum Inrush Current <30 A @ 220 Vac [AT < 640 us]
Maximum Consumption 93 VA
Indicator AC LINE (Green LED)
INPUTS DF60
DC 20 to 30 Vdc
Maximum Inrush Current <24 A @ 30 Vdc [AT <400 us]
Maximum Consumption 34 W
Indicator DC LINE (Green LED)
OUTPUTS
Output 24 Vdc £ 1%
Current DF52 DF60
1.5 A Maximum 850 mA Maximum
Ripple 20 mVpp Maximum
. +24 Vdc (Green LED)
Indicators FAIL (Red LED)
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ISOLATION

Input signa'l, internal outputs and the external DF52 DE60
output are isolated among them

Among outputs and ground 1000 Vrms 500 Vrms
Between input and output 2500 Vrms 1500 Vrms

Type of Output

Solid state relay, normally closed (NC),
isolated

FAILURE RELAY

Limits

6 W, 30 Vdc Max, 200 mA Max

Maximum Initial Contact Resistance

<13Q

Overload Protection

Should be provided externally

Operation Time

5 ms maximum

DIMENSIONS

Dimensions (W x H x D)

AND WEIGHT

39.9x137.0x 141.5mm;
(1.57 x 5.39 x 5.57 in)

Weight

0.450 kg

Operation

TEMPERATURE

-10 °C to 60 °C (14 °F to 140 °F)

Storage

-30°Cto 70 °C

To meet the EMC standards requirements, the wires’ length to the failure relay must be less than
30 meters. The power supply of activated load by the failure relay must not be from external
network.
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DF49 / DF53 — Power Supply Impedance for Fieldbus

Description

These modules were specially designed to provide appropriate impedance for fieldbus networks.
The only difference between them is the number of fieldbus ports supported:

DF49 (2 ports) — PSI302P-2
DF53 (4 ports) — PSI302P-4
DF53-FC (4 ports)

The purpose of this impedance is to implement an output circuit where the impedance is greater
than 3 KQ, and when assembling in parallel with two 100 Q +2% terminators, it results in a 50 Q line
impedance approximately. This impedance can be implemented in a passive mode (50 Q resistance
in series with a 100 mH inductance) or in an active mode, through an impedance control circuit.

The fieldbus power supply impedance is a non-isolated, active impedance control device, in
compliance with IEC 61158-2 standard. This device provides output impedance which, in parallel
with the two bus terminators (a 100 Q resistor in series with a 1 uF capacitor) required by the
standard, results in a pure resistive line impedance for a broad frequency range. The DF49/DF53
cannot be used in intrinsic safety areas.

The figure shows the device block diagram. The DF49/DF53 can be used in redundancy, connecting
its output (+ and -) in parallel. In this case, use an external bus terminator (BT302) to allow
maintenances or replacing the DF49/DF53 in case of failure without interrupting the fieldbus
communication.

PS

24VDC

DF49/DF53

PS

24VDC

==l

DF49/DF53 BT302 . BT302

o e e
Figure 5.9 — System using the impedance DF49/DF53

The DF49/DF53 modules have LEDs to indicate power supply and overcurrent. The input terminal

block has two terminals (1A and 2A) that are connected to the external 24 Vdc. The power supply

indication LED is green and it is energized while there is an external 24 VVdc power supply.

The overcurrent indication LED is red and it is energized only in case of an overcurrent caused by a
short circuit in the plant or by an excessive number of devices connected. The following figure
shows a DF49/DF53 layout.

@'" + HEGUND ANGE n“T
PROTECTION CONTROL SUTPUT Lo ‘"“'—
TERMINATOR BT

5
IM - QUT -
Figure 5.10 — System using the impedance DF49/DF53

INFUT IMPEFANCE FROTECTION
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DF49 (PSI302P-2): Four terminals (3A to 6A) implementing two independent Fieldbus ports, two
DIP switches for activating the bus termination, one green LED for power status, and two red LEDs
indicating overcurrent.

DF53 (PSI302P-4): Eight terminals (3A to 10A) implementing four independent Fieldbus ports, four
DIP switches for activating the bus termination, one green LED for power status, and four red LEDs
indicating overcurrent.

DF53-FC (PSI302P-4): It has the same characteristics of DF53 and meets the requirements for
hardware tests of OIML R117-1 (Flow Measurement System of Liquids).
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DF49 - Power Supply Impedance for Fieldbus (2 ports)
DF53 - Power Supply Impedance for Fieldbus (4 ports)

FUSE FUSE
2.5A 254

DEI302> FPower Supply Impedance for Fieldbus (4 ports)

smar smar

Figure 5.11 — Impedance for Fieldbus Modules: DF49/DF53

Technical Specifications

DC 24 to 32 Vdc +/- 10%

Current 340 mA per channel
Attenuation 10 dB in the input power ripple @60 Hz

DIMENSIONS AND WEIGHT

. . 39.9 x 137.0 x 141.5 mm;
Dimensions (W x H x D) .
(1.57 x 5.39 x 5.57 in)
Weight (without package) DF49=220g
DF53 =260 g
TEMPERATURE
Operation 0°Cto60°C
Storage -30°Cto 70 °C
Output Overcurrent 450 mA
Input Fuse 25A
Atmospheric Discharges Input and output protected by transient
suppressors
Intrinsic Safety It cannot be applied directly
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MAXIMUM LENGTH OF FIELDBUS WIRING ‘

DF49/DF53 No redundancy 1.900 m
Redundant 1.900 m
DF53-FC No redundancy 1.900 m
Redundant 1.000 m

Installation

The DF49/53 is a device specially designed for panel installation and it cannot be installed in
unsheltered locations, as it cannot be exposed directly to the weather. The module can be
connected to the panel directly on the DIN rail or using the auxiliary support provided with the
module, fixed with screws. Refer to the “Hardware” section for further details about installation and
dimensional drawings of the module.

Maintenance and troubleshooting

The DF49/53 is a robust device which basically requires no preventive maintenance. It is simply
recommended to protect it from excessive dust accumulation and humid environments which might
affect its output impedance.

The two models have LEDs which inform their operation status — one green LED which informs that
the module is properly powered, and one red LED for each channel, that will be lit if any abnormal
condition occurs in the field wiring.

