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Analog input modules « X20(c)Al1744
1.1 X20(c)AI1744

This data sheet describes 2 module revisions. The module revision is laser-marked on the side of the module.
Select the desired module revision from the following table to view its description.

Module Revision Page
X20Al1744 2HO 4
X20cAl1744 All

X20AI1744 <HO 35

1.1.1 X20Al1744 with Rev. 2H0
1.1.1.1 General information

This module works with both 4-wire and 6-wire strain gauge load cells. The concept applied by the module re-
quires compensation in the measurement system. This compensation eliminates the absolute uncertainty in the
measurement circuit, such as component tolerances, effective bridge voltage or zero point offset. The measure-
ment precision refers to the absolute (compensated) value, which will only change as a result of changes in the
operating temperature.

» 1 full-bridge strain gauge input

» Data output rate configurable from 0.1 Hz to 7.5 kHz

» Special operating modes (synchronous mode and multiple sampling)

» Configurable filter level

1.1.1.1.1 Other applicable documents

For additional and supplementary information, see the following documents.

Other applicable documents

Document name Title
MAX20 X20 System user's manual
MAEMV Installation / EMC guide

1.1.1.2 Order data

Order number Short description Figure
Analog inputs

X20Al1744 X20 analog input module, 1 full-bridge strain gauge input, 24-bit
converter resolution, 5 kHz input filter

Required accessories
Bus modules

X20BM11 X20 bus module, 24 VDC keyed, internal I/O power supply con-
nected through
X20BM15 X20 bus module, with node number switch, 24 VDC keyed, in-

ternal I/O power supply connected through
Terminal blocks
X20TB12 X20 terminal block, 12-pin, 24 VDC keyed

Table 1: X20AIl1744 - Order data

1.1.1.3 Technical description

1.1.1.3.1 Technical data

Order number X20AI1744

Short description

1/0 module 1 full-bridge strain gauge input
General information

B&R ID code 0x1CDE

Status indicators Channel status, operating state, module status

Table 2: X20AI1744 - Technical data
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Order number X20Al11744
Diagnostics
Module run/error Yes, using LED status indicator and software
Open circuit Yes, using LED status indicator and software
Input Yes, using LED status indicator and software
Power consumption
Bus 0.01 W
Internal 1/0 0.5W
Additional power dissipation caused by actuators Max. +0.36 "
(resistive) [W]
Certifications
CE Yes
UKCA Yes
ATEX Zone 2, 11 3G ExnAnC IIAT5 Ge
IP20, Ta (§ee X20 user's manual)
FTZU 09 ATEX 0083X
uL cULus E115267
Industrial control equipment
HazLoc cCSAus 244665
Process control equipment
for hazardous locations
Class |, Division 2, Groups ABCD, T5
EAC Yes
KC Yes

Full-bridge strain gauge

Strain gauge factor

2 to 256 mV/V, configurable using software

Connection

4- or 6-wire connections 2

Input type

Differential, used to evaluate a full-bridge strain gauge

Digital converter resolution

24-bit

Conversion time

Depends on the configured data output rate

Data output rate

0.1 - 7500 samples per second, configurable using software (foara)

Input filter

Cutoff frequency 5 kHz

Order 3

Slope 60 dB
ADC filter characteristics Sigma-delta, see section "Filter characteristics of the sigma-delta A/D converter"
Operating range / Measurement sensor 85 to 5000 Q

Influence of cable length 3

See section "Calculation example".

Input protection

RC protection

Common-mode range

0to 3VDC
Permissible input voltage range (with regard to the electric po-
tential strain gauge GND) on inputs "Input +" and "Input -"

Insulation voltage between input and bus

500 Vi

Conversion procedure

Sigma-delta

Output of digital value
Broken bridge supply line
Broken sensor line
Valid range of values

Value approaching 0
Value approaching *end value (status bit "Line monitoring" is set in register "Module status")
0xFF800001 to 0x007FFFFF (-8,388,607 to 8,388,607)

Strain gauge supply
Voltage
Short-circuit and overload-proof
Voltage drop for short-circuit protection

5.5 VDC / Max. 65 mA
Yes
Max. 0.2 VDC at 65 mA and 25°C

Quantization 4
LSB value (16-bit)

2 mVIV 336 nV
4 mVIV 671 nV
8 mV/V 1.343 pv
16 mV/V 2.686 uV
32 mVIV 5.371 pv
64 mV/V 10.74 uv
128 mV/V 21.48 v
256 mV/V 42.97 v

LSB value (24-bit)
2 mVIV 1.31 nV
4 mVIV 2.62 nV
8 mV/V 5.25nV
16 mV/V 10.49 nV
32 mVIV 20.98 nV
64 mV/V 41.96 nV
128 mV/V 83.92 nV
256 mV/V 167.85 nV

Temperature coefficient
Rev. 2EQ 10 ppm/°C
Rev. <E0 30 ppm/°C
Max. gain drift 12 ppm/°C 9

Table 2: X20Al1744 - Technical data




Analog input modules « X20(c)Al1744

Order number X20AI11744
Max. offset drift 2 ppm/°C ®
Nonlinearity <10 ppm ©
Electrical properties
Electrical isolation Bus isolated from analog input and strain gauge supply voltage
Channel not isolated from 1/O power supply
Operating conditions
Mounting orientation
Horizontal Yes
Vertical Yes
Installation elevation above sea level
0 to 2000 m No limitation
>2000 m Reduction of ambient temperature by 0.5°C per 100 m
Degree of protection per EN 60529 1P20
Ambient conditions
Temperature
Operation
Horizontal mounting orientation -25 to 60°C
Vertical mounting orientation -25 to 50°C
Derating See section "Hardware configuration”
Storage -40 to 85°C
Transport -40 to 85°C
Relative humidity
Operation 5 to 95%, non-condensing
Storage 5 to 95%, non-condensing
Transport 5 to 95%, non-condensing
Mechanical properties
Note Order 1x terminal block X20TB12 separately.
Order 1x bus module X20BM11 separately.
Pitch 12.5*02mm

Table 2: X20AI1744 - Technical data

1) Depends on the full-bridge strain gauge being used.

2) With 6-wire connections, line compensation does not function (see section "Connection examples").

3) Sensor cable with twisted and shielded conductors, cable length as short as possible, cable routing separate from load circuits, without intermediate terminal
to the sensor.

4) Quantization depends on the strain gauge factor.

5) Based on the current measured value.

6) Based on the entire measurement range.

1.1.1.3.2 LED status indicators

For a description of the various operating modes, see section "Additional information - Diagnostic LEDs" in the
X20 System user's manual.

Figure LED Color Status Description

r Green Off No power to module

Single flash RESET mode

Double flash | BOOT mode (during firmware update)"

Blinking PREOPERATIONAL mode
On RUN mode
§ e Red Off No power to module or everything OK
- On Error or reset status
< 1 Green Off Possible causes:
8 «  Open circuit
X

«  Sensor is disconnected
< Converter is busy
On Analog/digital converter running, value OK

1) Depending on the configuration, a firmware update can take up to several minutes.




Analog input modules < X20(c)Al1744

1.1.1.3.3 Pinout

X20 Al 1744

SGVCC
SGVCC
Input +
Input -
SG GND

SG GND

1.1.1.3.4 Connection examples

Full-bridge strain gauge with 4-wire connections

Al
—Q O
& O
—Q O
—O O
o e,
+24VDC <« l— » +24 VDC
GND < » GND
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Full-bridge strain gauge with 6-wire connections

Full-bridge strain gauges can be connected to this module with 6-wire connections. Line compensation is not
supported by the module, however. The sense lines are short circuited by the internally connected strain gauge
VCC and GND connections (see "Input circuit diagram" on page 9). The measurement precision is therefore
affected by changes in operating temperature. Longer cable lengths and smaller cable cross sections also increase
the potential for errors in the measurement system.

In order to reduce cable resistance, the sense lines should be connected in parallel with the strain gauge supply
lines. Optimal signal quality can be obtained by using a shielded twisted pair cable. The connections for the strain
gauge supply lines, the sensor lines and the bridge differential voltage lines should each use one twisted pair cable.

Al
Full-bridge strain gauge o
—
+U [+U sense 1
—O+ rO
oo
f—o- O
L\l Sense
|
|
rallhs
‘/OI O\b
+24 VDC <« > » +24 VDC
GND <« » GND

Parallel connection of 2 full-bridge strain gauges (4-wire connections)

If connecting the full-bridge strain gauges in parallel, the manufacturer's guidelines must be observed.

Al
Full-bridge strain gauge 1
\ o1 O
+U
(OZ N2 ®)
+
P o1 O
4 | o1 o
«OI !
+24\/DC <« * » +24 VDC
GND <« » GND

When connecting 3 or more full-bridge strain gauges in parallel, 2 lines must be connected together in an X20
terminal block.
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1.1.1.3.5 Input circuit diagram

Ustrain gauge
-
SGVCC i
i
SGVCC | o
I
P
I
Input + i O T
b = AID
: : Anti-aliasing filter converter Local
Input - : : 5 kHz /60 dB processor port
P
SGGND ! o~
: ! Reference Reference
SGGND ! l
i
Strain gauge
u Strain gauge
-
SGVCC !
i
SGVCC | o+
P
P
P
Input + i O
P = AD
: : Anti-aliasing filter converter Local
Input- | o 5Hz/60dB processor port
i 27
P
SGGND ! o=
: ! Reference Reference
SG GND : l
Strain gauge

1.1.1.3.6 Effective resolution of the A/D converter

The A/D converter on the module provides a 24-bit measured value. The actual attainable noise-free resolution is
always less than 24-bit, however. This "effective resolution" depends on the data rate and measurement range.
Example:

Based on the conversion method, a data rate of 2.5 Hz and a specified measurement range of 2 mV/V result in
an effective resolution 0f17.4 bits:

ENNN AR EARRERNRNANAnnEn

The low-order bits (grayed out) contain only noise instead of valid values and are therefore not permitted to be
evaluated.

With "Function model 1 - Multisampling”, only the highest 16 bits are made available.
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1.1.1.3.7 Bridge voltage and quantization

The following example shows the influence of the length of the measuring cable on the bridge voltage of the module
and the quantization calculated with it.

1.1.1.3.7.1 Bridge voltage

Although the measuring bridge must be adjusted with the module, the line length has an influence on the accuracy
of the measurement. The reason for this is the voltage drop on the power supply lines of the measuring bridge. As
a result, the bridge supply voltage at the measuring bridge is no longer the full 5.5 V. The reduced bridge voltage
also affects the quantization.

Example
Characteristics of the measuring device used:

» Full-bridge strain gauge with 4-wire connection

)

Material-dependent conductivity of the line (copper: 12

» Cross section of the line: 22 AWG = 0.34 mm?

* Length of the line: 5 m

* Nominal current of the measuring bridge: 15 mA
» Bridge voltage of the module: 5.5 V

—m
Q.-mm2

Actual bridge voltage taking the voltage drop on the measuring line into account:

2.-5m
5V -
>-5 12572+ 0.34mm

- . 0.015A = 5.463 V

The quantization must be calculated using the actual calculated bridge voltage (see "Quantization" on page 11).

10
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1.1.1.3.7.2 Quantization

In a weighing application, the corresponding weight located on the connected load cell should be determined from
the value derived from the module.

Example
The characteristics of the strain gauge load cell are as follows:

» Rated load: 1000 kg

» Strain gauge factor: 4 mV/V

» Actual bridge voltage: 5.463 V
Maximum quantization:

Multiplying the bridge factor of the strain gauge load cell with the bridge supply voltage from the module results in
the value for the positive full-scale deflection at a specified rated load of 1000 kg:

4mVNV-55V=22mV

Actual quantization:

Taking the voltage drop on the measuring line into account, the actual bridge voltage is 5.463 V (for the calculation,
see section "Bridge voltage" on page 10). If this voltage is multiplied by the strain gauge factor of 4 mV/V, the
following actual quantization results:

4 mV/V-5463V =21.85mV

These 21.85 mVcorrespond to 99.3% of the maximum possible measurement range.

Information:

If the quantization decreases, the maximum possible effective resolution also decreases (see "Effective
resolution of the A/D converter” on page 9).

With a simple Rule of Three calculation, the corresponding value can be calculated (as seen in the table) from
weight to the converter value and vice versa. This simplified theoretical approach is only valid for an ideal mea-
surement system. Calibration of the entire measurement system is recommended because not only the module,
but particularly the strain gauge bridges exhibit tolerances (offset, gain). When taring, the gradient offset is recal-
culated and the gain of the linear equation is determined when normalized. In addition to the calculation displayed
in the table, these calculations must also be carried out in the application.

24-bit value of the module Quantization Corresponding weight
0x007F FFFF 8,388,607 21.85 mV 1000 kg
0x0000 0001 1 2.61nV 0.119g
0x0000 20C3 8387 21.85 uv 1kg
0x0001 0000 65536 170.7 v 7.81kg

The values for 1 LSB are also included in the module's technical data under item "Quantization" (1 LSB each for
16 bits and 24 bits).

11
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1.1.1.3.8 Filter characteristics of the sigma-delta A/D converter

Gain
>
>
D

4 x 8 x 12 x 16 x 20 x 24 x

DATA Frequency

12
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1.1.1.3.9 Software filters

2 filters are available for the analog input. They can be individually enabled and configured at runtime. By default,
both filters are disabled when the device is switched on. The filters are controlled and configured using "Function
model 2 - Extended filter".

In order to allow the filter behavior to be adapted to the measuring situation or machine cycle (high dynamics and
low precision or low dynamics and high precision), the filter characteristics of both the IIR low-pass filter as well
as the FIR filter can be changed synchronously at any time.

Filter diagram

Software
Sigma-delta A/D converter Filter

IIR

SPI Raw value FIR

L low-pass filter o
IF filter
A\ /{
Sinc5 filter o/

Sigma-delta modulator

Analog value

Analog input

1.1.1.3.9.1 lIR low-pass filter

General information

The IIR low-pass filter is used to generally smooth and increase the resolution of the analog value. The filter works
according to the following formula:

X —
y= y0|d+2FT):IOASeI

X ... Current filter input value

You --- Old filter output value

y ... New filter output value

Parameter "Filter level" in the formula above is configured using register "ConfigCommonOutput01" on page 32.
"Filter level" = 0 if the IIR low-pass filter is disabled.

Filter characteristics of the first-order IIR low-pass filter

Limit frequency f.

The following table provides an overview of the -3 dB limit frequency f. depending on the configured filter level.

Filter level Normalized f. f. [Hz] f. [Hz]
[I/O update rate] I/0 update rate = 15000/s 1/0 update rate = 20000/s
1 0.11476 1721.4 2295.2
2 0.046 690 920
3 0.02124 318.6 424.8
4 0.01026 153.9 205.2
5 0.00504 75.6 100.8
6 0.0025 37.5 50
7 0.00124 18.6 24.8
8 0.00062 9.3 12.4

13



Gain of the IIR low-pass filter
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Step response of the IIR low-pass filter

Analog input modules < X20(c)Al1744
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1.1.1.3.9.2 FIR filter

Like the IIR low-pass filter, the FIR filter can also be used to smooth out the signal and increase its resolution.
In addition, configuring the filter length accordingly makes it possible to target and efficiently filter out individual
interference frequencies. The source of these interference frequencies may be mechanical or electromagnetic.
Multiples of these are also filtered out (as long as they are a whole-number factor of the data output rate).

Example:
Data output rate = 15000 samples/s, averaging over 15 values — "Notch" at 1 kHz (2 kHz, etc.)