These LEDs detect most of the problems which may occur in a Fieldbus installation. However, they

might not detect other problems, such as:

. Excessive noise caused by the external power supply;

. Impedance lower than 20Q in the communication line (note that such impedance may not be
pure resistive and, therefore not detectable by the overcurrent circuit).

Such abnormal conditions may be easily detected by measurement instruments.

Because the DF49/53 is a simple and compact device, it is recommended to replace faulty modules
instead of electronic components during repair services.
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DF47-12 and DF47-17 — Intrinsic Safety Barrier for Fieldbus

Description

The Intrinsically Safe (I.S.) technology incorporated in the DF47-12 and DF47-17 totally isolates the
control network on the hazardous side of the barrier. The |.S. values of the power supply are
designed for fieldbus devices, which are in compliance with the FISCO model.

The incorporation of a fieldbus repeater in compliance with IEC 61158-2 (31.25 kbits/s) essentially
filters and boosts the incoming communication signal transmitting it to hazardous environment. The
networks of the hazardous and safe sides of the DF47-12 and DF47-17 are completely independent
from one another.

In addition the bus termination for the hazardous network is incorporated into the DF47-12 and
DF47-17, which means that only a single far terminator is required.

NOTES

1. If the terminator of the DF53 module is not being used, it is necessary to install another
external terminator in the safe area.

2. The model DF47 was discontinued due to the new FISCO requirements. The replacement by
DF47-12 or DF47-17 models should be evaluated according to the current limits. The model
DF47-17 supports up to 7 Smar devices of the 302 series. If the replacement is using the
DF47-12 model, it supports up to 5 Smar devices of the 302 series.

e H1 Isolated Barrier and IS Power Supply in compliance with the FISCO Model.

¢ H1 Fieldbus Signal Repeater.

In compliance with the IEC 61158-2, 31.25 kbits/s standard for fieldbus. (FOUNDATION fieldbus
and PROFIBUS PA).

e |EC, FM & CENELEC Intrinsic Safety standards certified.

¢ In compliance with IEC 60079-27, FISCO and FNICO Power Supply.
¢ Dual Marking in compliance with IEC 60079-11 and IEC 60079-27.

e Bus terminator on hazardous area.

Installation

The selection and installation of the barrier should always be accomplished by competent technical
personnel. Please contact Smar or our local representative if further information is required.
According to the standards for hazardous areas the barrier DF47-12 or DF47-17 must be installed
out of hazardous area. The input parameters for installation in hazardous area are in the Certificates
for Hazardous Areas topic.

The barrier has to be installed on DF1A, DF93 or DF9 and fixed in a DIN rail. For further details see
the Hardware section.

Installation Principles

1. Ensure that there is an appropriate separation of intrinsically safe and non-intrinsically safe
circuits (more than 50 mm or 1.97 inches), so the ignition energy from non-intrinsically safe circuit
does not intrude into the intrinsically safe circuit.

2. Ensure that the limiting parameters of system design, for example total inductance and
capacitance, upon which system approval is based are not exceeded.

3. Ensure that power system faults and ground potential differences do not generate system ignition.

Location

The barrier is normally installed in a dust-free and moisture-free enclosure located in the non-
hazardous area. The enclosure should be as close as possible to the hazardous area to reduce
cable runs and increased capacitance. If the barrier is installed in a hazardous area, it must be in a
proper enclosure suited for the intended area. The only intrinsically safe terminals are at the barrier
output.
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Wiring

Intrinsically safe circuits may be wired in the same manner as conventional circuits installed for
hazardous areas with two exceptions summarized as separation and identification. The intrinsically
safe conductors must be separated from all other cables by placing them in separate conduits or by
a separation of more than 50 mm or 1.97 inches of air. The cables, cable trays, open wiring, and
terminal boxes must be labeled “Intrinsically Safe Wiring” to prevent interference with other circuits.

Hazardous Area

I

Safe Area

T
DFI302 !
u

PR IR g oy

DF47-12
ar

I
I
I
DF477 |

Figure 5.12 — DF47 installation

+ - Intrinsically Safe Fieldbus H1 Network (Hazardous Side)

ki

@@” =/

DF47-12 or
DF47-17 .
|.S. Barrier _
c DFI302 Fieldbus H1 Network (Safe Side)

E N~ ||

O v |
EHE i 24Vdc g

& DF52 / DF60

Figure 5.13 — DF47 installation
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Technical Specifications

Power Supply Input

Voltage: 24Vdc + 5%

Current (max.): 350mA @ 24Vdc

HAZARDOUS AREA

Power Supply Output

Maximum voltage available at the barrier terminals: Us = 13.8 Vdc

Maximum Current in typical operation (considering Us = 13.8 Vdc)
DF47-12: Is = 65 mA
DF47-17: 1s =90 mA

Current limiting resistor (typical)
DF47-12: Ri>247.5Q
DF47-17: Ri>176.22 Q

Maximum output power
DF47-12: Po=12W
DF47-17: Po=1.72W

Safety Parameters
(Hazardous Area)

Refer to the item “Hazardous locations approvals”

Internal Dissipation

3W maximum at 24Vdc input, nominal conditions (for non-
intrinsically safe circuits)

Cable Length, Number of Devices

Maximum cables lengths are determined by IS requirements, and
depend on both the number of devices attached and the maximum
acceptable voltage drop along the cable. Use FISCO cable.

Digital Signal Transmission

Compatible with 31.25 kbps — Fieldbus systems.

In order to guarantee the product safe, the internal fuse change

Fuse must be executed only by the manufacturer.
Terminals Accommodate conductors up to 2.5 mm? (22AWG).

2500V galvanic isolation among input, output, and power supply
Isolation terminals. Tested at 1500 Vrms minimum between hazardous and

safe area terminals.

Ambient Temperature

ENVIRONMENTAL CONDITIONS

0 to +60 °C (operation)

-30 °C to 70 °C (storage)

Humidity

5% to 95% relative humidity

consumption of segment.

IMPORTANT

By using active junction boxes you must consider their current consumption to calculate the total
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Certification Information

Approved Manufacturing Locations
Smar Equipamentos Industriais Ltda — Sertdozinho, Sao Paulo, Brazil
Smar Research Corporation — Ronkonkoma, New York, USA

European Directive Information
This product complies with following European Directives:

EMC Directive (2004/108/EC) - Electromagnetic Compatibility
The equipment is in compliance with the directive and EMC test was performed according to IEC
standards: IEC61326-1:2005 and IEC61326-2-3:2006. See table 2 from IEC61326-1:2005.
To comply with the EMC directive the installation must follow these special conditions:
e Use shielded, twisted-pair cable for powering the instrument and signal wiring.
o Keep the shield insulated at the instrument side, connecting the other one to the ground.

ATEX Directive (94/9/EC) - Electrical equipment and protective system intended for use in
potential explosive atmospheres

The EC-Type Examination Certificate had been released by Nemko AS (CE0470) and/or DEKRA
EXAM GmbH (CE0158), according to European Standards.

The certification body for Production Quality Assurance Notification (QAN) and IECEx Quality
Assessment Report (QAR) is Nemko AS (CE0470).

Consult www.smar.com for the EC declarations of conformity for all applicable European directives
and certificates.

Hazardous locations general information

Ex Standards:

IEC 60079-0 General Requirements

IEC 60079-11 Intrinsic Safety “i”

IEC 60079-27 Fieldbus intrinsically safe concept (FISCO)

Customer responsibility:

IEC 60079-10 Classification of Hazardous Areas

IEC 60079-14 Electrical installation design, selection and erection
IEC 60079-17 Electrical Installations, Inspections and Maintenance

Installation of this instrument in an explosive environment must be in compliance with the
national standards and according to the local environmental protection method. Before
proceeding with the installation match the certificate parameters from the barrier, cable
and device according to the environmental classification.

i Explosions can result in death or serious injury, besides financial damage.

General Notes

Maintenance and Repair

The instrument modification or replaced parts supplied by any other supplier than authorized
representative of Smar Equipamentos Industriais Ltda is prohibited and will void the Certification.

Marking Label
Once a device labeled with multiple approval types is installed, do not reinstall it using any other
approval types. Scratch off or mark unused approval types on the approval label.

For Ex-i protection application

e  Connect the instrument to a proper intrinsically safe barrier.

e Check the intrinsically safe parameters involving the barrier, equipment including the cable
and connections.

e Associated apparatus ground bus shall be insulated from panels and mounting enclosures.

e When using shielded cable, isolate the not grounded cable end.

e Cable capacitance and inductance plus Ci and Li must be smaller than Co and Lo of the
Associated Apparatus.
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For FISCO System requirements (IEC 60079-27:2008)
FISCO Power Supplies

General

The power supply shall be resistive limited or have trapezoidal output characteristic. The maximum
output voltage, Uo, shall be not greater than 17.5V nor less than 14V under the conditions specified
in IEC60079-11 for the respective level of protection.

The maximum unprotected internal capacitance Ci and inductance Li shall be not greater than 5nF
and 10uH, respectively.

The output of the power supply may be connected to earth.

No specification of the internal capacitance Ci and Li or the maximum external parameters Lo and
Co is required on the certificate or label.

The determination of power supply output parameters shall into account the possible opening,
shorting and grounding of field wiring connected to the field terminals of the apparatus.
Additional requirements of “ia” and “ib” FISCO power supplies

The maximum output current lo for any “ia” or “ib” FISCO power supply shall be determined in
accordance with IEC60079-11 but shall not exceed 380 mA.

Table 1 — Assessment of maximum output current for use with “ia” and “ib” FISCO power supplies

Permissible current , for IIC Permissible current , for IIB
(includes 1.5 safety factor) (includes 1.5 safety factor)
14V 183 mA 380 mA
15V 133 mA 354 mA
16V 103 mA 288 mA
17V 81 mA 240 mA
17,5V 75 mA 213 mA
Note: The two largest current values for 11B are derived from 5.32W.

Additional requirements of “ic” FISCO power supplies

The maximum output current lo for an “ic” FISCO power supply shall be determined in accordance
with IEC60079-11.

Table 2 - Assessment of maximum output current for use with “ic” FISCO power supplies

Permissible current , for [IC Permissible current , for 1B
(includes 1.5 safety factor) (includes 1.5 safety factor)
14V 274 mA 570 mA
15V 199 mA 531 mA
16V 154 mA 432 mA
17V 121 mA 360 mA
17,5V 112 mA 319 mA
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GENERAL NOTES

e The intrinsically safe conductors must be of blue colored, based in the IEC standards.

e |f one component of the intrinsically safe system is not FISCO comply, it is necessary to
match all safety parameters among cable, device and barrier.

e Designated for connection to a Fieldbus system in compliance FISCO Model with parameters
as follows:

- Intrinsically safe apparatus interconnected to the power supply circuit (Fieldbus) shall be
passive current sink (not supplying) and effective internal inductance/capacitance shall
be within the following maximum values:

Li<10 uH
Ci<5nF

- With regard to cable-length parameters of Fieldbus interconnection-cable shall be within
the following ranges:

Resistance per unit length 15 Q/km £ R’ < 150 Q/km
Inductance per unit length 0.4 mH/km < L’ < 1mH/km
Capacitance per unit length (including shield) 80 nF/km < C’ < 200 nF/km

Where:

C’=C’ wire/wire + 0.5 x C’ wire/shield when Fieldbus-circuit insulated.

C’=C’ wire/wire + C’ wire/shield when shield is connected to the output of the
Fieldbus power supply.

Maximum length of each spur cable: 60m in IIC/IIB.

- A Fieldbus-data-signal terminator, providing a capacitance less than or equal to 1.1 uF
connected in series with a resistor greater than or equal to 100 Q, is integrated in the
Barrier DF47-12 and DF47-17; similar terminator may be connected to the other end of
the Fieldbus circuit.

- When meeting the parameter mentioned above, maximum permissible Fieldbus-cable
length including length of all spur cables for Group IIC is 1000 m.

- When meeting the parameter mentioned above, maximum permissible Fieldbus-cable
length including length of all spur cables for Group 1IB and Group | is 5000 m.