When reconfiguring the filter, it takes 1/data rate (FIR filter in mode "Selectable data rate") or 1/filter frequency (FIR
filter in mode"High-resolution data rate") until the filter is tuned. During tuning, bit 5 is set in register "Statusinput01"
on page 33.

Characteristics of the FIR filter in mode "Selectable data rate”

The following table applies to "Function model 0 - Standard” and "Function model 254 - Bus controller” as well as
for "Function model 2 - Extended filter" in mode "Selectable data rate".

1/0 update rate [Hz] 1/0 update time [ms]
Set value Data rate (fpaw) [HZ] froten [HZ] Function model Function model 2 Function model Function model 2
02 34 0 and 254 ("Selectable da- 0 and 254 ("Selectable da-
ta rate” mode) ta rate” mode)

0000 25 25 25 15000 400 0.0667
0001 5 5 5 15000 200 0.0667
0010 10 10 10 15000 100 0.0667
0011 15 15 15 15000 66.6667 0.0667
0100 25 25 25 15000 40 0.0667
0101 30 30 30 15000 33.3333 0.0667
0110 50 50 50 15000 20 0.0667

0111 60 60 60 15000 16.6667 0.0667
1000 100 100 100 15000 10 0.0667
1001 500 500 500 15000 2 0.0667
1010 1000 1000 1000 15000 1 0.0667
1011 2000 2000 2000 20000 0.5 0.05

1100 3750 3750 3750 15000 0.2667 0.0667
1101 7500 7500 7500 15000 0.1333 0.0667
1110 Reserved

1111 Reserved

1) Function model 0 and 254: Bits 0 to 3 of register "ConfigOutput01" on page 24

2) Function model 2: Bits 0 to 3 of register "ConfigDatarateOutput01" on page 33

3) Function models 0 and 254: Data rate = 1/Filter length [s] (fueten) = I/O update rate
4) Function model 2: Data rate = 1/Filter length [s] (fyotcn)

16
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Characteristics of the FIR filter in mode "High-resolution data rate"

The following table applies to "Function model 2 - Extended filter".

Setpoint [0.1 Hz] " Data rate (fpaw) [HZ] froten [HZ] 1/0 update time [ps]
1 to 65535 Setpoint/ 10 = Data rate =50 ps 2

1) Setpoint from register "ConfigHighResolutionOutput01" on page 33
2) The value varies between 42 and 56 s (see also the next section "I/O update time")

I/O update time
The value of the I/0 update time depends on the setpoint and varies between 42 and 56 ps. The following formula
can be used to precisely calculate the 1/0O update time:

I/O update time = 1e6 - (1e-4 - 10 / (Setpoint - [10 / (5e-5 - Setpoint)]))

Legend: The square brackets in the formula above mean that the calculated value must be rounded to a whole
number.

The following image shows the I/O update time depending on the setpoint:

60 O r

58

110 update time [us]

40 C T T } T
0 10000 20000 30000 40000 50000 60000

Value set in the ,ConfigHighResolutionOutput01“ register [0.1 Hz]

17



Examples for the gain of the FIR filter

Example 1
Filter setting = 10:

fNotch =1000 Hz
+ f,=439.3Hz

L

]

=
|

[H(D] [dB]

-100

-120

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

f[Hz]
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Example 2
Filter setting = 6:

° fNotch =50 Hz
« f.=21.8Hz

-20 4

-40

—

[H(D] [dB]

-120

500

1000

1500

2000

2500 3000 3500 4000 4500

f[Hz]

Detailed excerpt from the filter curve shown above:

[
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g

-120

100
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200

250 300 350 400 450

f[Hz]

500
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1.1.1.3.10 Hardware configuration
1.1.1.3.10.1 Hardware configuration for horizontal installation starting at 55°C ambient temperature
Operating a strain gauge module

Starting at an ambient temperature of 55°C, a dummy module must be connected to the left and right of the strain
gauge module in a horizontal mounting orientation.

Dummy module
This module
Dummy module

Operating multiple strain gauge modules side by side
If 2 or more horizontal strain gauge modules are being operated in a cluster, the following arrangement of modules
must be observed.

Dummy module
This module
Dummy module
This module
Dummy module
This module
Dummy module

20
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1.1.1.3.10.2 Hardware configuration for vertical installation starting at 45°C ambient temperature

Operating a strain gauge module

Starting at an ambient temperature of 45°C, a dummy module must be connected to the left and right of the strain

gauge module in a vertical mounting orientation.

Dummy module

This module

Dummy module

Operating multiple strain gauge modules side by side

If 2 or more vertical strain gauge modules are being operated in a cluster, the following arrangement of modules

must be observed.

Dummy module

This module

Dummy module

This module

Dummy module

This module

Dummy module

21
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1.1.1.4 Register description
1.1.1.4.1 General data points

In addition to the registers described in the register description, the module has additional general data points.
These are not module-specific but contain general information such as serial number and hardware variant.
General data points are described in section "Additional information - General data points" in the X20 System
user's manual.

1.1.1.4.2 Function model 0 - Standard

Register Name Data type Read Write
Cyclic Acyclic Cyclic Acyclic

Analog signal - Configuration

16 ConfigOutputO1 (A/D converter configuration) USINT °

18 ConfigCycletime01 UINT .

32 AdcClkFreqShift01 USINT .
Analog signal - Communication

2 StatusInput01 USINT °

4 Analoglnput01 DINT .

1.1.1.4.3 Function model 1 - Multisampling

In this function model, the A/D converter is operated synchronously to X2X Link with a predefined A/D converter
cycle time. The value is configurable as 50 or 100 ps.

The module returns between 3 and 10 measured values per X2X cycle depending on the configuration. With an
X2X cycle time of 400 us and A/D converter cycle time of 50 us, exactly 8 measurements are performed and the
module can return 8 values (strain gauge value 01 to strain gauge value 08).

If a longer cycle time is used, the values returned correspond to the last measurements. If using an X2X cycle time
that is not a whole number multiple of the A/D converter cycle time, then the conversion cannot be synchronized
with X2X Link. In this case, the module outputs the invalid value 0x8000.

Example 1

If using an X2X cycle time of 800 ps, it is possible to perform 16 measurements per X2X cycle if the A/D converter
cycle time equals 50 ps. The first 6 measured values are discarded; the last 10 measured values are provided
by the module.

With a shorter X2X cycle time, the number of measured values should not exceed the number of measurements
that can actually be made. All other measured values are invalid (0x8000). To minimize the load on the X2X Link
network, it is possible in Automation Studio to hide the registers that are not required (AnaloglnputXX) and thus
disable the transfer.

Example 2

If using an X2X cycle time of 300 ps, it is possible to perform 6 measurements per X2X cycle if the A/D converter
cycle time equals 50 ys. For this reason, only the first 6 registers are valid. The registers for the 7th to 10th measured
value (Analoglnput07 to Analoginput10) should be hidden (disabled) by configuring setting "Number of measured
values" to "6 measured values" in the 1/O configuration in Automation Studio.

Register Name Data type Read Write
Cyclic | Acyclic Cyclic Acyclic
Analog signal - Configuration
1601 ConfigGain01_MultiSample USINT .
1603 ConfigCycletime01_MultiSample USINT .
Analog signal - Communication
2 StatusInput01 USINT °
1534 + N * 4 | AnaloglnputON (N = 1 to 10) INT .
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1.1.1.4.4 Function model 2 - Extended filter
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The IIR low-pass filter and the FIR filter can be enabled in this function model.

Register Name Data type Read Write
Cyclic | Acyclic Cyclic Acyclic
Analog signal - Configuration
272 ConfigCommonOQOutput01 USINT .
(A/D converter and IIR filter configuration)
288 ConfigFilterOutput01 UINT .
273 ConfigDatarateOutput01 USINT
274 ConfigHighResolutionOutput01 UINT
Analog signal - Communication
2 StatusInput01 USINT .
4 Analoglnput01 DINT .
256 AdcConvTimeStamplinput01 DINT .

1.1.1.4.5 Function model 254 - Bus controller

In function model "254 - Bus controller", the module behaves as it does in "Function model 0 - Standard" with
the exception that it is not synchronized to the X2X Link network even if synchronous mode is enabled in register
"ConfigOutput01" on page 24. Instead, the module behaves as if the set A/D converter cycle time is not a factor
or multiple of the X2X cycle time and attempts to maintain the set A/D converter cycle time as precisely as possible.

Register Offset" Name Data type Read Write
Cyclic | Acyclic Cyclic | Acyclic

Analog signal - Configuration

16 0 ConfigOutputO1 (A/D converter configuration) USINT .

18 18 ConfigCycletime01 UINT .

32 32 AdcClkFreqShift01 USINT .
Analog signal - Communication

2 4 Statusinput01 USINT °

4 0 Analoglnput01 DINT .

1) The offset specifies the position of the register within the CAN object.

1.1.1.4.51

Using the module on the bus controller

Function model 254 "Bus controller" is used by default only by non-configurable bus controllers. All other bus
controllers can use other registers and functions depending on the fieldbus used.

For detailed information, see section "Additional information - Using 1/0O modules on the bus controller" in the X20
user's manual (version 3.50 or later).

1.1.1.4.5.2

CAN 1/O bus controller

The module occupies 1 analog logical slot on CAN 1/0.
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1.1.1.4.6 Registers for function models "0 - Standard" and "254 - Bus controller”

1.1.1.4.6.1 A/D converter configuration

Name:
ConfigOutput01
The data rate and measurement range of the A/D converter can be configured in this register.
Data type Values Bus controller default setting
USINT See bit structure. 13
Bit structure:
Bit Description Value Information
0-3 Data rate foara (Samples per second): 0000 2.5
0001 5
0010 10
0011 15
0100 25
0101 30
0110 50
0111 60
1000 100
1001 500
1010 1000
1011 2000
1100 3750
1101 7500 (bus controller default setting)
1110 Synchronous mode
1111 Reserved
4-6 Standard measurement range (bit 6 = 0) 000 16 mV/V (bus controller default setting)
001 8 mV/V
010 4 mvVIvV
011 2 mVIiv
Extended measurement range (bit 6 = 1) 100 256 mV/V
101 128 mV/V
110 64 mV/V
111 32 mviv
7 Reserved 0 (must be 0)

Synchronous mode

The module's analog/digital converter (A/D converter) can optionally be operated and read synchronously to the
X2X Link network. Synchronous mode is enabled by selecting the respective operating mode in register "Con-
figOutput01" on page 24. A time between 200 and 2000 ps must be set in register "ConfigCycletime01" on page
25 for this. If this time is a whole number factor or multiple of the configured cycle time of X2X Link, then the
A/D converter is read synchronously to X2X Link.

Information:
The A/D converter cycle time must be 21/4 of the X2X cycle time!
Bit 2 in Module status is set (i.e. A/D converter not running synchronously)...

+ ... If the configured A/D converter cycle time cannot be synchronized with X2X Link.
+ ... If the module is still in the settling phase.

Jitter, dead time and settling time:

Jitter
A/D converter cycle times <1500 ps Max. +1 ps
A/D converter cycle times >1500 ps Max. +4 us
X2X link dead time X2X cycle time
50 ps + — s
Settling time 150 x X2X cycle time

The settling time corresponds to the time needed until the A/D converter can be operated after enabling synchro-
nous mode or following conversion of the A/D converter cycle time.
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1.1.1.4.6.2 A/D converter cycle time

Name:
ConfigCycletime01

This register is only used in Synchronous mode. If synchronous mode is enabled in the A/D converter configuration,
then the module attempts to operate the A/D converter as synchronously as possible to the X2X Link network
(based on the A/D converter cycle time set in this register). It is of course necessary for the X2X Link cycle time
and the A/D converter cycle time to have a certain ratio. The following conditions must be observed:

Analog input modules * X20(c)Al1744

1) A/D converter cycle time = 1/4 X2X cycle time
2) A/D converter cycle time corresponds to a whole number factor or multiple of the X2X cycle time
3) A/D converter cycle time must be in the range 50 to 2000 us

Data type Values

Information

UINT

50 to 2000

Bus controller default setting: 400
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1.1.1.4.6.3 A/D converter clock frequency shift

Name:
AdcCIkFreqShift01

In rare cases, strain gauge modules connected to neighboring slots can influence one another. This can result in
temporary, minimal deviations in measured values. This can only occur if the sigma-delta A/D converters on the
neighboring strain gauge modules are operated at exactly the same clock frequency.

In most cases, these clock frequencies vary slightly due to part variances. When they are the same however, this
register on the strain gauge module provides a safe way for an application to prevent this type of mutual influence.

Information
Bus controller default setting: 127

Values
-128 to 127

Data type
SINT

This register can be used to vary the clock frequency in increments of 200 ppm. Setting values from -50 to 50 cover
a range of -10000 ppm to 10000 ppm. This corresponds with -1% to 1%.

Values beyond this range will cause activation of a default mode. The frequency shift is derived from the last 2 digits
of the serial number by the module firmware. This saves time that would otherwise be needed for programming,

provided that the last two digits of the serial numbers on the neighboring modules are not the same

Register value Frequency shift in ppm Example of a sampling rate?
127 ((SerialNo. modulo 100) - 50) * (-200) ppm Based on the serial number
51 ((SerialNo. modulo 100) - 50) * (-200) ppm Based on the serial number
50 10000 505
49 9800 504.9
2 400 500.2
1 200 500.1
0 0 500
-1 -200 499.9
-2 -400 499.8
-50 -10000 495
-51 ((SerialNo. modulo 100) - 50) * (-200) ppm Based on the serial number
-128 ((SerialNo. modulo 100) - 50) * (-200) ppm Based on the serial number
1) Nominal sampling rate of 500 samples per second

Important:

As shown in the table above, shifting the A/D converter clock frequency will equally shift the A/D converter sam-
pling rate. Shifting the A/D converter clock frequency too much can cause problems with disturbance suppression
particularly when a very specific sampling rate has been defined to suppress existing disturbances (e.g. 50 Hz to
suppress the 50 Hz hum). See also "Filter characteristics of the sigma-delta A/D converter" on page 12.

It is situations like this where the option to manually shift the frequency in the I/O configuration or ASIOACC library
should be utilized rather than relying on the default frequency shift that is based on the serial number.

A frequency shift like the one shown below would be sufficient to prevent modules from influencing one another
and would not cause any noticeable difference to the filter characteristics.

Slot 1 2 3 4 5 6
A/D converter clock frequency shift 0 2 -1 1 -2 0
Information:

* This register has no effect in synchronous mode because the firmware regulates the A/D con-
verter clock frequency in such a way that the A/D converter cycle is synchronous with the X2X
cycle.

*  When writing to this register using the ASIOACC library, only the lowest value byte of the written
value is accepted. For example, the value 256 (=0x100) is identical to the value 0 (=0x00).
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1.1.1.4.6.4 Module status

Name:

Statusinput01

The current state of the module is indicated in this register.

Analog input modules < X20(c)Al1744

Data type

Values

USINT

See the bit structure.

Bit structure:

Bit Description Value Information
0 A/D converter value 0 Valid A/D converter value
1 Invalid A/D converter value (analog value = 0xFF800000). Pos-
sible causes:
«  Strain gauge supply error
* 1/O power supply error
«  A/D converter not (yet) configured
1 Line monitoring 0 Ok
1 Open circuit
2 Only valid in synchronous mode 0 A/D converter runs synchronous to X2X Link
1 A/D converter does not run synchronous to X2X Link
3-7 Reserved -
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1.1.1.4.6.5 Strain gauge value

Name:
Analoglnput01

This register contains the raw value determined by the A/D converter for the full-bridge strain gauge with 24-bit
resolution.