*Ci: Input’s capacitance, Li : Input’s inductance, Co : Output’s capacitance, Lo : Output’s inductance
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Hazardous Locations Approvals

FM Approvals (Factory Mutual)

DF47-12 FISCO Power Supply

Associated Intrinsic Safety (FM 3017363)
AIS Class I, Division 1, Groups A, B, C and D
AIS Class Il, Division 1, Groups E, F and G
AIS Class lll, Division 1

AIS Class |, Zone 0 [AEx ia], Group IIC

Special conditions for safe use:

Entity FISCO Trapezoidal Characteristic:

Terminals 1 and 2 Groups A/B IIC:

Voc (Uo)= 15.0 V, Isc (lo)= 140 mA, lknee (Is)= 82 mA, Po=1.2 W, Ca (Co)= 0.23 pF, La (Lo)= 0.15 mH
Terminals 1 and 2 Groups C IIB

Voc (Uo)=15.0V, Isc (lo)= 140 mA, lknee (Is)= 82 mA, Po=1.2 W, Ca (Co)= 0.75 uF, La (Lo)= 0.5 mH
Integral Terminator: R=100Q,C=1.0puF,Ci=0,Li=0

Note: The Fieldbus Isolated Barrier shall be installed in compliance with the enclosure, mounting, spacing
and segregation requirements of the ultimate application, including a tool removable cover.

Ambient Temperature: -20°C < Ta < + 60°C

DF47-17 FISCO Power Supply

Associated Intrinsic Safety (FM 3017363)
AIS Class I, Division 1, Groups A, B, Cand D
AIS Class Il, Division 1, Groups E, F and G
AIS Class lll, Division 1

AIS Class |, Zone 0 [AEXx ia], Group IIC

Special conditions for safe use:

Entity FISCO Trapezoidal Characteristic:

Terminals 1 and 2 Groups A/B IIC:

Voc (Uo)= 15.0 V, Isc (lo)= 197 mA, lknee (Is)= 115 mA, Po=1.72 W, Ca (Co)= 0.21 pF, La (Lo)=0.15 mH
Terminals 1 and 2 Groups C IIB

Voc (Uo)= 15.0 V, Isc (lo)= 197 mA, lknee (Is)= 115 mA, Po=1.72 W, Ca (Co)= 0.7 pF, La (Lo)= 0.5 mH
Integral Terminator: R=100Q, C=1.0yF,Ci=0,Li=0

Note: The Fieldbus Isolated Barrier shall be installed in compliance with the enclosure, mounting, spacing
and segregation requirements of the ultimate application, including a tool removable cover.

Ambient Temperature: -20°C < Ta < + 60°C

EXAM (BBG Priif - und Zertifizier GmbH)

Non Intrinsically safe circuits Parameters:
Power Supply Un =24 Vdc, Um = 250 Vac, Pn =3 W
Fieldbus signal circuits Um = 250 Vac

DF47-12 FISCO Power Supply

Associated Intrinsic Safety (BVS 03ATEX E 411X)

Group Il, Category (1) G, [Ex ia, EPL Ga], Groups IIB/ lIC FISCO Power Supply
Group |, Category (M2) [Ex ia, EPL Mb], Group |

Intrinsically safe fieldbus supply and signal circuit (FISCO-Model):

Safety parameters:

Uo = 15.0 Vdc, lo = 140.12 mA, Is = 80 mA, Po = 1200 mW, Ri > 247.5 Q,
Characteristics trapezoidal

Special conditions for safe use

The Fieldbus-Isolated Barrier type DF47 -** shall be installed outside the hazardous area.

Wiring in the terminal box must satisfy the conditions of clause 6.3.11 and clause 7.6.e of EN60079-
11:2007

Terminals or connectors for the intrinsically safe fieldbus supply and signal circuit circuits shall be arranged
according to clause 6.21 or 6.2.2 of EN 60079-11:2007 respectively.
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Local installation rules to determine Lo and Co are replaced by apparatus- and cable-parameters in clause
15.3.2.

For Group | application interconnection of fieldbus-apparatus to an intrinsically safe electrical system shall
be assessed in a System Certificate, if required in local installation rules.

Ambient Temperature: -20°C < Ta < + 60°C

The Essential Health and Safety Requirements are assured by compliance with:
EN 60079-0:2009 General Requirements
EN 60079-11:2007 Intrinsic Safety “i”
EN 60079-26:2007 Equipment with equipment protection level (EPL) Ga
EN 60079-27:2008 Fieldbus intrinsically safe concept (FISCO)

DF47-17 FISCO Power Supply

Associated Intrinsic Safety (BVS 03ATEX E 411X)

Group Il, Category (1) G, [Ex ia, EPL Ga], Groups IIB/ IIC FISCO Power Supply
Group |, Category (M2) [Ex ia, EPL Mb] Group |

Intrinsically safe fieldbus supply and signal circuit (FISCO-Model):

Safety parameters:

Uo =15.0 Vdc, lo = 197 mA, Is = 115 mA, Po = 1720 mW, Ri > 176.22 Q,
Characteristics trapezoidal

Special conditions for safe use

The Fieldbus-Isolated Barrier type DF47 -** shall be installed outside the hazardous area.

Wiring in the terminal box must satisfy the conditions of clause 6.3.11 and clause 7.6.e of EN60079-
11:2007

Terminals or connectors for the intrinsically safe fieldbus supply and signal circuit circuits shall be arranged
according to clause 6.21 or 6.2.2 of EN 60079-11:2007 respectively.

Local installation rules to determine Lo and Co are replaced by apparatus- and cable-parameters in clause
15.3.2.

For Group | application interconnection of fieldbus-apparatus to an intrinsically safe electrical system shall
be assessed in a System Certificate, if required in local installation rules.

Ambient Temperature: -20°C < Ta < + 60°C

The Essential Health and Safety Requirements are assured by compliance with:
EN 60079-0:2009 General Requirements
EN 60079-11:2007 Intrinsic Safety “i”
EN 60079-26:2007 Equipment with equipment protection level (EPL) Ga
EN 60079-27:2008 Fieldbus intrinsically safe concept (FISCO)

CEPEL (Centro de Pesquisa de Energia Elétrica)

Non Intrinsically safe circuits parameters:
Power Supply Un =24 Vdc, Pn =3 W

DF47-12 FISCO Power Supply
Associated Intrinsic Safety (CEPEL 06.1095 X)
[Ex ia, EPL Ga], Group IIB

Nominal values of the terminals Intrinsically safe (FISCO-Model):
Un=14.0V, In=75mA, Pn=1200 mW

Safety parameters:
Um =250V, Uo =15V, lo=140.12 mA, Is = 80 mA, Po = 1200 mW, Ri 2247.5 Q

Ambient Temperature: -20 to 60 °C

Special conditions for safe use
The certificate number with “X” indicates that:
a) The equipment was projected to connect with a fieldbus system according to FISCO model, as
IEC60079-27:2008. The Fieldbus intrinsic safety device connected to the fieldbus terminator must be
current passive consumer (not generator) and must display Ci <5 nF and Li < 10 pH;
b) Wiring in the terminal box must satisfy the conditions:

Resistance: 15 Q/km < Rc < 1500/km

Capacitance (including loop): 45 nF/km < Cc < 200 nF/km

Inductance: 0,4 mH/km < Lc £ 1TmH/km
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c) The maximum length allowed for Fieldbus cables is 1000 m for Group |IC and 5000m for Group
1IB

The Essential Health and Safety Requirements are assured by compliance with:
ABNT NBR IEC 60079-0:2008 General Requirements

ABNT NBR IEC 60079-11:2009 Intrinsic Safety

ABNT NBR IEC 60079-26:2008 Equipment with equipment protection level (EPL) Ga
IEC 60079-27:2008 Fieldbus intrinsically safe concept (FISCO)

DF47-17 FISCO Power Supply
Associated Intrinsic Safety (CEPEL 06.1095 X)
[Ex ia, EPL Ga], Group IIB

Nominal values of the terminals Intrinsically safe (FISCO-Model):
Un=14.0V,In=110 mA, Pn = 1700 mW

Safety parameters:
Um =250V, Uo =15V, lo =197 mA, Is = 115 mA, Po = 1720 mW, Ri = 176,22 Q

Ambient Temperature: -20 to 60 °C

Special conditions for safe use
The certificate number with “X” indicates that:

a) The equipment was projected to connect with a Fieldbus System according to FISCO model, as
IEC60079-27:2008. The Fieldbus intrinsic safety device connected to the Fieldbus terminator must
be current passive consumer (not generator) and must display Ci < 5 nF and Li < 10 pH;

b) Wiring in the terminal box must satisfy the conditions:

Resistance: 15 Q/km < Rc < 1500/km
Capacitance (including loop): 45 nF/km < Cc < 200 nF/km
Inductance: 0,4 mH/km < Lc £ 1TmH/km

c) The maximum length allowed for Fieldbus cables is 1000 m for Group IIC and 5000m for Group

1B

The Essential Health and Safety Requirements are assured by compliance with:
ABNT NBR IEC 60079-0:2008 General Requirements

ABNT NBR IEC 60079-11:2009 Intrinsic Safety “i”

ABNT NBR IEC 60079-26:2008 Equipment with equipment protection level (EPL) Ga
IEC 60079-27:2008 Fieldbus intrinsically safe concept (FISCO)
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Identification labels and control drawings

DF47-12 — Intrinsic Safety Barrier for Fieldbus

Labels

DF47-12 INTRINSIC SAFETY BARRIER FOR FIELDBUS
Safety Parameters:

Intrinsically Safe Connections for,
CL I, DIV1, GP ABCDEFG and CL I, ZONE 0, GP IIC [AEx ia] lIC
APPROVED “See Instalation drawing 102A0948 for FM FISCO parameters”

@ BVS 03 ATEX E 411 X

Il (1)G [Ex ia Ga] IIB/ IIC FISCO Power Suppl
| (M) [Ex 2 Moy | oy C € 0az0

Non Intrinsically Safe Fieldbus signal circuits.
Voltage Um AC 250V - Max. Tamb. 60 °C

Intrinsically Safe Fieldbus supply - and signal circuit (FISCQ).

Voltage (Uo)Voc DC 15.0V
Short circuit current (lo) Isc 140 mA
Supply current at 15V (Is) lknee 82 mA
Power Po 12W
Current limiting resistor Ri = 247.5 ohm
Characteristcs trapezoidal
$ smar -

DF47-12 Barreira de Seguranga Intrinseca Fieldbus
FISCO Power Supply
[Exia Ga] IB CEPEL 06.1095 X
U= 250Vca Tamb: -20°C a 60°C

Valores Nominais [Ex ia Ga]llB CEPEL 06.1095 X

@ Up= 14Vee U,= 15V

1= 75mA 1 ,= 140,12mA
pem—— PN= 1200mwW Pc,: 1200mW
~ a .= 80mA
[ﬁ R >247,5Q

Tamb: -20°C a 60°C

Circuito ndo Intrinsicamente Seguro
U= 250Vca Uy=24Vece Py=3W c €

2 smar-~-
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DF47-17 — Intrinsic Safety Barrier for Fieldbus

Labels

DF47-17 INTRINSIC SAFETY BARRIER FOR FIELDBUS
Safety Parameters:

Intrinsically Safe Connections for,
CL |, DIV1, GP ABCDEFG and CL I, ZONE 0, GP IIC [AEx ia] lIC
APPROVED “See Instalation drawing 102A0949 for FM FISCO parameters”

@ BVS 03 ATEX E 411 X

I1(1)G [Ex ia Ga] lIB / lIC FISCO Power Suppl
| (M2 [Ex ia Mo ey (€ oar0

Non Intrinsically Safe Fieldbus signal circuits.
Voltage Um AC 250V - Max. Tamb. 60 °C

Intrinsically Safe Fieldbus supply - and signal circuit (FISCO).

Voltage (Uo)Voc DC 15.0V
Short circuit current (lo) Isc 197 mA
Supply current at 15V (Is) Iknee 115 mA
Power Po 1.72W
Current limiting resistor Ri 2 176.22 ohm
Characteristcs trapezoidal

smar -~

DF47-17 Barreira de Seguranga Intrinseca Fieldbus

FISCO Power Supply
[Exia Ga] IB CEPEL 06.1095 X

U= 250Vca Tamb: -20°C a 60°C
Valores Nominais [Ex ia Ga] IB CEPEL 06.1095 X
@ Uy= 14Vee uU,= 15V
1= 110mA 1,=197TmA
T P= 1700mW P,=1720mW
N (o 1.=115mA
. R;>176,22Q

INMETRO  ocrooar

Tamb: -20°C a 60°C

Circuito nao Intrinsicamente Seguro
U= 250Vca Uy= 24Vce Py=3W c €

smar -~
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Chapter 6

Introduction

ADDING INTERFACES

There are several interface modules available for AuditTank that provide a wide connectivity to
different media used in the Automation and Process Control Industry.

In applications that connect Modbus RTU to AuditTank, and require more than one Modbus device
in the same Modbus network, it is necessary the use of RS-232/RS-485 module interface to provide
a multipoint communication.

In the cases where only one Modbus device is used, and the distance between both devices are
longer than 15 meters, the RS-232/RS-485 module interface is also necessary.

Originally, the TM302 (controller) were designed to be connected to the Ethernet 10 Mbps port. In
order to connect it in an Ethernet 100 Mbps Local Area Network, add the Ethernet Switch 10/100
Mbps module.

The following table shows the available Interface module types.

INTERFACE
MODEL DESCRIPTION /0 TYPE
DF58 Interface RS232/RS485 No I/0
DF61 Ethernet Switch 10/100 Mbps No 1/0

The specifications for each module are shown is the next pages.
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DF58 —RS232/RS485 Interface

Description

This module converts the electrical characteristics of the communication signal from the RS-232 to
RS-485 specifications. Due to the different purposes of use between RS-232 and RS-485, where the
first one is proper to peer-to-peer applications, this module was implemented to work automatically.

No control signal is necessary to control the RS-485 bus. Simply connect the transmission and
reception lines on the both sides to have the interface operational.

RS232
MODE

HALF / FULL
DUPLEX/DUPLEX

RS485 BUS
TERMINATOR
]

ON - OFF

@
Q
]

‘T
&
&

£

g

2]
4

S
Il
N
0
24
©
B
w
=]

RS232/RS485 Interface

RS232/RS485 Interface Module: DF58

The converter circuit isolates the signal to guarantee a safe connection between both systems. This
module was designed to be use with AuditTank /DFI302/LC700 platforms and, no power supply was
embedded in the board. It uses the +5 Vdc voltage from the rack to energize the circuit.

Interface Settings
There are two interfaces settings located on the front panel to adapt the interface to the applications:

RS-232 Mode and RS-485 Bus Terminator.

RS232 Mode: Half-Duplex/Full-Duplex

The RS-232 Mode setting adapts the use of RS-232/RS-485 Interface to the communication driver
RS-232. Usually, these interfaces connect unidirectional buses with bidirectional buses. The
unidirectional bus can contain Full-Duplex features caused by echoes of the transmitted message.

If the driver does not support the reception/transmission simultaneously, because the reception
disables or discards the reflected message, select the Half-Duplex option. If the reflected message
does not disturb the applications, select the Full-Duplex option.

RS485 Bus Terminator: On/Off

The RS-485 is a multidrop bus. The transmitter driver is set to high impedance (Hi-Z) state when
there is no message to be transmitted. However, the RS-485 bus requires a bus terminator in order
to avoid noise problems during the idle time of the RS-485. A perfect line impedance match is
necessary to activate only one terminator by bus. The other terminators must be deactivated.
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Connectors

Two connectors are available on the front panel to interconnect two communication systems: RJ-12
type connector, used in RS-232 systems; and a terminal block type connector, used in RS-485
systems.

RJ12 Pin Assignment

PIN NUMBER ‘ DESCRIPTION ‘
1 Connected to pin 6.
2 Not used
3 RxD: RS232 input signal - reception
4 TxD: RS232 output signal — transmission
5 GND: RS232 signal ground
6 Connected to pin 1

Note
Pins 1 and 6 are interconnected to allow the interconnection of the modem signals requested by
communication drivers, such as Clear-To-Send (CTS) with Request-To-Send (RTS).

Block Terminal Pin Assighment

PIN NUMBER ‘ DESCRIPTION
1 +: RS485 Non-inverting signal
2 - RS485 Inverting Signal
3 G_ND: Reference for RS-485 Communication
Signal.
Note

The pin GND sets the voltage reference for all RS-485 nodes. The RS-485 side of the RS-232/RS-
485 Interface is isolated and left on floating state. To avoid undesirable high common mode voltage,
it is recommended to set all RS-485 nodes to the same reference voltage by connecting all pins
GND together and grounding at the same point.

Cabling and Applications
There is a set of cables manufactured by Smar that is used according to the applications.

To connect the TM302 (Processor) to the DF58 (RS232/RS485 Interface), use a DF59 cable or
assemble the cable according to the diagram below.

— Pin
] —— =

Tag ID

CONNECTOR RJ-12, . CONNECTOR RJ-12,
MALE Flat Cable 04 vias for connector RJ MALE
[ DF59 ]
3 3
4 4
5 5

To assemble the serial cable between the TM302 (Processor) and the computer, observe the
diagram below that describes the connection between the RJ12 (used in the TM302) and the DB9
Female:
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_ RJ12 DB9 Female
- 8
C
PIN 1 6
E4
RJ 12 1
5 GND 5
4 |RX 3
31X 2

It is recommended to use the jumpers on the DB9 side, but they are not necessary, depending on
the application running on the PC.

Technical Specifications

General Features ‘

Number of Communication Channels| 1

Data Communication Interface RS232 / RS485

Data rate Up to 200 Kbps

RS232 side Enables RS232 Half-Duplex or Full-Duplex mode
RS485 side Enables the bus terminator

Isolation 1600 Vrms @1 minute, typical

Power Supply Powered by the IMB bus, +5 Vdc, @ 60 mA typical

6.4



Adding Interfaces

DF61 — Ethernet Switch 10/100 Mbps

Description

This module connects the TM302 directly to an Ethernet 100 Mbps Local Area Network (LAN).

The only procedures to follow are:

1 - Fix the DF61 in a rack, and

2 - Using DF54 cable, connect DF61 to the 10 Mbps port of the TM302. Afterwards, the 100 Mbps
port will be ready to be connected to the LAN.

Make sure that the Ethernet is perfectly communicating, check if the ETH10 and ETH100 LED
indicators are ON (link connected), and ETH10TX and ETH100TX are blinking in the same rate of
TM302.

ETH 100

ETH 100Mbps
ETH 100 TX

172}
o
o
=
S
S
s
=
=}
-
K=
pZ|
=
[}
T
c
£
5]
=
S
fin}
)
-
©
L
o

ETH 10Mbps

hernet Switch 10/100Mbps

2 % D% D% D% D% %% %% %% %%

Ethernet Switch Module: DF61
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Chapter 7

Introduction

ADDING I/O MODULES

The AuditTank was specifically, and primarily, designed to operate with Fieldbus instruments. All
common field instrument types are available in Fieldbus versions. Therefore the amount of
conventional I/O points required in a system is drastically reduced and will eventually be eliminated.
However, since many applications require connection of old or new devices that do not have
Fieldbus communication, the AuditTank may also be fitted with conventional discrete and analogue
1/0 on an extended backplane. Each controller module can be fitted with an I/O-subsystem for up to
256 points or 1024 depending on the controller specification. There are many types of modules
available for the AuditTank, designed to fit a broad range of applications in the automation and
process control industry.