Data type Values Information
DINT -8,388,608 Negative invalid value
-8,388,607 Negative full-scale deflection / Underflow
-8,388,606 to 8388606 Valid range
8,388,607 Positive full-scale deflection / Overflow / Open circuit

Effective resolution

In principle, the effective resolution of the A/D converter is dependent on the data rate and the measurement range
(see "Effective resolution of the A/D converter" on page 9).

The following table shows how the effective resolution (in bits) or effective range of values of the strain gauge value
depend on the module configuration (data rate, measurement range):

Measurement range
+16 mV/V +8 mV/V *4 mV/IV *2 mVIV
Data rate Bits Range of Bits Range of Bits Range of Bits Range of values
foara [HZ] values values values
2.5 19.9 +489,000 19.1 +281,000 18.0 +131,000 17.4 +86,500
5 19.4 +346,000 18.2 +151,000 17.5 +92,700 16.4 143,200
10 18.5 +185,000 17.8 +114,000 16.8 157,100 15.9 +30,600
15 18.2 +151,000 17.3 +80,700 16.4 +43,200 15.4 +21,600
25 17.8 +114,000 16.9 161,100 16.0 +32,800 14.9 +15,300
30 17.8 +114,000 16.8 157,100 15.9 +30,600 14.8 +14,300
50 17.4 +86,500 16.3 +40,300 15.4 +21,600 14.4 +10,800
60 17.4 +86,500 16.2 +37,600 15.3 +20,200 141 48,780
100 16.9 161,100 15.9 +30,600 14.8 +14,300 13.8 +7,130
500 15.5 123,200 14.5 +11,600 135 15,790 12.5 +2,900
1000 15.0 +16,400 14.1 +8,780 13.1 14,390 11.9 +1,910
2000 14.5 +11,600 13.4 +5,400 12.6 +3,100 11.4 +1,350
3750 14.1 18,780 13.1 +4,390 12.1 +2,190 11.1 +1,100
7500 13.8 +7,130 12.7 +3,330 11.8 +1,780 10.6 776

Table 3: Effective resolution of the strain gauge value in bits for the measurement range 2 to 16 mV/V

Measurement range

256 mV/V 128 mV/V 64 mV/V *32 mVIV
Data rate Bits Range of Bits Range of Bits Range of Bits Range of values
foara [HZ] values values values

2.5 22.0 +2,100,000 22.0 +2,100,000 21.2 +1,200,000 20.5 +741,000
5 21.7 41,700,000 214 +1,380,000 20.8 +913,000 20.3 +645,000
10 20.8 +913,000 20.8 +913,000 20.2 +602,000 19.4 +346,000
15 20.7 +852,000 20.5 +741,000 19.9 +489,000 19.3 +323,000
25 20.1 562,000 19.9 +489,000 19.7 +426,000 18.9 +245,000
30 19.9 +489,000 19.9 +489,000 19.4 +346,000 18.8 +228,000
50 19.8 +456,000 19.2 +301,000 19.2 +301,000 18.2 +151,000
60 19.5 +371,000 19.2 +301,000 19.0 +262,000 18.2 +151,000
100 19.0 +262,000 18.8 +228,000 18.5 +185,000 17.6 199,300
500 17.8 +114,000 17.5 +92,700 171 +70,200 16.4 +43,200
1000 17.2 +75,300 17.1 +70,200 16.7 +53,200 15.8 +28,500
2000 16.7 153,200 16.5 +46,300 16.1 +35,100 15.2 +18,800
3750 16.2 +37,600 16.1 +35,100 15.8 +28,500 14.9 +15,300
7500 15.9 +30,600 15.8 +28,500 15.3 +20,200 14.6 +12,400

Table 4: Effective resolution of the strain gauge value in bits for the measurement range 32 to 256 mV/V
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1.1.1.4.7 Register for "Function model 1 - Multisampling”

1.1.1.4.7.1 A/D converter configuration

Name:
ConfigGain01_MultiSample

The measurement range for the A/D converter can be configured in this register.

Data type Values
USINT See the bit structure.
Bit structure:
Bit Description Value Information
0-2 Standard measurement range (bit 2 = 0) 000 16 mV/V
001 8 mV/V
010 4 mVIV
011 2mVIV
Extended measurement range (bit 2 = 1) 100 256 mV/V
101 128 mV/V
110 64 mV/V
1M1 32 mVIV
3-7 Reserved 0 (must be 0)

1.1.1.4.7.2 A/ID converter cycle time

Name:
ConfigCycletime01_MultiSample

The A/D converter cycle time can be configured in this register.

In order for multisampling to work, the X2X cycle time must be divisible by the A/D converter cycle time to produce
a whole number.

Data type Value Information
USINT 0 50 ps (default)
1 100 ps
2 to 255 Reserved

1.1.1.4.7.3 Recording multiple measured values per X2X cycle

In function model , the A/D converter is operated synchronously to X2X Link with a fixed specified A/D converter
cycle time. The value is configurable as 50 or 100 ps.

Information:
"Function model 1 - Multisampling” can only be used on channel 1.

The module returns between 3 and 10 measured values per X2X cycle depending on the configuration. With an
X2X cycle time of 400 ys and A/D converter cycle time of 50 us, exactly 8 measurements are performed and the
module can return 8 values (strain gauge value 01 to strain gauge value 08).

If a longer cycle time is used, the values returned correspond to the last measurements. If using an X2X cycle time
that is not a whole number multiple of the A/D converter cycle time, then the conversion cannot be synchronized
with X2X Link. In this case, the module outputs the invalid value 0x8000.

Example 1

If using an X2X cycle time of 800 ps, it is possible to perform 16 measurements per X2X cycle if the A/D converter
cycle time equals 50 ps. The first 6 measured values are discarded; the last 10 measured values are provided
by the module.

With a shorter X2X cycle time, the number of measured values should not exceed the number of measurements
that can actually be made. All other measured values are invalid (0x8000). To minimize the load on the X2X Link
network, it is possible in Automation Studio to hide the registers that are not required (AnaloglnputXX) and thus
disable the transfer.

Example 2

If using an X2X cycle time of 300 ps, it is possible to perform 6 measurements per X2X cycle if the A/D converter
cycle time equals 50 ps. For this reason, only the first 6 registers are valid. The registers for the 7th to 10th measured
value (Analoglnput07 to Analoglnput10) should be hidden (disabled) by configuring setting "Number of measured
values" to "6 measured values" in the I/O configuration in Automation Studio.
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Number of measured values

If the X2X cycle time is too short, then not all 10 measurements can be performed. To reduce the load on X2X
Link, it makes sense to only transfer as many values as measurements that can be made. The maximum possible
number of measured values to be transferred is determined by selecting the X2X cycle time and the A/D converter
cycle time.

To minimize the load on the X2X Link network, it is possible in Automation Studio to hide the registers that are not
required (AnaloglnputXX) and thus disable the transfer.

Example: A/D converter cycle time = 50 us

X2X cycle time Number of measured values to be transferred
250 us 5
300 us 6
350 ps 7
400 ps 8
450 us 9
=500 us 10

Example: A/D converter cycle time = 100 ys

X2X cycle time Number of measured values to be transferred
300 ys 3
400 ps
500 ps
600 us
700 ys
800 s
900 ps
21 ms

O |N[(O|Oo >

=
o

1.1.1.4.7.4 Module status

Name:
StatusinputO1

This register contains the current state of the module.

Data type Values
USINT See the bit structure.

Bit structure:

Bit Description Value Information
0 A/D converter values 0 Valid A/D converter value
1 Invalid A/D converter value
1 Line monitoring 0 OK
1 Open circuit

An open circuit was found during at least one measurement in
this X2X cycle. This bit is reset if all measurements are OK after
correcting this error, i.e. it does not have to be acknowledged.

2 Synchronous mode 0 A/D converter runs synchronous to X2X Link
1 A/D converter does not run synchronous to X2X Link
3-7 Reserved -
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1.1.1.4.7.5 Strain gauge value - Multiple

Name:
Analoglnput01 to Analoglnput10

This register contains the raw value determined by the A/D converter for the full-bridge strain gauge with 16-bit
resolution. The module returns between 3 and 10 measured values per X2X cycle depending on the configuration.

Effective resolution

In principle, the effective resolution of the A/D converter is dependent on the data rate and measurement range
(see "Effective resolution of the A/D converter" on page 9).

The following table shows how the effective resolution (in bits) or effective range of values of the strain gauge value
depend on the module configuration (data rate, measurement range):

Measurement range
+16 mV/V *8 mV/IV 4 mVIV 2 mV/V
Bits Range of values Bits Range of values Bits Range of values Bits Range of values
13.4 15,240 12.3 +2,510 1.3 +1,300 10.3 630

Table 5: Effective resolution of the strain gauge value in bits for the measurement range 2 to 16 mV/V

Measurement range
+256 mV/V +128 mV/V +64 mV/V +32 mVIV
Bits Range of values Bits Range of values Bits Range of values Bits Range of values
15.5 +23,200 15.0 +16,400 15.0 +16,400 14.1 18,490

Table 6: Effective resolution of the strain gauge value in bits for the measurement range 32 to 256 mV/V
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1.1.1.4.8 Register for "Function model 2 - Extended filter"

1.1.1.4.8.1 A/D converter and IIR filter configuration

Name:
ConfigCommonOutput01

The IIR low-pass filter and measurement range of the A/D converter can be configured in this register.

Data type Values
USINT See the bit structure.

Bit structure:

Bit Description Value Information
0-3 IIR low-pass filter: Definition of the filter level 0000 IIR low-pass filter switched off
0001 Filter level 1
0010 Filter level 2
0011 Filter level 3
0100 Filter level 4
0101 Filter level 5
0110 Filter level 6
0111 Filter level 7

1000 Filter level 8
1001 - 1111 | Not permitted

4-6 Default measurement range 000 16 mV/V
001 8 mV/V
010 4 mV/IV
011 2 mVIV
Extended measurement range 100 256 mV/V
101 128 mV/V
110 64 mV/IV
111 32 mVIV
7 Reserved 0 (must be 0)

1.1.1.4.8.2 Data rate configuration

Name:
ConfigFilterOutput01

Whether a selectable data rate or a high-resolution data rate is being used for the FIR filter is configured in this
register.

Data type Values Information

UINT 0 Mode "Selectable data rate™:

A selectable data rate is used for the FIR filter (default). Configuration takes place in register
"ConfigDatarateOutput01" on page 33.

1 Mode "High-resolution data rate":

A high-resolution data rate is used for the FIR filter. Configuration takes place in register "Con-
figHighResolutionOutput01" on page 33.
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Selectable data rate

Name:
ConfigDatarateOutput01

The data rate of the FIR filter can be configured in mode "Selectable data rate" in this register.

Data type Values
USINT See the bit structure.

Bit structure:

Bit Description Value Information
0-3 Data rate fpara (Samples per second): 0000 2.5

0001 5

0010 10

0011 15

0100 25

0101 30

0110 50

0111 60

1000 100

1001 500

1010 1000

1011 2000

1100 3750

1101 7500

1110 - 1111 | The analog input value indicates an invalid range.

4-7 Reserved 0 (must be 0)

High-resolution data rate

Name:
ConfigHighResolutionOutput01

The data rate of the FIR filter can be configured in 0.1 Hz steps (0.1 to 6553.5 Hz) in this register.

Data type Values Information
UINT 0 Disables the FIR filter
1 to 65,535 0.1 to 6553.5 Hz

1.1.1.4.8.3 Module status

Name:
StatusinputO1

This register contains the current state of the module. If there is a fault in the module power supply or strain gauge
supply, the analog input value indicates an invalid range and the buffer of the enabled filter is reset.

Data type Values
USINT See the bit structure.

Bit structure:

Bit Description Value Information
0 A/D converter values 0 Valid A/D converter value
1 Invalid A/D converter value
1 Line monitoring 0 OK
1 Open circuit
2 Reserved -
3 Module power supply 0 OK
1 Error in module power supply
4 Strain gauge supply 0 OK
1 Error in strain gauge supply
5 FIR filter ready 0 OK
1 FIR filter not yet ready
6-7 Reserved -
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1.1.1.4.8.4 A/D converter conversion timestamp

Name:
AdcConvTimeStamplnput01

This register holds the timestamp of the last analog conversion. This is always the point in time in [us] at which the
conversion of the latest A/D converter raw value is completed.

Data type Values Explanation
DINT -2,147,483,648 to 2,147,483,647 Timestamp [us] of the last analog conversion

1.1.1.4.9 Minimum cycle time

The minimum cycle time specifies how far the bus cycle can be reduced without communication errors occurring.
It is important to note that very fast cycles reduce the idle time available for handling monitoring, diagnostics and
acyclic commands.

Minimum cycle time
250 ps

1.1.1.4.10 Minimum I/O update time

The minimum 1/O update time specifies how far the bus cycle can be reduced so that an I/O update is performed
in each cycle.

For the I/O update times for function models "0 - Standard", "2 - Extended filter" and "254 - Bus controller", see
section "Characteristics of the FIR filter in mode "Selectable data rate"" on page 16.

Depending on the setting in register "ConfigCycletime01_MultiSample" on page 29, the 1/O update time in
"Function model 1 - Multisampling" is 50 or 100 ps.
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1.1.2 X20AI1744 - With Rev. <H0

1.1.2.1 General information

This module works with both 4-wire and 6-wire strain gauge load cells. The concept applied by the module re-
quires compensation in the measurement system. This compensation eliminates the absolute uncertainty in the
measurement circuit, such as component tolerances, effective bridge voltage or zero point offset. The measure-
ment precision refers to the absolute (compensated) value, which will only change as a result of changes in the
operating temperature.