The following tables show the available /0O module types.

DISCRETE INPUTS

MODEL DESCRIPTION /O TYPE
DF11 |2 Groups of 8 24Vdc Inputs (Isolated) 16 discrete inputs
DF12 |2 Groups of 8 48Vdc Inputs (Isolated) 16 discrete inputs
DF13 |2 Groups of 8 60Vdc Inputs (Isolated) 16 discrete inputs
DF14 |2 Groups of 8 125Vdc Inputs (Isolated) 16 discrete inputs
DF15 |2 Groups of 8 24Vdc Inputs (Sink)(Isolated) 16 discrete inputs
DF16 |2 Groups of 4 120Vac Inputs (Isolated) 8 discrete inputs
DF17 |2 Groups of 4 240Vac Inputs (Isolated) 8 discrete inputs
DF18 |2 Groups of 8 120Vac Inputs (Isolated) 16 discrete inputs
DF19 |2 Groups of 8 240Vac Inputs (Isolated) 16 discrete inputs
DF20 |1 Group of 8 On/Off Switches 8 discrete inputs

DISCRETE OUTPUTS

MODEL DESCRIPTION I/O TYPE
DF21 |1 Group of 16 Open Collector Outputs 16 discrete output
DF22 |2 Group of 8 Transistor Outputs (source) (Isolated) 16 discrete output
DF23 |2 Groups of 4 120/240Vac Outputs 8 discrete output
DF24 |2 Groups of 8 120/240Vac Outputs 16 discrete output
DF25 |2 Groups of 4 NO Relays Outputs 8 discrete output
DF26 |2 Groups of 4 NC Relays Outputs 8 discrete output
DF27 |1 Group of 4 NO and 4 NC Relay Outputs 8 discrete output
DF28 |2 Groups of 8 NO Relays Outputs 16 discrete output
DF29 |2 Groups of 4 NO Relays Outputs (W/o RC) 8 discrete output
DF30 |2 Groups of 4 NC Relays Outputs (W/o RC) 8 discrete output
DF31 |1 Group of 4 NO and 4 NC Relay Outputs (W/o RC) 8 discrete output
DF71 |2 Groups of 4 NO Relays Outputs (W/o RC) 8 discrete output
DF72 |2 Groups of 4 NC Relays Outputs (W/o RC) 8 discrete output
DF69 |2 Groups of 8 NO Relays Outputs (RC) 16 discrete output
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COMBINED DISCRETE INPUTS AND OUTPUTS

MODEL DESCRIPTION

I/O TYPE

8 discrete input/
DF32 1 Group of 8 24 Vdc Inputs and 1 Group of 4 NO Relay 4 discrete output

8 discrete input /
DF33 1 Group of 8 48 Vdc Inputs and 1 Group of 4 NO Relay )

4 discrete output

8 discrete input /
DF34 1 Group of 8 60 Vdc Inputs and 1 Group of 4 NO Relay .

4 discrete output

8 discrete input /
DF35 1 Group of 8 24 Vdc Inputs and 1 Group of 4 NC Relay .

4 discrete output

8 discrete input /
DF36 1 Group of 8 48 Vdc Inputs and 1 Group of 4 NC Relay .

4 discrete output

8 discrete input /
DF37 1 Group of 8 60 Vdc Inputs and 1 Group of 4 NC Relay )

4 discrete output

8 discrete input /
DF38 1 Group of 8 24 Vdc Inputs and 1 Group of 2 NO and 2 NC Relay )

4 discrete output

8 discrete input /
DF39 1 Group of 8 48 Vdc Inputs and 1 Group of 2 NO and 2 NC Relay )

4 discrete output

8 discrete input /
DF40 1 Group of 8 60 Vdc Inputs and 1 Group of 2 NO and 2 NC Relay .

4 discrete output
OD D, RIPTIO O P
DF41 2 Groups of 8 pulse inputs — low frequency 16 pulse input
DF42 2 Groups of 8 pulse inputs — high frequency 16 pulse input
DF67 2 Groups of 8 pulse inputs — high frequency (AC) 16 pulse input

ANALOG INPUTS
DESCRIPTION

I/0 TYPE

. ) . 8 analog input
DF44 1 Group of 8 analog inputs with shunt resistors
. . . ) . 8 analog input
DF57 1 Group of 8 differential analog inputs with shunt resistors
DF45 1 Group of 8 temperature Inputs 8 temperature

ANALOG OUTPUTS

DF46

DESCRIPTION

1 Group of 4 analog outputs

/10 TYPE

4 analog outputs
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ACCESSORIES

MODEL DESCRIPTION 1/0 TYPE

DFO Blind module to fill empty slots No /0
DF1A Rack with 4 slots — support to shielded flat cable No 1/O
DF2 Terminator for last the rack — right side No I/0
DF42'33|_1>’F7A Flat cables to connect 2 racks No I/O
DF9 Support for a single module No I/O
DF54 Twisted pair cable 100 Base-TX No I/O
DF55 Twisted pair cable 100 Base-TX — cross cable — length 2m No 1/0
DF59 Cable RJ12 used to connect controllers and DF58 No I/0
DF68 Cable to connect redundant CPUs No I/0
DF76 Cable to connect co-processors No I/0
DE78 :(?é:gs\éwth 4 slots — It supports Hot Swap of CPUs and redundant I/O No /0
DF82 Synchronism cable to connect redundant controllers — length 500 mm No 1/O
DF83 Synchronism cable to connect redundant controllers — length 1800 mm No I/0
DF84 IMB Soft Starter No I/0
DF90 IMB power cable No I/O
DF91 Lateral adapter No I/0
DF92 Rack with 4 slots for redundant CPUs, hot swap and diagnostic support No 1/O
DF93 Rack with 4 slots, with diagnostic No I/O
DF96 Terminator for the last rack — left side No I/0
DF101 Flat cable to connect racks by left side — length 70 cm No I/O
DF102 Flat cable to connect racks by right side — length 65 cm No I/O
DF103 Flat cable to connect racks by right side — length 81 cm No I/0
DF104 Flat cable to connect racks by right side — length 98 cm No I/O
DF105 Flat cable to connect racks by right side — length 115 cm No 1/O

Steps to Set up I/O Modules

The first step to configure TM302 with I/O modules, need the knowledge on “How to Add a Function
Block” using Syscon (the configuration tool). See the section “Adding Function Blocks”, for further
information.