+ 1 full-bridge strain gauge input

» Data output rate configurable from 2.5 Hz to 7.5 kHz

» Special operating modes (synchronous mode and multiple sampling)

1.1.2.2 Order data

Model number Short description Figure
Analog inputs
X20Al1744 X20 analog input module,1 full-bridge strain gauge input,24-bit

converter resolution,5 kHz input filter
Required accessories
Bus modules

X20BM11 X20 bus module, 24 VDC keyed, internal I/O power supply con-
tinuous
X20BM15 X20 bus module, with node number switch, 24 VDC keyed, in-

ternal I/O power supply connected through
Terminal blocks
X20TB12 X20 terminal block, 12-pin, 24 VDC keyed

Table 7: X20Al1744 - Order data

1.1.2.3 Technical data

Order number X20AI1744
Short description
1/0 module 1 full-bridge strain gauge input
General information
B&R ID code 0x1CDE
Status indicators Channel status, operating status, module status
Diagnostics
Module run/error Yes, using status LED and software
Open circuit Yes, using status LED and software
Input Yes, using status LED and software
Power consumption
Bus 0.01 W
Internal 1/0 1.25W
Additional power dissipation caused by actuators Max. +0.36 "
(resistive) [W]
Certifications
CE Yes
KC Yes
EAC Yes
uL cULus E115267
Industrial control equipment
HazLoc cCSAus 244665
Process control equipment
for hazardous locations
Class |, Division 2, Groups ABCD, T5
ATEX Zone 2,11 3G ExnAnC IIA T5 Ge

IP20, Ta (see X20 user's manual)
FTZU 09 ATEX 0083X

Full-bridge strain gauge

Strain gauge factor

2 to 256 mV/V, configurable using software

Connection

4- or 6-wire connections 2

Input type

Differential, used to evaluate a full-bridge strain gauge

Digital converter resolution

24-bit

Conversion time

Depends on the configured data output rate

Table 8: X20Al1744 - Technical data
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Order number

X20A11744

Data output rate

2.5 - 7500 samples per second, configurable using software (foara)

Input filter

Cutoff frequency 5 kHz

Order 3

Slope 60 dB
ADC filter characteristics Sigma-delta, see section "Filter characteristics of the sigma-delta A/D converter"
Operating range / Measurement sensor 85 to 5000 Q

Influence of cable length

The shielded twisted pair cable should be as short as possible and run sepa-
rately to the sensor (isolated from load circuit) without intermediate terminals

Input protection

RC protection

Common-mode range

0to 3 VDC
Permissible input voltage range (with regard to the poten-
tial strain gauge GND) on inputs "Input +" and "Input -"

Isolation voltage between input and bus

500 Vo

Conversion procedure

Sigma-delta

Output of digital value
Broken bridge supply line
Broken sensor line
Valid range of values

Value approaches 0

Value approaches tend value ("open circuit" status bit is set in the Module status register)

0xFF800001 to 0x007FFFFF (-8,388,607 to 8,388,607)

Strain gauge supply
Voltage
Short-circuit and overload resistant

Voltage drop for short-circuit protection

5.5 VDC / max. 65 mA 3
Yes
Max. 0.2 VDC at 65 mA

Quantization 4
LSB value (16-bit)

2mviv 336 nV
4 mVIV 671 nV
8 mV/V 1.343 pv
16 mV/V 2.686 pv
32 mV/V 5.371 pv
64 mV/V 10.74 pv
128 mV/V 21.48 pyv
256 mV/V 42.97 yv

LSB value (24-bit)
2 mV/V 1.31 nV
4 mVIV 2.62nV
8 mV/V 5.25nV
16 mV/vV 10.49 nV
32 mVIV 20.98 nV
64 mV/IV 41.96 nV
128 mV/V 83.92 nV
256 mV/V 167.85 nV

Temperature coefficient
Rev. 2E0 10 ppm/°C
Rev. <EOQ 30 ppm/°C

Electrical isolation

Bus isolated from analog input and strain gauge supply voltage
Channel not isolated from 1/O power supply

Operating conditions

Mounting orientation

Horizontal Yes
Vertical Yes
Installation elevation above sea level
0 to 2000 m No limitations
>2000 m Reduction of ambient temperature by 0.5°C per 100 m

Degree of protection per EN 60529 1P20
Ambient conditions
Temperature
Operation
Horizontal mounting orientation 0to 55°C
Vertical mounting orientation 0 to 50°C
Derating See section "Hardware configuration”
Storage -25t070°C
Transport -25t070°C

Table 8: X20Al1744 - Technical data
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Order number X20AI11744
Relative humidity
Operation 5 to 95%, non-condensing
Storage 5 to 95%, non-condensing
Transport 5 to 95%, non-condensing
Mechanical properties
Note Order 1x terminal block X20TB12 separately
Order 1x bus module X20BM11 separately
Spacing 12.5*92 mm

Table 8: X20Al1744 - Technical data

1) Depends on the full-bridge strain gauge being used.

2) With 6-wire connections, line compensation does not function (see section "Connection examples").
3) The maximum current of 90 mA is permitted up to an operating temperature of 45°C.
4) Quantization depends on the strain gauge factor.

1.1.2.4 LED status indicators

For a description of the various operating modes, see section "Additional information - Diagnostic LEDs" in the

X20 System user's manual.

Figure LED Color Status Description
r Green Off No power to module
Single flash RESET mode
Double flash |BOOT mode (during firmware update)”
Blinking PREOPERATIONAL mode
On RUN mode
§ e Red Off No power to module or everything OK
- On Error or reset status
< 1 Green Off Possible causes:
8 *  Open circuit
= »  Sensor is disconnected
«  Converter is busy
On Analog/digital converter running, value OK

1) Depending on the configuration, a firmware update can take up to several minutes.

1.1.2.5 Pinout

SGVCC
SGVvCC
Input +
Input -
SG GND

SG GND

X20 Al 1744
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1.1.2.6 Connection examples

Full-bridge strain gauge with 4-wire connections

Al
—O rO
& O
—Oq rO
—O rO
ZIIEN
l/) O\D
+24VDC <« l— » +24 VDC
GND = » GND

Full-bridge strain gauge with 6-wire connections

Full-bridge strain gauges can be connected to this module with 6-wire connections. Line compensation is not
supported by the module, however. The sense lines are short circuited by the internally connected strain gauge
VCC and GND connections (see "Input circuit diagram" on page 39). The measurement precision is therefore
affected by changes in operating temperature. Longer cable lengths and smaller cable cross sections also increase
the potential for errors in the measurement system.

In order to reduce cable resistance, the sense lines should be connected in parallel with the strain gauge supply
lines. Optimal signal quality can be obtained by using a shielded twisted pair cable. The connections for the strain
gauge supply lines, the sensor lines and the bridge differential voltage lines should each use one twisted pair cable.

Al
Full-bridge strain gauge °
R . —
+U k*U sense
—Lw -0
o e
f4 -0
|
N P IIEN
PUN
+24VDC <« J.'_ » +24 VDC
GND « » GND
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Parallel connection of 2 full-bridge strain gauges (4-wire connections)

If connecting the full-bridge strain gauges in parallel, the manufacturer's guidelines must be observed.

A

*]

Full-bridge strain gauge 1

+U

O O
o O
O O
O O
o||e
| |9

l— +24 VDC
GND

+24 VDC
GND

' N

A
v v

When connecting 3 or more full-bridge strain gauges in parallel, 2 lines must be connected together in an X20
terminal block.

1.1.2.7 Input circuit diagram

SGVvcC }707% i [ Reference
SGVCC 3 J [} Reference
i | locale
L processor port
Input + | o= L . < >
P T ==
Input - ! o——
o Anti-aliasing filter
b 60 dB/Dec.
SG GND | o~ Il ee
| i A/D converter
SG GND 3 - Sigma-delta
1.1.2.8 Filter characteristics of the sigma-delta A/D converter
]
1
I
1
|
‘®
I T T
0 4 x 8 x 12 x 16 x 20 x 24 x
1
X fDATA Frequency
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1.1.2.9 Effective resolution of the A/D converter

The A/D converter on the module provides a 24-bit measured value. The actual attainable noise-free resolution is
always less than 24-bit, however. This "effective resolution" depends on the data rate and measurement range.
Example:

Based on the conversion method, a data rate of 2.5 Hz and a specified measurement range of 2 mV/V result in
an effective resolution of 16.6 bits:

24-bit

ENNNERRREARRERNRl N nnnEn

[NNNNRRRR(EEN

\/

16.6-bit

The low-order bits (grayed out) contain only noise instead of valid values and must therefore not be evaluated.
With "Function model 1 - Multisampling”, only the highest 16 bits are made available.

1.1.2.10 Calculation example / Quantization

In a weighing application, the corresponding weight located on the connected load cell should be determined from
the value derived from the module.

The characteristics of the strain gauge load cell are as follows:

+ Rated load: 1000 kg
» Strain gauge factor: 4 mV/V

The bridge factor of the strain gauge load cell now yields (by multiplying with the bridge supply voltage from the
module) the value for the positive full-scale deflection at the specified nominal load of 1000 kg:

4mV/Vx55V=22mV

With a simple Rule of Three calculation, the corresponding value can be calculated (as seen in the table) from
weight to the converter value and vice versa. This simplified theoretical approach is only valid for an ideal mea-
surement system. Calibration of the entire measurement system is recommended because not only the module,
but particularly the strain gauge bridges exhibit tolerances (offset, gain). When taring, the gradient offset is recal-
culated and the gain of the linear equation is determined when normalized. In addition to the calculation displayed
in the table, these calculations must also be carried out in the application.

24-bit value of the module Quantization Corresponding weight
0x007F FFFF 8,388,607 22.0 mV 1000 kg
0x0000 0001 1 2.62 nV 0.119g
0x0000 20C3 8387 22.0 yv 1kg
0x0001 0000 65536 171.9 yv 7.81kg

The values for one LSB are also included in the module's technical data under item "Quantization" (1 LSB each
for 16 bits and 24 bits).
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1.1.2.11 Hardware configuration
1.1.2.11.1 Hardware configuration for horizontal installation at 50°C ambient temperature
Operating a strain gauge module

Starting at an ambient temperature of 50°C, a dummy module must be connected to the left and right of the strain
gauge module in a horizontal mounting orientation.

Dummy module
This module
Dummy module

Operating multiple strain gauge modules side by side
If 2 or more horizontal strain gauge modules are being operated in a cluster, the following arrangement of modules
must be observed.

Dummy module
This module
Dummy module
This module
Dummy module
This module
Dummy module

1.1.2.11.2 Hardware configuration for vertical installation at 40°C ambient temperature

Operating a strain gauge module
Starting at an ambient temperature of 40°C, a dummy module must be connected to the left and right of the strain
gauge module in a vertical mounting orientation.

Dummy module

This module

Dummy module

Operating multiple strain gauge modules side by side
If 2 or more vertical strain gauge modules are being operated in a cluster, the following arrangement of modules
must be observed.
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Dummy module

This module

Dummy module

This module

Dummy module

This module

Dummy module
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1.1.2.12 Register description
1.1.2.12.1 General data points

In addition to the registers described in the register description, the module has additional general data points.
These are not module-specific but contain general information such as serial number and hardware variant.
General data points are described in section "Additional information - General data points" in the X20 system user's
manual.

1.1.2.12.2 Function model 0 - Standard

Register Name Data type Read Write
Cyclic Acyclic Cyclic Acyclic

2 Statusinput01 USINT °

4 Analoginput01 DINT .

16 ConfigOutput01 USINT .

18 ConfigCycletime01 UINT .

32 AdcClkFreqShifto1" USINT .

1) Firmware version 8 / Upgrade 1.3.0.0 or later

1.1.2.12.3 Function model 1 - Multisampling

In this function model, the A/D converter is operated synchronously to X2X Link with a predefined A/D converter
cycle time. The value is configurable as 50 or 100 ps.

The module returns between 3 and 10 measured values per X2X cycle depending on the configuration. With an
X2X cycle time of 400 ys and A/D converter cycle time of 50 ys, exactly 8 measurements are performed and the
module can return 8 values (strain gauge value 01 to strain gauge value 08).

If a longer cycle time is used, the values returned correspond to the last measurements. If using an X2X cycle time
that is not a whole number multiple of the A/D converter cycle time, then the conversion cannot be synchronized
with X2X Link. In this case, the module outputs the invalid value 0x8000.

Example 1

If using an X2X cycle time of 800 s, it is possible to perform 16 measurements per X2X cycle if the A/D converter
cycle time equals 50 ps. The first 6 measured values are discarded; the last 10 measured values are provided
by the module.

With a shorter X2X cycle time, the number of measured values should not exceed the number of measurements
that can actually be made. All other measured values are invalid (0x8000). To minimize the load on the X2X Link
network, it is possible to disable these unneeded registers (see "Number of measured values" on page 50).

Example 2

If using an X2X cycle time of 300 ps, it is possible to perform 6 measurements per X2X cycle if the A/D converter
cycle time equals 50 ys. For this reason, only the first 6 registers are valid. The registers for the 7th through 10th
measured value (Analoglnput07 to Analoglnput10) should be disabled by setting Number of measured values to
"6 measured values" in the 1/O configuration.

Register |Name Data type Read Write
Cyclic Acyclic Cyclic Acyclic
Analog signal - Configuration
1601 ConfigGain01_MultiSample USINT .
1603 ConfigCycletime01_MultiSample USINT .
Analog signal - Communication
2 Statusinput01 USINT .
1534 + N *4 | AnaloglnputON (N =1 to 10) INT .
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1.1.2.12.4 Function model 254 - Bus controller

In function model "254 - Bus controller”, the module behaves as it does in "Function model 0 - Standard" with
the exception that it is not synchronized to the X2X Link network even if synchronous mode is enabled in register
"ConfigOutput01" on page 46. Instead, the module behaves as if the set A/D converter cycle time is not a factor
or multiple of the X2X cycle time and attempts to maintain the set A/D converter cycle time as precisely as possible.

Register Name Data type Read Write
Cyclic Acyclic Cyclic Acyclic
2 Statusinput01 USINT °
4 Analoginput01 DINT .
16 ConfigOutput01 USINT .
18 ConfigCycletime01 UINT .
32 AdcClkFreqShifto1" USINT .

1) Firmware version 8 / Upgrade 1.3.0.0 or later

1.1.2.12.5 Registers for function models "0 - Standard" and "254 - Bus controller"

1.1.2.12.5.1 Module status

Name:
StatusinputO1

The current state of the module is indicated in this register.

Data type Values
USINT See the bit structure.

Bit structure:

Bit Description Value Information
0 A/D converter value 0 Valid A/D converter value
1 Invalid A/D converter value (analog value = 0xFF800000). Pos-
sible causes:

«  Strain gauge supply error
«  1/O power supply error
«  A/D converter not (yet) configured

1 Line monitoring 0 Ok
1 Open circuit
2 Only valid in synchronous mode 0 A/D converter runs synchronous to X2X Link
1 A/D converter does not run synchronous to X2X Link
3-7 Reserved -
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1.1.2.12.5.2 Strain gauge value

Name:
Analoglnput01

This register contains the raw value determined by the A/D converter for the full-bridge strain gauge with 24-bit
resolution.

Data type Values Information
DINT -8,388,608 Negative invalid value
-8,388,607 Negative full-scale deflection / Underflow
-8,388,606 to 8,388,606 Valid range
8,388,607 Positive full-scale deflection / Overflow / Open circuit

Effective resolution

In principle, the effective resolution of the A/D converter is dependent on the data rate and measurement range
(see "Effective resolution of the A/D converter" on page 40).

The following table shows how the effective resolution (in bits), or the RMS value range of the strain gauge value
depend on the module configuration (data rate, measurement area).

Measurement range
+16 mV/V +8 mV/V *4 mV/IV *2 mVIV
Data rate Bits Range of Bits Range of Bits Range of Bits Range of values
foara [HZ] values values values
2.5 21.3 +1,290,000 20.8 +912,000 19.7 +425,000 18.7 +212,000
5 20.7 +851,000 20.3 645,000 19.3 +322,000 18.3 +161,000
10 20.4 691,000 19.9 +490,000 18.9 +244,000 17.9 +122,000
15 20.1 +562,000 19.3 +320,000 18.7 +212,000 17.7 +106,000
25 19.7 +425,000 19.2 +301,000 18.5 +185,000 17.5 192,000
30 19.6 +397,000 19.0 +262,000 18.1 +140,000 171 +72,000
50 19.4 +346,000 18.8 +230,000 17.9 +122,000 16.9 161,000
60 19.3 +320,000 18.8 +230,000 17.8 +114,000 16.8 +57,000
100 19.1 +280,000 18.5 +185,000 17.4 +86,000 16.4 +43,000
500 18.0 +130,000 17.3 +80,000 16.3 +40,000 15.3 +20,000
1000 17.2 +75,000 16.5 +46,000 15.6 +25,000 14.6 +12,000
2000 16.6 +49,600 16.1 +35,000 15.3 +20,000 14.3 +10,000
3750 16.2 +37,600 15.7 +26,600 14.7 +13,000 13.7 16,600
7500 15.8 +28,500 15.3 +20,200 14.4 +10,800 13.4 15,400

Table 9: Effective resolution of the strain gauge value in bits for the measurement range 2 to 16 mV/V

Measurement range

256 mV/V 128 mV/V 64 mV/V *32 mVIV
Data rate Bits Range of Bits Range of Bits Range of Bits Range of values
foara [HZ] values values values
2.5 23 +4,194,000 22.6 +3,179,000 221 +2,248,000 21.7 +1,703,000
5 22.3 42,582,000 224 +2,767,000 21.9 +1,957,000 21.3 +1,291,000
10 22.3 +2,582,000 22 +2,097,000 21.6 +1,589,000 21 +1,049,000
15 22 +2,097,000 21.7 +1,703,000 21.3 +1,291,000 20.7 +852,000
25 21.7 +1,703,000 214 +1,384,000 211 +1,124,000 20.5 +741,000
30 21.8 +1,826,000 21.3 +1,291,000 20.8 +913,000 20.4 692,000
50 21.3 +1,291,000 21.1 +1,124,000 20.4 +692,000 19.9 +489,000
60 21.3 +1,291,000 20.9 +978,000 20.5 +741,000 19.8 +456,000
100 20.9 +978,000 20.7 +852,000 20.2 +602,000 19.6 +397,000
500 20.1 +562,000 19.6 +397,000 19.1 +281,000 18.6 +199,000
1000 19 +262,000 18.6 +199,000 18.1 +140,000 17.5 193,000
2000 18.5 +185,000 18.1 +140,000 17.8 +114,000 17 166,000
3750 18.1 +140,000 17.8 +114,000 17.3 +81,000 16.6 +50,000
7500 17.7 +106,000 17.3 +81,000 16.9 +61,000 16.2 +38,000

Table 10: Effective resolution of the strain gauge value in bits for the measurement range 32 to 256 mV/V
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1.1.2.12.5.3 A/D converter configuration

Name:
ConfigOutput01
The data rate and measurement range of the A/D converter can be configured in this register.
Data type Values Bus controller default setting
USINT See bit structure. 13
Bit structure:
Bit Description Value Information
0-3 Data rate fpara (Samples per second): 0000 25
0001 5
0010 10
0011 15
0100 25
0101 30
0110 50
0111 60
1000 100
1001 500
1010 1000
1011 2000
1100 3750
1101 7500 (bus controller default setting)
1110 Synchronous mode"
1111 Reserved
4-6 Standard measurement range (bit 6 = 0) 000 16 mV/V (bus controller default setting)
001 8 mV/IV
010 4 mvVivV
011 2 mVIV
Extended measurement range (bit 6 = 1)? 100 256 mV/V
101 128 mV/V
110 64 mV/V
111 32 mVIV
7 Reserved 0 (must be 0)

1) The A/D converter is synchronized as much as possible with the X2X Link network. Starting with firmware version 2.
2) Firmware version 4 or later

Synchronous mode

With firmware version 2 and later, the module's analog/digital converter (A/D converter) can be operated and read
synchronously to the X2X Link network. Synchronous mode is enabled by selecting the respective operating mode
in register "ConfigOutputO1" on page 46. A time between 200 and 2000 ys must be set in register "ConfigCy-
cletime01" on page 47 for this. If this time is a whole number factor or multiple of the configured cycle time of
X2X Link, then the A/D converter is read synchronously to X2X Link.

Information:
The A/D converter cycle time must be 21/4 of the X2X cycle time!
Bit 2 in Module status is set (i.e. A/D converter not running synchronously)...

+ ... If the configured A/D converter cycle time cannot be synchronized with X2X Link.
+ ... If the module is still in the settling phase.

Jitter, dead time and settling time:

Jitter

A/D converter cycle times <1500 ps Max. 1 s

A/D converter cycle times >1500 ps Max. +4 us
X2X link dead time X2X cycle time

50 ps + T

Settling time

Firmware version <4 Max. 150 x A/D converter cycle time

Firmware version 25 150 x X2X cycle time

The settling time corresponds to the time needed until the A/D converter can be operated after enabling synchro-
nous mode or following conversion of the A/D converter cycle time.
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1.1.2.12.5.4 A/D converter cycle time

Name:

ConfigCycletime01

This register is only used in Synchronous mode. If synchronous mode is enabled in the A/D converter configuration,
then the module attempts to operate the A/D converter as synchronously as possible to X2X Link (based on the
A/D converter cycle time set in this register). It is of course necessary for the X2X Link cycle time and the A/D
converter cycle time to have a certain ratio. The following conditions must be observed:

1) A/D converter cycle time = 1/4 X2X cycle time
2) A/D converter cycle time corresponds to a whole number factor or multiple of the X2X cycle time

3) A/D converter cycle time must be in the range 50 to 2000 us

Data type Value
UINT 50 to 2000
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1.1.2.12.5.5 A/D converter clock frequency shift

Name:
AdcCIkFreqShift01

In rare cases, strain gauge modules connected to neighboring slots can influence one another. This can result in
temporary, minimal deviations in measured values. This can only occur if the sigma-delta A/D converters on the
neighboring strain gauge modules are operated at exactly the same clock frequency.

In most cases, these clock frequencies vary slightly due to part variances. When they are the same however, this
register on the strain gauge module provides a safe way for an application to prevent this type of mutual influence.

Data type Value
SINT -128 to 127

This register can be used to vary the clock frequency in increments of 200 ppm. Setting values from -50 to 50 cover
a range of -10000 ppm to 10000 ppm. This corresponds with -1% to 1%.

Values beyond this range will cause activation of a default mode. The frequency shift is derived from the last 2 digits
of the serial number by the module firmware. This saves time that would otherwise be needed for programming,
provided that the last two digits of the serial numbers on the neighboring modules are not the same

Register value Frequency shift in ppm Example of a sampling rate?
127 ((SerialNo. modulo 100) - 50) * (-200) ppm Based on the serial number
51 ((SerialNo. modulo 100) - 50) * (-200) ppm Based on the serial number
50 10000 505
49 9800 504.9
2 400 500.2
1 200 500.1
0 0 500
-1 -200 499.9
-2 -400 499.8
-50 -10000 495
-51 ((SerialNo. modulo 100) - 50) * (-200) ppm Based on the serial number
-128 ((SerialNo. modulo 100) - 50) * (-200) ppm Based on the serial number
1) Nominal sampling rate of 500 samples per second

Important:

As shown in the table above, shifting the A/D converter clock frequency will equally shift the A/D converter sam-
pling rate. Shifting the A/D converter clock frequency too much can cause problems with disturbance suppression
particularly when a very specific sampling rate has been defined to suppress existing disturbances (e.g. 50 Hz to
suppress the 50 Hz hum). See also "Filter characteristics of the sigma-delta A/D converter" on page 39.

It's situations like this where the option to manually shift the frequency in the I/O configuration or ASIOACC library
should be utilized rather than relying on the default frequency shift that is based on the serial number.

A frequency shift like the one shown below would be sufficient to prevent modules from influencing one another
and would not cause any noticeable difference to the filter characteristics.

Slot 1 2 3 4 5 6
A/D converter clock frequency shift 0 2 -1 1 -2 0
Information:

* This register has no effect in synchronous mode because the firmware regulates the A/D con-
verter clock frequency in such a way that the A/D converter cycle is synchronous with the X2X
cycle.

*  When writing to this register using the ASIOACC library, only the lowest value byte of the written
value is accepted. For example, the value 256 (=0x100) is identical to the value 0 (=0x00).
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1.1.2.12.6 Register for "Function model 1 - Multisampling”

1.1.2.12.6.1 Module status

Name:
Statuslnput01

This register contains the current state of the module.

Data type Values
USINT See the bit structure.

Bit structure:

Bit Description Value Information
0 A/D converter values 0 Valid A/D converter value
1 Invalid A/D converter value
1 Line monitoring 0 OK
1 Open circuit

An open circuit was found during at least one measurement in
this X2X cycle. This bit is reset if all measurements are OK after
correcting this error, i.e. it does not have to be acknowledged.

2 Synchronous mode 0 A/D converter runs synchronous to X2X Link
1 A/D converter does not run synchronous to X2X Link
3-7 Reserved -

1.1.2.12.6.2 Strain gauge value - Multiple

Name:
Analoglnput01 to Analoginput10

This register contains the raw value determined by the A/D converter for the full-bridge strain gauge with 16-bit
resolution. The module returns between 3 and 10 measured values per X2X cycle depending on the configuration.

Effective resolution

In principle, the effective resolution of the A/D converter is dependent on the data rate and measurement range
(see "Effective resolution of the A/D converter" on page 40).

The following table shows how the effective resolution (in bits) or effective range of values of the strain gauge value
depend on the module configuration (data rate, measurement range):

1.1.2.12.6.3 A/D converter configuration

Name:
ConfigGain01_MultiSample

The measurement range for the A/D converter can be configured in this register.

Data type Values
USINT See the bit structure.

Bit structure:

Bit Description Value Information
0-2 Standard measurement range (bit 2 = 0) 000 16 mV/V
001 8 mV/V
010 4 mVIV
011 2 mVIV
Extended measurement range (bit 2 = 1)" 100 256 mV/V
101 128 mV/V
110 64 mV/V
111 32 mVIV
3-7 Reserved 0 (must be 0)

1) Firmware V4 and later. In the standard measurement range (2 to 16 mV/V), open-circuit detection works reliably at all adjustable data rates. In the extended
measurement range (32 to 256 mV/V), open-circuit detection does not work reliably (because of the variable input impedance of the amplifier in relation
to the set data rate).
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1.1.2.12.6.4 A/D converter cycle time

Name:
ConfigCycletime01_MultiSample
The A/D converter cycle time can be configured in this register.

In order for multisampling to work, the X2X cycle time must be divisible by the A/D converter cycle time to produce
a whole number.

Data type Value Information
USINT 0 50 ps (default)
1 100 ps
2 to 255 Reserved

1.1.2.12.6.5 Number of measured values

If the X2X cycle time is too short, then not all 10 measurements can be performed. To reduce the load on X2X Link,
it makes sense to only transfer as many values as measurements that can be made. This is why it is possible to
configure the number of measured values to be transferred (see "Function model 1 - Multisampling" on page 43).

Example: A/D converter cycle time = 50 us

X2X cycle time Number of measured values to be transferred
250 ps 5
300 ps
350 ps
400 ps
450 ps
2500 ps

©|o(N|O®

=
o

Example: A/D converter cycle time = 100 ps

X2X cycle time Number of measured values to be transferred
300 ps 3
400 ps
500 ps
600 ps
700 ps
800 ps
900 s
21 ms

©O|o(N|oO|o

=
o
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1.1.2.12.7 Minimum cycle time

The minimum cycle time specifies how far the bus cycle can be reduced without communication errors occurring.
It is important to note that very fast cycles reduce the idle time available for handling monitoring, diagnostics and
acyclic commands.

Minimum cycle time
250 ps

1.1.2.12.8 Minimum |/O update time
The minimum 1/O update time specifies how far the bus cycle can be reduced so that an I/O update is performed
in each cycle.

There is no limitation or basic dependency on the bus cycle time. In function model "0 - Standard", the I/O update
time is defined using registers "ConfigOutputO1" on page 46 and "ConfigCycletime01" on page 47.

Depending on the setting in register "ConfigCycletime01_MultiSample" on page 50, the I/O update time in function
model "1 - Multiple sampling" is 50 or 100 ps.
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1.2 X20(c)AI1744-3

This data sheet describes 2 module revisions. The module revision is laser-marked on the side of the module.
Select the desired module revision from the following table to view its description.

Module Revision Page
X20Al11744-3 2G0 52
X20cAl1744-3 All

X20Al11744-3 <G0 82

1.2.1 X20(c)AI1744-3 with Rev. 2G0
1.2.1.1 General information

This module works with both 4-wire and 6-wire strain gauge load cells. The concept applied by the module re-
quires compensation in the measurement system. This compensation eliminates the absolute uncertainty in the
measurement circuit, such as component tolerances, effective bridge voltage or zero point offset. The measure-
ment precision refers to the absolute (compensated) value, which will only change as a result of changes in the
operating temperature.

» 1 full-bridge strain gauge input

» Data output rate configurable from 0.1 Hz to 7.5 kHz

» Special operating modes (synchronous mode and multiple sampling)

» Configurable filter level

1.2.1.2 Coated modules

Coated modules are X20 modules with a protective coating for the electronics component. This coating protects
X20c modules from condensation and corrosive gases.
The modules' electronics are fully compatible with the corresponding X20 modules.

For simplification purposes, only images and module IDs of uncoated modules are used in this data
sheet.

The coating has been certified according to the following standards:

» Condensation: BMW GS 95011-4, 2x 1 cycle
» Corrosive gas: EN 60068-2-60, method 4, exposure 21 days

1.2.1.2.1 Starting temperature

The starting temperature describes the minimum permissible ambient temperature in a voltage-free state at the
time the coated module is switched on. This is permitted to be as low as -40°C. During operation, the conditions
as specified in the technical data continue to apply.

Information:

It is important to absolutely ensure that there is no forced cooling by air currents in the closed control
cabinet, e.g. due to the use of a fan or ventilation slots.
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1.2.1.3 Order data

Analog input modules < X20(c)Al1744-3

Order number

Short description Figure

Analog inputs

X20AI1744-3

X20 analog input module, 1 full-bridge strain gauge input, 24-bit
converter resolution, 5 Hz input filter

X20cAl1744-3

X20 analog input module, coated, 1 full-bridge strain gauge in-
put, 24-bit converter resolution, 5 Hz input filter

Required accessories

Bus modules

X20BM11 X20 bus module, 24 VDC keyed, internal /O power supply con-
nected through

X20BM15 X20 bus module, with node number switch, 24 VDC keyed, in-
ternal 1/O power supply connected through

X20cBM11 X20 bus module, coated, 24 VDC keyed, internal I/O power sup-
ply connected through
Terminal blocks

X20TB12 X20 terminal block, 12-pin, 24 VDC keyed

Table 11: X20Al11744-3, X20cAl1744-3 - Order data

1.2.1.4 Technical data

Order number X20A11744-3 X20cAl1744-3
Short description
1/0 module 1 full-bridge strain gauge input
General information
B&R ID code OxA4EF | 0xEBOO
Status indicators Channel status, operating status, module status
Diagnostics |

Module run/error Yes, using status LED and software

Open circuit Yes, using status LED and software

Input Yes, using status LED and software
Power consumption

Bus 0.01 W

Internal 1/0 0.5W
Additional power dissipation caused by actuators Max. +0.36 "
(resistive) [W]
Certifications |

CE Yes

ATEX Zone 2, 1 3G ExnANnC IIAT5 Ge

IP20, Ta (see X20 user's manual)
FTZU 09 ATEX 0083X
uL cULus E115267
Industrial control equipment
HazlLoc cCSAus 244665
Process control equipment
for hazardous locations
Class |, Division 2, Groups ABCD, T5
EAC Yes
KC Yes -

Full-bridge strain gauge

Strain gauge factor

2 to 256 mV/V, configurable using software

Connection

4- or 6-wire connections 2

Input type

Differential, used to evaluate a full-bridge strain gauge

Digital converter resolution

24-bit

Conversion time

Depends on the configured data output rate

Data output rate

0.1 - 7500 samples per second, configurable using software (foara)

Input filter

Cutoff frequency 5Hz

Order 3

Slope 60 dB
ADC filter characteristics Sigma-delta, see section "Filter characteristics of the sigma-delta A/D converter"
Operating range / Measurement sensor 85 to 5000 Q

Influence of cable length 3

See section "Calculation example".