Add one Resource Block, one Hardware Configuration Transducer (HCT) and one or more
Temperature Transducers (when using temperature modules).

After the Resource and these transducers blocks, the user can add the other blocks (Al, MAI, AO,
MAO, DI, MDI, DO, MDO).

The order of the Resource, Transducers and block creation is very important because when Syscon
does the configuration download, a lot of consistency checks will be done inside TM302.

For instance, an Al block will not accept a channel configuration if the desired pointed hardware was
not declared before in the Hardware Configuration Transducer.

A complete documentation about Founpation fieldbus blocks and its parameters could be found
under Function Blocks Manual inside the System302 documentation folder. The following steps are
more related with details about TM302, and the complete description about blocks will not be found
here.
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RES — Resource Block

This function block has already been instantiated in the device. So, it is necessary set the
MODE_BLK.TARGET parameter to AUTO.

Function Block Characternization

b anufacturer ; ISmar j
Device Tupe : IDFl 02 j
Device Rev. IDE - | DD Rew.: [ -|
R o L o Dovie oo Dok e: _____IEIED
o e R €| 2 | O [EH| S DB | [E-]L D
9 ggﬁ;‘% Parameter |‘-.falue 0. |H. =
Splitter ~ST_REY
Step Out
Tempera
Timer

H-ACT AL 2
-FPERMITTE 3 Rw
_| N[ =T EY] 4 Pt T
4 3

CancelEdit | [ ErdEdi | Close | Help |
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HCT — Hardware Configuration Transducer

This transducer configures the module type for each slot in the TM302.The execution method of this
transducer block will write to all output modules and it will read all the input modules.

If any 1/O module has failed in this scan, it will be indicated in BLOCK_ERR as well in the
MODULE_STATUS_x. It makes easy to find the module or even the sensor in failure. This function
block has already been instantiated in the device, so set the MODE_BLK parameter to AUTO and fill
IO_TYPE_RXx parameters with its respective module that has been used.

VALID RANGE/

DEFAULT

PARAMETER OPTIONS ‘ VALUE ‘ DESCRIPTION
ST_REV 0

TAG_DESC Spaces

STRATEGY 0

ALERT_KEY 1to 255 0

MODE_BLK Q/s See Mode Parameter
BLOCK_ERR

REMOTE_IO Remote 1/0O Master | Reserved

I0_TYPE_RO 0 Select module type for the rack 0
I0_TYPE_R1 0 Select module type for the rack 1
I0_TYPE_R2 0 Select module type for the rack 2

I0_TYPE_R3 0 Select module type for the rack 3

I0_TYPE_R4 0 Select module type for the rack 4

IO_TYPE_RS5 0 Select module type for the rack 5

I0_TYPE_R6 0 Select module type for the rack 6

I0_TYPE_R7 0 Select module type for the rack 7

I0_TYPE_RS8 0 Select module type for the rack 8

I0_TYPE_R9 0 Select module type for the rack 9
I0_TYPE_R10 0 Select module type for the rack 10
I0_TYPE_R11 0 Select module type for the rack 11
IO_TYPE_R12 0 Select module type for the rack 12
IO_TYPE_R13 0 Select module type for the rack 13
I0_TYPE_R14 0 Select module type for the rack 14

MODULE_STATUS_RO_3

Status of modules in rack 0-3.

MODULE_STATUS_R4_7

Status of modules in rack 4-7.

MODULE_STATUS_RS8_11

Status of modules in rack 8-11.

MODULE_STATUS_R12_14

Status of modules in rack 12-14.

UPDATE_EVT

This alert is generated by any change to the
static data.

BLOCK_ALM

The block alarm is wused for all
configuration, hardware, connection failure
or system problems in the block. The cause
of the alert is entered in the subcode field.
The first alert to become active will set the
Active status in the Status attribute. As
soon as the Unreported status is cleared by
the alert reporting task, another block alert
may be reported without clearing the Active
status, if the subcode has changed.

7.5




AuditTank — User’'s Manual

TEMP — Temperature Transducer

This is the transducer block for the module DF45, an eight low signal input module for RTD, TC, and

Ohm.

When using this module, the TEMP Transducer is necessary and must be added to Syscon
Configuration, just before the Function Block, which will provide the interface with the 1/O module.
Therefore, create this block, set the MODE_BLK parameter to AUTO and fill parameters with range,
sensor, etc, that will be used by the Temperature Module.

VALID RANGE/

DEFAULT

PARAMETER DESCRIPTION
OPTIONS VALUE
ST_REV 0
TAG_DESC Spaces
STRATEGY 0
ALERT_KEY 1to 255 0
MODE_BLK o/Is See Mode Parameter
BLOCK_ERR
The rack and slot number of the associated DF-45
CHANNEL module coded as RRSXX.
TEMP_O Temperature of point 0.
TEMP_1 Temperature of point 1.
TEMP_2 Temperature of point 2.
TEMP_3 Temperature of point 3.
TEMP_4 Temperature of point 4.
TEMP_5 Temperature of point 5.
TEMP_6 Temperature of point 6.
TEMP_7 Temperature of point 7.
VALUE RANGE 0 0-100% If it is c_onnected to Al blo_ck,_ it is a copy of XD_SCALE.
- - Otherwise the user can write in this scaling parameter.
1 : differential
SENSOR_CONNECTION_O 2 : 2-wire 3 Connection of the sensor 0.
3: 3- wire
SENSOR_TYPE_O See table below Pt 100 IEC | Type of sensor 0.
VALUE RANGE 1 0-100% If it is c_onnected to Al blo_ck,_ it is a copy of XD_SCALE.
- — Otherwise the user can write in this scaling parameter.
1 : differential
SENSOR_CONNECTION_1 2:2- wire 3 Connection of the sensor 1.
3: 3- wire
SENSOR_TYPE_1 See table below Pt 100 IEC | Type of sensor 1.
VALUE RANGE 2 0-100% If it is c_onnected to Al blo_ck,_ it is a copy of XD_SCALE.
- — Otherwise the user can write in this scaling par