Input protection

RC protection

Common-mode range

0to 3VDC
Permissible input voltage range (with regard to the poten-
tial strain gauge GND) on the inputs "Input +" and "Input -"

Isolation voltage between input and bus

500 Vg

Conversion procedure

Sigma-delta

Table 12: X20Al1744-3, X20cAl1744-3 - Technical data
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Order number

X20A11744-3 X20cAl1744-3

Output of digital value

Broken bridge supply line
Broken sensor line
Valid range of values

Value approaches 0

Value approaching tend value (status bit "Line status monitoring" is set in register "Module status")

0xFF800001 to 0x007FFFFF (-8,388,607 to 8,388,607)

Strain gauge supply

Voltage
Short-circuit and overload resistant
Voltage drop for short-circuit protection

5.5 VDC / max. 65 mA
Yes
Max. 0.2 VDC at 65 mA and 25°C

Quantization 4

LSB value (16-bit)

2mV/V 336 nV
4 mVIV 671 nV
8 mV/V 1.343 uv
16 mV/V 2.686 pv
32mVIV 5.371 pv
64 mV/V 10.74 pv
128 mV/V 21.48 pv
256 mV/V 42.97 pyv
LSB value (24-bit)
2mViV 1.31nV
4 mVIV 2.62 nV
8 mV/V 5.25nV
16 mV/V 10.49 nV
32 mV/V 20.98 nV
64 mV/V 41.96 nV
128 mV/V 83.92 nV
256 mV/V 167.85 nV
Temperature coefficient
Rev. 2EQ 10 ppm/°C -
Rev. <EO 30 ppm/°C -
Max. gain drift 12 ppm/°C ®
Max. offset drift 2 ppm/°C 9
Nonlinearity <10 ppm ©

Electrical properties

Electrical isolation

Bus isolated from analog input and strain gauge supply voltage
Channel not isolated from 1/O power supply

Operating conditions

Mounting orientation

Horizontal Yes
Vertical Yes
Installation elevation above sea level |
0 to 2000 m No limitations
>2000 m Reduction of ambient temperature by 0.5°C per 100 m
Degree of protection per EN 60529 1P20
Ambient conditions
Temperature |
Operation |
Horizontal mounting orientation -25t0 60°C
Vertical mounting orientation -25 to 50°C
Derating See section "Hardware configuration”
Starting temperature - | Yes, -40°C
Storage -40 to 85°C
Transport -40 to 85°C
Relative humidity |
Operation 5 to 95%, non-condensing | Up to 100%, condensing
Storage 5 to 95%, non-condensing
Transport 5 to 95%, non-condensing

Mechanical properties

Note Order 1x terminal block X20TB12 separately Order 1x X20TB12 terminal block separately
Order 1x bus module X20BM11 separately Order 1x X20cBM11 bus module separately
Pitch 12.5*02mm

Table 12: X20Al1744-3, X20cAl1744-3 - Technical data

1) Depends on the full-bridge strain gauge being used.
2) With 6-wire connections, line compensation does not function (see section "Connection examples").

3) Sensor cable with twisted and shielded conductors, cable length as short as possible, cable routing separate from load circuits, without intermediate terminal

to the sensor.
4) Quantization depends on the strain gauge factor.
5) Based on the current measured value.
6) Based on the entire measurement range.
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1.2.1.5 LED status indicators

For a description of the various operating modes, see section "Additional information - Diagnostic LEDs" in the
X20 system user's manual.

Figure LED Color Status Description
r Green Off No power to module
Single flash RESET mode
- tl Double flash | BOOT mode (during firmware update)
[— Blinking PREOPERATIONAL mode
= On RUN mode
e Red Off No power to module or everything OK
On Error or reset status
1 Green Off Possible causes:
«  Open circuit
* Sensor is disconnected
*  Converter is busy
On Analog/digital converter running, value OK

1) Depending on the configuration, a firmware update can take up to several minutes.

1.2.1.6 Pinout

SGVCC - sGvec
SGVCe ~ sGvce
Input + < lnput+ |
Input - ~ nput- |
SG GND © SGGND

SG GND

1.2.1.7 Connection examples

Full-bridge strain gauge with 4-wire connections

Full-bridge strain gauge

+24 VDC
GND

+24 VDC
GND
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Full-bridge strain gauge with 6-wire connections

Full-bridge strain gauges can be connected to this module with 6-wire connections. Line compensation is not
supported by the module, however. The sense lines are short circuited by the internally connected strain gauge
VCC and GND connections (see "Input circuit diagram" on page 57). The measurement precision is therefore
affected by changes in operating temperature. Longer cable lengths and smaller cable cross sections also increase
the potential for errors in the measurement system.

In order to reduce cable resistance, the sense lines should be connected in parallel with the strain gauge supply
lines. Optimal signal quality can be obtained by using a shielded twisted pair cable. The connections for the strain
gauge supply lines, the sensor lines and the bridge differential voltage lines should each use one twisted pair cable.

A

*]

Full-bridge strain gauge
i

+U k*U sense

|

L\{L Sense
I

|

% 0 0 00

O
O
O
O
O\
O\

o

+24 VDC
GND

A A
o
v Yy
+
N
N
<
o
(@]

Parallel connection of 2 full-bridge strain gauges (4-wire connections)

If connecting the full-bridge strain gauges in parallel, the manufacturer's guidelines must be observed.

Al
O O
o1 O
O O
O O
o o
ip O\P
+24 VDC <« l— » +24 VDC
GND « » GND

When connecting 3 or more full-bridge strain gauges in parallel, 2 lines must be connected together in an X20
terminal block.
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1.2.1.8 Input circuit diagram

Ustrain gauge

SG GND

r
SGVCC 1
i
SGVCC | o
R
.
P
Input + i O T
b = AID
: : Anti-aliasing filter converter Local
Input- ! o 5Hz/60dB processor port
i 97
P
SGGND ! o~
: ! Reference Reference
i
i

[

Strain gauge

1.2.1.9 Effective resolution of the A/D converter

The A/D converter on the module provides a 24-bit measured value. The actual attainable noise-free resolution is
always less than 24-bit, however. This "effective resolution" depends on the data rate and measurement range.
Example:

Based on the conversion method, a data rate of 2.5 Hz and a specified measurement range of 2 mV/V result in
an effective resolution of17.4 bits:

EENN AR EARRERNR A NAnnEn

The low-order bits (grayed out) contain only noise instead of valid values and are therefore not permitted to be
evaluated.

With "Function model 1 - Multisampling”, only the highest 16 bits are made available.
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1.2.1.10 Calculation example

The following example shows the influence of the length of the measuring cable on the bridge voltage of the module
and the quantization calculated with it.

1.2.1.10.1 Bridge voltage

Although the measuring bridge must be adjusted with the module, the cable length has an influence on the accuracy
of the measurement. The reason for this is the voltage drop on the power supply lines of the measuring bridge. As
a result, the strain gauge supply voltage at the measuring bridge no longer amounts to the full 5.5 V. The reduced
bridge voltage also has an effect on the quantization.

Example

Characteristics of the measuring device used:

* Full-bridge strain gauge with 4-wire connections
. m )
Q-mm2

Material-dependent conductivity of the cable (copper: 12

» Cross section of the cable: 22 AWG = 0.34 mm?
* Length of the cable: 5 m

* Nominal current of the measuring bridge: 15 mA
» Bridge voltage of the module: 5.5V

Actual bridge voltage taking the voltage drop on the measuring line into account:

2-5m
5V -
> 12 =+ 0.34mm

- . 0.015A = 5.463 V

The quantization must be calculated using the actual calculated bridge voltage (see "Quantization" on page 59).
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1.2.1.10.2 Quantization

In a weighing application, the corresponding weight located on the connected load cell should be determined from
the value derived from the module.

Example
The characteristics of the strain gauge load cell are as follows:
* Rated load: 1000 kg

» Strain gauge factor: 4 mV/V
» Actual bridge voltage: 5.463 V

Maximum quantization:
Multiplying the bridge factor of the strain gauge load cell with the bridge supply voltage from the module results in
the value for the positive full-scale deflection at a specified rated load of 1000 kg:

4mVIV-55V=22mV

Actual quantization:

Taking the voltage drop on the measuring line into account, the actual bridge voltage is 5.463 V (for the calculation,
see section "Bridge voltage" on page 58). If this voltage is multiplied by the strain gauge factor of 4 mV/V, the
following actual quantization results:

4 mV/V -5463V =21.85mV
These 21.85 mVcorrespond to 99.3% of the maximum possible measurement range.

Information:

If the quantization decreases, the maximum possible effective resolution also decreases (see "Effective
resolution of the A/D converter" on page 57).

With a simple Rule of Three calculation, the corresponding value can be calculated (as seen in the table) from
weight to the converter value and vice versa. This simplified theoretical approach is only valid for an ideal mea-
surement system. Calibration of the entire measurement system is recommended because not only the module,
but particularly the strain gauge bridges exhibit tolerances (offset, gain). When taring, the gradient offset is recal-
culated and the gain of the linear equation is determined when normalized. In addition to the calculation displayed
in the table, these calculations must also be carried out in the application.

24-bit value of the module Quantization Corresponding weight
0x007F FFFF 8,388,607 21.85 mV 1000 kg
0x0000 0001 1 2.61nV 0.119¢g
0x0000 20C3 8387 21.85 uyv 1kg
0x0001 0000 65536 170.7 pv 7.81 kg

The values for 1 LSB are also included in the module's technical data under item "Quantization" (1 LSB each for
16 bits and 24 bits).

59



Analog input modules < X20(c)Al1744-3

1.2.1.11 Filter characteristics of the sigma-delta A/D converter

Gain
>
>
D

4 x 8 x 12 x

DATA Frequency

16 x

20 x

24 x
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1.2.1.12 Software filters

2 filters are available for the analog input. They can be individually enabled and configured at runtime. By default,
both filters are disabled when the device is switched on. The filters are controlled and configured using "Function
model 2 - Extended filter".

In order to allow the filter behavior to be adapted to the measuring situation or machine cycle (high dynamics and
low precision or low dynamics and high precision), the filter characteristics of both the IIR low-pass filter as well

as the FIR filter can be changed synchronously at any time.

Filter diagram

Sigma-delta A/D converter

SPI
IF

Software

Raw value

Filter

Sinc5 filter

IIR
low-pass filter

A

FIR
filter

A

Analog value

Sigma-delta modulator

Analog input

1.2.1.12.1 lIR low-pass filter

1.2.1.12.1.1 General information

The IIR low-pass filter is used to generally smooth and increase the resolution of the analog value. The filter works

according to the following formula:

v a—Yod
y= yo|d 2Fi|ter level

X ...  Current filter input value
Yo --- Old filter output value
y ... New filter output value

Parameter "Filter level" in the formula above is configured using register "ConfigCommonOutput01" on page 79.

"Filter level" = 0 if the |IR low-pass filter is disabled.

1.2.1.12.1.2 Filter characteristics of the first-order IIR low-pass filter

Limit frequency f.

The following table provides an overview of the -3 dB limit frequency f. depending on the configured filter level.

Filter level Normalized f. f. [Hz] f. [Hz]
[l/O update rate] I/0 update rate = 15000/s 1/0O update rate = 20000/s
1 0.11476 1721.4 2295.2
2 0.046 690 920
3 0.02124 318.6 4248
4 0.01026 153.9 205.2
5 0.00504 75.6 100.8
6 0.0025 37.5 50
7 0.00124 18.6 24.8
8 0.00062 9.3 124
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Gain of the IIR low-pass filter
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Step response of the IIR low-pass filter

Analog input modules < X20(c)Al1744-3
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1.2.1.12.2 FIR filter

Like the IIR low-pass filter, the FIR filter can also be used to smooth out the signal and increase its resolution.
In addition, configuring the filter length accordingly makes it possible to target and efficiently filter out individual
interference frequencies. The source of these interference frequencies may be mechanical or electromagnetic.
Multiples of these are also filtered out (as long as they are a whole-number factor of the data output rate).

Example:
Data output rate = 15000 samples/s, averaging over 15 values — "Notch" at 1 kHz (2 kHz, etc.)

When reconfiguring the filter, it takes 1/data rate (FIR filter in mode "Selectable data rate") or 1/filter frequency (FIR
filter in mode"High-resolution data rate") until the filter is tuned. During tuning, bit 5 is set in register "StatusInput01"
on page 81.

1.2.1.12.2.1 Characteristics of the FIR filter in mode "Selectable data rate"

The following table applies to "Function model 0 - Standard" and "Function model 254 - Bus controller" as well as
for "Function model 2 - Extended filter" in mode "Selectable data rate".

/0 update rate [Hz] 1/0 update time [ms]
Set value Data rate (fpat) [HZ] fnoten [HZ] Function models Function model 2 Function models Function model 2
2 34 0 and 254 (mode "Selec- 0 and 254 (mode "Selec-
table data rate") table data rate")

0000 25 25 25 15000 400 0.0667
0001 5 5 5 15000 200 0.0667
0010 10 10 10 15000 100 0.0667
0011 15 15 15 15000 66.6667 0.0667
0100 25 25 25 15000 40 0.0667
0101 30 30 30 15000 33.3333 0.0667
0110 50 50 50 15000 20 0.0667
0111 60 60 60 15000 16.6667 0.0667
1000 100 100 100 15000 10 0.0667
1001 500 500 500 15000 2 0.0667
1010 1000 1000 1000 15000 1 0.0667
1011 2000 2000 2000 20000 0.5 0.05

1100 3750 3750 3750 15000 0.2667 0.0667
1101 7500 7500 7500 15000 0.1333 0.0667
1110 Reserved

1111 Reserved

1) Function model 0 and 254: Bits 0 to 3 of register "ConfigOutput01" on page 72

2) Function model 2: Bits 0 to 3 of register "ConfigDatarateOutput01" on page 33

3) Function models 0 and 254: Data rate = 1/Filter length [s] (fyoten) = I/O update rate
4) Function model 2: Data rate = 1/Filter length [S] (fyotcn)
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1.2.1.12.2.2 Characteristics of the FIR filter in mode "High-resolution data rate"

The following table applies to "Function model 2 - Extended filter".

Setpoint [0.1 Hz] " Data rate (fpaw) [HZ] froten [HZ] 1/0 update time [ps]
1 to 65535 Setpoint/ 10 = Data rate =50 ps 2

1) Setpoint from register "ConfigHighResolutionOutput01" on page 33
2) The value varies between 42 and 56 s (see also the next section "I/O update time")

I/O update time
The value of the I/0 update time depends on the setpoint and varies between 42 and 56 ps. The following formula
can be used to precisely calculate the 1/0O update time:

I/O update time = 1e6 - (1e-4 - 10 / (Setpoint - [10 / (5e-5 - Setpoint)]))

Legend: The square brackets in the formula above mean that the calculated value must be rounded to a whole
number.

The following image shows the I/O update time depending on the setpoint:

60 O r

58

110 update time [us]

40 C T T } T
0 10000 20000 30000 40000 50000 60000

Value set in the ,ConfigHighResolutionOutput01“ register [0.1 Hz]
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1.2.1.12.2.3 Examples for the gain of the FIR filter

Example 1
Filter setting = 10:

faoten = 1000 Hz
+ f,=439.3Hz

0

-20 ]
-40 3

60 4

IH(f) [dB)

-80 1

-100 1

ST Y0 A Y A A N N A
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

f[Hz]
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Example 2
Filter setting = 6:

° fNotch =50 Hz
« f.=21.8Hz

-20 4
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-120

500

1000

1500

2000

2500 3000 3500 4000 4500

f[Hz]

Detailed excerpt from the filter curve shown above:
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1.2.1.13 Hardware configuration
1.2.1.13.1 Hardware configuration for horizontal installation starting at 55°C ambient temperature
Operating a strain gauge module

Starting at an ambient temperature of 55°C, a dummy module must be connected to the left and right of the strain
gauge module in a horizontal mounting orientation.

Dummy module
This module
Dummy module

Operating multiple strain gauge modules side by side
If 2 or more horizontal strain gauge modules are being operated in a cluster, the following arrangement of modules
must be observed.

Dummy module
This module
Dummy module
This module
Dummy module
This module
Dummy module
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1.2.1.13.2 Hardware configuration for vertical installation starting at 45°C ambient temperature

Operating a strain gauge module

Starting at an ambient temperature of 45°C, a dummy module must be connected to the left and right of the strain

gauge module in a vertical mounting orientation.

Dummy module

This module

Dummy module

Operating multiple strain gauge modules side by side

If 2 or more vertical strain gauge modules are being operated in a cluster, the following arrangement of modules

must be observed.

Dummy module

This module

Dummy module

This module

Dummy module

This module

Dummy module

69



Analog input modules * X20(c)AlI1744-3
1.2.1.14 Register description
1.2.1.14.1 General data points

In addition to the registers described in the register description, the module has additional general data points.
These are not module-specific but contain general information such as serial number and hardware variant.
General data points are described in section "Additional information - General data points" in the X20 system user's
manual.

1.2.1.14.2 Function model 0 - Standard

Register Name Data type Read Write
Cyclic Acyclic Cyclic Acyclic

Analog signal - Configuration

16 ConfigOutputO1 (A/D converter configuration) USINT °

18 ConfigCycletime01 UINT .

32 AdcClkFreqShift01 USINT .
Analog signal - Communication

2 StatusInput01 USINT °

4 Analoglnput01 DINT .

1.2.1.14.3 Function model 1 - Multisampling

In this function model, the A/D converter is operated synchronously to X2X Link with a predefined A/D converter
cycle time. The value is configurable as 50 or 100 ps.

The module returns between 3 and 10 measured values per X2X cycle depending on the configuration. With an
X2X cycle time of 400 us and A/D converter cycle time of 50 us, exactly 8 measurements are performed and the
module can return 8 values (strain gauge value 01 to strain gauge value 08).

If a longer cycle time is used, the values returned correspond to the last measurements. If using an X2X cycle time
that is not a whole number multiple of the A/D converter cycle time, then the conversion cannot be synchronized
with X2X Link. In this case, the module outputs the invalid value 0x8000.

Example 1

If using an X2X cycle time of 800 ps, it is possible to perform 16 measurements per X2X cycle if the A/D converter
cycle time equals 50 ps. The first 6 measured values are discarded; the last 10 measured values are provided
by the module.

With a shorter X2X cycle time, the number of measured values should not exceed the number of measurements
that can actually be made. All other measured values are invalid (0x8000). To minimize the load on the X2X Link
network, it is possible to disable these unneeded registers (see "Number of measured values" on page 77).

Example 2

If using an X2X cycle time of 300 ps, it is possible to perform 6 measurements per X2X cycle if the A/D converter
cycle time equals 50 ys. For this reason, only the first 6 registers are valid. The registers for the 7th through 10th
measured value (Analoginput07 to Analoglnput10) should be disabled by setting Number of measured values to
"6 measured values" in the I/O configuration.

Register Name Data type Read Write
Cyclic Acyclic Cyclic Acyclic
Analog signal - Configuration
1601 ConfigGain01_MultiSample USINT .
1603 ConfigCycletime01_MultiSample USINT .
Analog signal - Communication
2 StatusInput01 USINT °
1534 + N * 4 | AnaloglnputON (N = 1 to 10) INT .
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1.2.1.14.4 Function model 2 - Extended filter

Analog input modules * X20(c)AlI1744-3

This function model allows the IIR low-pass filter and the FIR filter to be enabled.

Register Name Data type Read Write
Cyclic | Acyclic Cyclic Acyclic
Analog signal - Configuration
272 ConfigCommonOQOutput01 USINT .
(A/D converter and IIR filter configuration)
288 ConfigFilterOutput01 UINT .
273 ConfigDatarateOutput01 USINT
274 ConfigHighResolutionOutput01 UINT
Analog signal - Communication
2 StatusInput01 USINT .
4 Analoglnput01 DINT .
256 AdcConvTimeStamplinput01 DINT .

1.2.1.14.5 Function model 254 - Bus controller

In function model "254 - Bus controller", the module behaves as it does in "Function model 0 - Standard" with
the exception that it is not synchronized to the X2X Link network even if synchronous mode is enabled in register
"ConfigOutput01" on page 72. Instead, the module behaves as if the set A/D converter cycle time is not a factor
or multiple of the X2X cycle time and attempts to maintain the set A/D converter cycle time as precisely as possible.

Register Offset" Name Data type Read Write
Cyclic | Acyclic Cyclic | Acyclic

Analog signal - Configuration

16 0 ConfigOutputO1 (A/D converter configuration) USINT .

18 18 ConfigCycletime01 UINT .

32 32 AdcClkFreqShift01 USINT .
Analog signal - Communication

2 4 Statusinput01 USINT °

4 0 Analoglnput01 DINT .

1) The offset specifies the position of the register within the CAN object.
1.2.1.14.5.1 Using the module on the bus controller

Function model 254 "Bus controller" is used by default only by non-configurable bus controllers. All other bus
controllers can use other registers and functions depending on the fieldbus used.

For detailed information, see section "Additional information - Using 1/0O modules on the bus controller" in the X20
user's manual (version 3.50 or later).

1.2.1.14.5.2 CAN 1/O bus controller

The module occupies 1 analog logical slot on CAN 1/0.
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1.2.1.14.6 Registers for function models "0 - Standard” and "254 - Bus controller”

1.2.1.14.6.1 A/D converter configuration

Name:
ConfigOutput01
The data rate and measurement range of the A/D converter can be configured in this register.
Data type Values Bus controller default setting
USINT See bit structure. 13
Bit structure:
Bit Description Value Information
0-3 Data rate foara (Samples per second): 0000 2.5
0001 5
0010 10
0011 15
0100 25
0101 30
0110 50
0111 60
1000 100
1001 500
1010 1000
1011 2000
1100 3750
1101 7500 (bus controller default setting)
1110 Synchronous mode
1111 Reserved
4-6 Standard measurement range (bit 6 = 0) 000 16 mV/V (bus controller default setting)
001 8 mV/V
010 4 mvVIvV
011 2 mVIiv
Extended measurement range (bit 6 = 1) 100 256 mV/V
101 128 mV/V
110 64 mV/V
111 32 mviv
7 Reserved 0 (must be 0)

Synchronous mode

The module's analog/digital converter (A/D converter) can optionally be operated and read synchronously to the
X2X Link network. Synchronous mode is enabled by selecting the respective operating mode in register "Con-
figOutput01" on page 72. A time between 200 and 2000 ps must be set in register "ConfigCycletime01" on page
73 for this. If this time is a whole number factor or multiple of the configured cycle time of X2X Link, then the
A/D converter is read synchronously to X2X Link.

Information:
The A/D converter cycle time must be 21/4 of the X2X cycle time!
Bit 2 in Module status is set (i.e. A/D converter not running synchronously)...

+ ... If the configured A/D converter cycle time cannot be synchronized with X2X Link.
+ ... If the module is still in the settling phase.

Jitter, dead time and settling time:

Jitter
A/D converter cycle times <1500 ps Max. +1 ps
A/D converter cycle times >1500 ps Max. +4 us
X2X link dead time X2X cycle time
50 ps + — s
Settling time 150 x X2X cycle time

The settling time corresponds to the time needed until the A/D converter can be operated after enabling synchro-
nous mode or following conversion of the A/D converter cycle time.
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1.2.1.14.6.2 A/D converter cycle time

Name:
ConfigCycletime01

This register is only used in Synchronous mode. If synchronous mode is enabled in the A/D converter configuration,
then the module attempts to operate the A/D converter as synchronously as possible to the X2X Link network
(based on the A/D converter cycle time set in this register). It is of course necessary for the X2X Link cycle time
and the A/D converter cycle time to have a certain ratio. The following conditions must be observed:

Analog input modules * X20(c)AlI1744-3

1) A/D converter cycle time = 1/4 X2X cycle time
2) A/D converter cycle time corresponds to a whole number factor or multiple of the X2X cycle time
3) A/D converter cycle time must be in the range 50 to 2000 us

Data type Values

Information

UINT

50 to 2000

Bus controller default setting: 400
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1.2.1.14.6.3 A/D converter clock frequency shift

Name:
AdcCIkFreqShift01

In rare cases, strain gauge modules connected to neighboring slots can influence one another. This can result in
temporary, minimal deviations in measured values. This can only occur if the sigma-delta A/D converters on the
neighboring strain gauge modules are operated at exactly the same clock frequency.

In most cases, these clock frequencies vary slightly due to part variances. When they are the same however, this
register on the strain gauge module provides a safe way for an application to prevent this type of mutual influence.

Information
Bus controller default setting: 127

Values
-128 to 127

Data type
SINT

This register can be used to vary the clock frequency in increments of 200 ppm. Setting values from -50 to 50 cover
a range of -10000 ppm to 10000 ppm. This corresponds with -1% to 1%.

Values beyond this range will cause activation of a default mode. The frequency shift is derived from the last 2 digits
of the serial number by the module firmware. This saves time that would otherwise be needed for programming,

provided that the last two digits of the serial numbers on the neighboring modules are not the same

Register value Frequency shift in ppm Example of a sampling rate?
127 ((SerialNo. modulo 100) - 50) * (-200) ppm Based on the serial number
51 ((SerialNo. modulo 100) - 50) * (-200) ppm Based on the serial number
50 10000 505
49 9800 504.9
2 400 500.2
1 200 500.1
0 0 500
-1 -200 499.9
-2 -400 499.8
-50 -10000 495
-51 ((SerialNo. modulo 100) - 50) * (-200) ppm Based on the serial number
-128 ((SerialNo. modulo 100) - 50) * (-200) ppm Based on the serial number
1) Nominal sampling rate of 500 samples per second

Important:

As shown in the table above, shifting the A/D converter clock frequency will equally shift the A/D converter sam-
pling rate. Shifting the A/D converter clock frequency too much can cause problems with disturbance suppression
particularly when a very specific sampling rate has been defined to suppress existing disturbances (e.g. 50 Hz to
suppress the 50 Hz hum). See also "Filter characteristics of the sigma-delta A/D converter" on page 60.

It is situations like this where the option to manually shift the frequency in the I/O configuration or ASIOACC library
should be utilized rather than relying on the default frequency shift that is based on the serial number.

A frequency shift like the one shown below would be sufficient to prevent modules from influencing one another
and would not cause any noticeable difference to the filter characteristics.

Slot 1 2 3 4 5 6
A/D converter clock frequency shift 0 2 -1 1 -2 0
Information:

* This register has no effect in synchronous mode because the firmware regulates the A/D con-
verter clock frequency in such a way that the A/D converter cycle is synchronous with the X2X
cycle.

*  When writing to this register using the ASIOACC library, only the lowest value byte of the written
value is accepted. For example, the value 256 (=0x100) is identical to the value 0 (=0x00).
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1.2.1.14.6.4 Module status

Name:

Statusinput01

The current state of the module is indicated in this register.

Analog input modules < X20(c)Al1744-3

Data type

Values

USINT

See the bit structure.

Bit structure:

Bit Description Value Information
0 A/D converter value 0 Valid A/D converter value
1 Invalid A/D converter value (analog value = 0xFF800000). Pos-
sible causes:
«  Strain gauge supply error
* 1/O power supply error
«  A/D converter not (yet) configured
1 Line monitoring 0 Ok
1 Open circuit
2 Only valid in synchronous mode 0 A/D converter runs synchronous to X2X Link
1 A/D converter does not run synchronous to X2X Link
3-7 Reserved -
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1.2.1.14.6.5 Strain gauge value

Name:
Analoglnput01

This register contains the raw value determined by the A/D converter for the full-bridge strain gauge with 24-bit
resolution.

Data type Values Information
DINT -8,388,608 Negative invalid value
-8,388,607 Negative full-scale deflection / Underflow
-8,388,606 to 8388606 Valid range
8,388,607 Positive full-scale deflection / Overflow / Open circuit

Effective resolution

In principle, the effective resolution of the A/D converter is dependent on the data rate and the measurement range
(see "Effective resolution of the A/D converter" on page 57).

The following table shows how the effective resolution (in bits) or effective range of values of the strain gauge value
depend on the module configuration (data rate, measurement range):

Measurement range
+16 mV/V +8 mV/V *4 mV/IV *2 mVIV
Data rate Bits Range of Bits Range of Bits Range of Bits Range of values
foara [HZ] values values values
2.5 19.9 +489,000 19.1 +281,000 18.0 +131,000 17.4 +86,500
5 19.4 +346,000 18.2 +151,000 17.5 +92,700 16.4 143,200
10 18.5 +185,000 17.8 +114,000 16.8 157,100 15.9 +30,600
15 18.2 +151,000 17.3 +80,700 16.4 +43,200 15.4 +21,600
25 17.8 +114,000 16.9 161,100 16.0 +32,800 14.9 +15,300
30 17.8 +114,000 16.8 157,100 15.9 +30,600 14.8 +14,300
50 17.4 +86,500 16.3 +40,300 15.4 +21,600 14.4 +10,800
60 17.4 +86,500 16.2 +37,600 15.3 +20,200 141 48,780
100 16.9 161,100 15.9 +30,600 14.8 +14,300 13.8 +7,130
500 15.5 123,200 14.5 +11,600 135 15,790 12.5 +2,900
1000 15.0 +16,400 14.1 +8,780 13.1 14,390 11.9 +1,910
2000 14.5 +11,600 13.4 +5,400 12.6 +3,100 11.4 +1,350
3750 14.1 18,780 13.1 +4,390 12.1 +2,190 11.1 +1,100
7500 13.8 +7,130 12.7 +3,330 11.8 +1,780 10.6 776

Table 13: Effective resolution of the strain gauge value in bits for the measurement range 2 to 16 mV/V

Measurement range

256 mV/V 128 mV/V 64 mV/V *32 mVIV
Data rate Bits Range of Bits Range of Bits Range of Bits Range of values
foara [HZ] values values values

2.5 22.0 +2,100,000 22.0 +2,100,000 21.2 +1,200,000 20.5 +741,000
5 21.7 41,700,000 214 +1,380,000 20.8 +913,000 20.3 +645,000
10 20.8 +913,000 20.8 +913,000 20.2 +602,000 19.4 +346,000
15 20.7 +852,000 20.5 +741,000 19.9 +489,000 19.3 +323,000
25 20.1 562,000 19.9 +489,000 19.7 +426,000 18.9 +245,000
30 19.9 +489,000 19.9 +489,000 19.4 +346,000 18.8 +228,000
50 19.8 +456,000 19.2 +301,000 19.2 +301,000 18.2 +151,000
60 19.5 +371,000 19.2 +301,000 19.0 +262,000 18.2 +151,000
100 19.0 +262,000 18.8 +228,000 18.5 +185,000 17.6 199,300
500 17.8 +114,000 17.5 +92,700 171 +70,200 16.4 +43,200
1000 17.2 +75,300 17.1 +70,200 16.7 +53,200 15.8 +28,500
2000 16.7 153,200 16.5 +46,300 16.1 +35,100 15.2 +18,800
3750 16.2 +37,600 16.1 +35,100 15.8 +28,500 14.9 +15,300
7500 15.9 +30,600 15.8 +28,500 15.3 +20,200 14.6 +12,400

Table 14: Effective resolution of the strain gauge value in bits for the measurement range 32 to 256 mV/V
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1.2.1.14.7 Register for "Function model 1 - Multisampling”

1.2.1.14.7.1 A/D converter configuration

Name:
ConfigGain01_MultiSample

Analog input modules * X20(c)AlI1744-3

The measurement range for the A/D converter can be configured in this register.

Data type Values

USINT See the bit structure.

Bit structure:

Bit Description Value Information
0-2 Standard measurement range (bit 2 = 0) 000 16 mV/V
001 8 mV/V
010 4 mVIV
011 2mVIV
Extended measurement range (bit 2 = 1) 100 256 mV/V
101 128 mV/V
110 64 mV/V
1M1 32 mVIV
3-7 Reserved 0 (must be 0)

1.2.1.14.7.2 A/D converter cycle time

Name:
ConfigCycletime01_MultiSample

The A/D converter cycle time can be configured in this register.

In order for multisampling to work, the X2X cycle time must be divisible by the A/D converter cycle time to produce

a whole number.

Data type Value Information
USINT 0 50 ps (default)
1 100 ps
2 to 255 Reserved

1.2.1.14.7.3 Number of measured values

If the X2X cycle time is too short, then not all 10 measurements can be performed. To reduce the load on X2X Link,
it makes sense to only transfer as many values as measurements that can be made. This is why it is possible to
configure the number of measured values to be transferred (see "Function model 1 - Multisampling" on page 70).

Example: A/D converter cycle time = 50 us

X2X cycle time Number of measured values to be transferred
250 ps 5
300 ps 6
350 ps 7
400 ps 8
450 ps 9
2500 ps 10

Example: A/D converter cycle time = 100 ps

X2X cycle time

Number of measured values to be transferred

300 ps

3

400 ps

500 pis

600 ps

700 ps

800 ps

900 pis

©O|o(N|O|o

21 ms

=
o
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1.2.1.14.7.4 Module status

Name:

Statusinput01

This register contains the current state of the module.

Data type

Values

USINT

See the bit structure.

Bit structure:

Bit Description Value Information
0 A/D converter values 0 Valid A/D converter value
1 Invalid A/D converter value
1 Line monitoring 0 OK
1 Open circuit
An open circuit was found during at least one measurement in
this X2X cycle. This bit is reset if all measurements are OK after
correcting this error, i.e. it does not have to be acknowledged.
2 Synchronous mode 0 A/D converter runs synchronous to X2X Link
1 A/D converter does not run synchronous to X2X Link
3-7 Reserved -

1.2.1.14.7.5 Strain gauge value - Multiple

Name:

Analoglnput01 to Analoglnput10

This register contains the raw value determined by the A/D converter for the full-bridge strain gauge with 16-bit
resolution. The module returns between 3 and 10 measured values per X2X cycle depending on the configuration.

Effective resolution

In principle, the effective resolution of the A/D converter is dependent on the data rate and measurement range
(see "Effective resolution of the A/D converter" on page 57).

The following table shows how the effective resolution (in bits) or effective range of values of the strain gauge value
depend on the module configuration (data rate, measurement range).

Measurement range
+16 mV/V +8 mV/V *4 mVIV 2 mVIV
Bits Range of values Bits Range of values Bits Range of values Bits Range of values
13.4 15,240 12.3 42,510 11.3 +1,300 10.3 +630
Table 15: Effective resolution of the strain gauge value in bits for the measurement range 2 to 16 mV/V
Measurement range
+256 mV/V +128 mV/V +64 mV/V +32 mV/V
Bits Range of values Bits Range of values Bits Range of values Bits Range of values
15.5 +23,200 15.0 +16,400 15.0 +16,400 141 +8,490

Table 16: Effective resolution of the strain gauge value in bits for the measurement range 32 to 256 mV/V
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1.2.1.14.8 Register for "Function model 2 - Extended filter"

1.2.1.14.8.1 A/D converter and IIR filter configuration

Name:
ConfigCommonOutput01

The IIR low-pass filter and measurement range of the A/D converter can be configured in this register.

Data type Values

USINT See the bit structure.

Bit structure:

Bit Description Value Information
Filter level
0-3 IIR low-pass filter 0000 0: lIR low-pass filter switched off
0001 1
0010 2
0011 3
0100 4
0101 5
0110 6
0111 7
1000 8
1001 - 1111 | The analog input value indicates an invalid range.
4-6 Default measurement range 000 16 mV/V
001 8 mV/V
010 4 mVIV
011 2mVIV
Extended measurement range 100 256 mV/V
101 128 mV/V
110 64 mV/V
11 32 mVIV
7 Reserved 0 (must be 0)
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1.2.1.14.8.2 Data rate configuration

Name:

ConfigFilterOutput01

Whether a selectable data rate or a high-resolution data rate is being used for the FIR filter is configured in this

register.
Data type Values Information
UINT 0 Mode "Selectable data rate":
A selectable data rate is used for the FIR filter (default). Configuration takes place in register
"ConfigDatarateOutput01" on page 33.
1 Mode "High-resolution data rate":
A high-resolution data rate is used for the FIR filter. Configuration takes place in register "Con-
figHighResolutionOutput01" on page 33.
Name:

ConfigDatarateOutput01
The data rate of the FIR filter in mode "Selectable data rate" is configured in this register.

Data type

Values

USINT

See the bit structure.

Bit structure:

Bit Description Value Information
0-3 Data rate fpara (Samples per second): 0000 25

0001 5

0010 10

0011 15

0100 25

0101 30

0110 50

0111 60

1000 100

1001 500

1010 1000

1011 2000

1100 3750

1101 7500

1110 - 1111 | The analog input value indicates an invalid range.
4-7 Reserved 0 (must be 0)
Name:

ConfigHighResolutionOutput01
The data rate of the FIR filter in 0.1 Hz steps is configured in this register (0.1 to 6553.5 Hz).

Data type Values Information
UINT 0 Disables the FIR filter
1 to 65,535 0.1 to 6553.5 Hz
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1.2.1.14.8.3 Module status

Name:
Statusinput01

This register contains the current state of the module. If there is a fault in the module power supply or strain gauge
supply, the analog input value indicates an invalid range and the buffer of the enabled filter is reset.

Data type Values
USINT See the bit structure.

Bit structure:

Bit Description Value Information
0 A/D converter values 0 Valid A/D converter value
1 Invalid A/D converter value
1 Line monitoring 0 OK
1 Open circuit
2 Reserved -
3 Module power supply 0 OK
1 Error in module power supply
4 Strain gauge supply 0 OK
1 Error in strain gauge supply
5 FIR filter ready 0 OK
1 FIR filter not yet ready
6-7 Reserved -

1.2.1.14.8.4 A/D converter conversion timestamp

Name:
AdcConvTimeStamplnput01

This register holds the timestamp of the last analog conversion. This is always the point in time in [us] at which the
conversion of the latest A/D converter raw value is completed.

Data type Values Explanation
DINT -2,147,483,648 to 2,147,483,647 Timestamp [us] of the last analog conversion

1.2.1.14.9 Minimum cycle time

The minimum cycle time specifies how far the bus cycle can be reduced without communication errors occurring.
It is important to note that very fast cycles reduce the idle time available for handling monitoring, diagnostics and
acyclic commands.

Minimum cycle time
250 ys

1.2.1.14.10 Minimum I/O update time
The minimum 1/O update time specifies how far the bus cycle can be reduced so that an I/O update is performed
in each cycle.

For the I/O update times for function models "0 - Standard", "2 - Extended filter" and "254 - Bus controller", see
section "Characteristics of the FIR filter in mode "Selectable data rate" on page 64.

Depending on the setting in register "ConfigCycletime01_MultiSample" on page 77, the 1/O update time in
"Function model 1 - Multisampling" is 50 or 100 ps.
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1.2.2 X20AI1744-3 with Rev. <G0

1.2.2.1 General information

This module works with both 4-wire and 6-wire strain gauge load cells. The concept applied by the module re-
quires compensation in the measurement system. This compensation eliminates the absolute uncertainty in the
measurement circuit, such as component tolerances, effective bridge voltage or zero point offset. The measure-
ment precision refers to the absolute (compensated) value, which will only change as a result of changes in the
operating temperature.

+ 1 full-bridge strain gauge input

» Data output rate configurable from 2.5 Hz to 7.5 kHz

» Special operating modes (synchronous mode and multiple sampling)

1.2.2.2 Order data

Model number Short description

Analog inputs

X20 analog input module,1 full-bridge strain gauge input,24-bit
converter resolution,5 Hz input filter

Required accessories

Bus modules

X20 bus module, 24 VDC keyed, internal I/O power supply con-
tinuous

X20 bus module, with node number switch, 24 VDC keyed, in-
ternal I/O power supply connected through

Terminal blocks

X20 terminal block, 12-pin, 24 VDC keyed

Figure

X20AI1744-3

X20BM11

X20BM15

X20TB12

Table 17: X20Al1744-3 - Order data

1.2.2.3 Technical data

Product ID X20AI11744-3
Short description
1/0 module 1 full-bridge strain gauge input
General information
B&R ID code OxA4EF
Status indicators Channel status, operating status, module status
Diagnostics

Module run/error Yes, using status LED and software

Open circuit Yes, using status LED and software

Input Yes, using status LED and software
Power consumption

Bus 0.01 W

Internal 1/0 1.25W
Additional power dissipation caused by actuators Max. +0.36 "
(resistive) [W]
Certifications

CE Yes

KC Yes

EAC Yes

uL cULus E115267

Industrial control equipment
HazLoc cCSAus 244665
Process control equipment
for hazardous locations
Class |, Division 2, Groups ABCD, T5
ATEX Zone 2,11 3G ExnAnC IIA T5 Ge
IP20, Ta (§ee X20 user's manual)
FTZU 09 ATEX 0083X

Full-bridge strain gauge
Strain gauge factor 2 to 256 mV/V, configurable using software
Connection 4- or 6-wire connections 2
Input type Differential, used to evaluate a full-bridge strain gauge
Digital converter resolution 24-bit
Conversion time Depends on the configured data output rate

Table 18: X20Al1744-3 - Technical data
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Product ID X20Al11744-3
Data output rate 2.5 - 7500 samples per second, configurable using software (foara)
Input filter
Cutoff frequency 5Hz
Order 3
Slope 60 dB
ADC filter characteristics Sigma-delta, see section "Filter characteristics of the sigma-delta A/D converter"
Operating range / Measurement sensor 85 to 5000 Q

Influence of cable length

The shielded twisted pair cable should be as short as possible and run sepa-
rately to the sensor (isolated from load circuit) without intermediate terminals

Input protection

RC protection

Common-mode range

0to 3 VDC
Permissible input voltage range (with regard to the poten-
tial strain gauge GND) on the inputs "Input +" and "Input -"

Isolation voltage between input and bus

500 Ver

Conversion procedure

Sigma-delta

Output of digital value
Broken bridge supply line
Broken sensor line
Valid range of values

Value approaches 0
Value approaches tend value ("open circuit" status bit is set in the Module status register)
0xFF800001 to 0x007FFFFF (-8,388,607 to 8,388,607)

Strain gauge supply
Voltage
Short-circuit and overload resistant
Voltage drop for short-circuit protection

5.5 VDC / max. 65 mA 3
Yes
Max. 0.2 VDC at 65 mA

Quantization 4
LSB value (16-bit)

2mviv 336 nV
4 mVIV 671 nV
8 mV/V 1.343 pv
16 mV/V 2.686 pv
32 mV/V 5.371 pv
64 mV/V 10.74 pv
128 mV/V 21.48 pyv
256 mV/V 42.97 yv

LSB value (24-bit)
2 mV/V 1.31 nV
4 mVIV 2.62nV
8 mV/V 5.25nV
16 mV/vV 10.49 nV
32 mVIV 20.98 nV
64 mV/IV 41.96 nV
128 mV/V 83.92 nV
256 mV/V 167.85 nV

Temperature coefficient
Rev. 2E0 10 ppm/°C
Rev. <EOQ 30 ppm/°C

Electrical isolation

Bus isolated from analog input and strain gauge supply voltage
Channel not isolated from 1/O power supply

Operating conditions

Mounting orientation

Horizontal Yes
Vertical Yes
Installation elevation above sea level
0 to 2000 m No limitations
>2000 m Reduction of ambient temperature by 0.5°C per 100 m

Degree of protection per EN 60529 1P20
Ambient conditions
Temperature
Operation
Horizontal mounting orientation 0to 55°C
Vertical mounting orientation 0 to 50°C
Derating See section "Hardware configuration”
Storage -25t070°C
Transport -25t070°C

Table 18: X20Al1744-3 - Technical data
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Product ID X20Al11744-3
Relative humidity
Operation 5 to 95%, non-condensing
Storage 5 to 95%, non-condensing
Transport 5 to 95%, non-condensing
Mechanical properties
Note Order 1x terminal block X20TB12 separately
Order 1x bus module X20BM11 separately
Spacing 12.5*92 mm

Table 18: X20Al1744-3 - Technical data

1) Depends on the full-bridge strain gauge being used.

2) With 6-wire connections, line compensation does not function (see section "Connection examples").
3) The maximum current of 90 mA is permitted up to an operating temperature of 45°C.

4) Quantization depends on the strain gauge factor.

1.2.2.4 LED status indicators

For a description of the various operating modes, see section "Additional information - Diagnostic LEDs" in the
X20 system user's manual.

Figure LED Color Status Description

r Green Off No power to module

Single flash RESET mode

Double flash |BOOT mode (during firmware update)”

Blinking PREOPERATIONAL mode
On RUN mode
ErI' e Red Off No power to module or everything OK
= On Error or reset status
= 1 Green Off Possible causes:
§ *  Open circuit

»  Sensor is disconnected
«  Converter is busy
On Analog/digital converter running, value OK

1) Depending on the configuration, a firmware update can take up to several minutes.

1.2.2.5 Pinout

SG VCC
SG VCC
Input +

Input -

SG GND

SG GND
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1.2.2.6 Connection examples

Full-bridge strain gauge with 4-wire connections

Al
Full-bridge strain gauge
. —O O
& O
—O1 rO
—O O
1/) O\»
+24 VDC <« l— » +24 VDC
GND <« » GND

Full-bridge strain gauge with 6-wire connections

Full-bridge strain gauges can be connected to this module with 6-wire connections. Line compensation is not
supported by the module, however. The sense lines are short circuited by the internally connected strain gauge
VCC and GND connections (see "Input circuit diagram" on page 86). The measurement precision is therefore
affected by changes in operating temperature. Longer cable lengths and smaller cable cross sections also increase
the potential for errors in the measurement system.

In order to reduce cable resistance, the sense lines should be connected in parallel with the strain gauge supply
lines. Optimal signal quality can be obtained by using a shielded twisted pair cable. The connections for the strain
gauge supply lines, the sensor lines, and the bridge differential voltage lines should each use one twisted pair cable.

2]

Al

Full-bridge strain gauge

+U x+U sense

ﬁ
%6000

/o/ooooo

o

+24 VDC
GND

+
N
=

O <

Z O

o O

A A

O
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85



Analog input modules < X20(c)Al1744-3

Parallel connection of 2 full-bridge strain gauges (4-wire connections)

If connecting the full-bridge strain gauges in parallel, the manufacturer's guidelines must be observed.

A

2]

o O
o O
O O
o O
o||e
| o

+24 VDC
GND

A A

I » +24 VDC

When connecting 3 or more full-bridge strain gauges in parallel, 2 lines must be connected together in an X20
terminal block.

1.2.2.7 Input circuit diagram

SGVvCC 1707: 2 [ Reference
SGVCC 3 J [} Reference
i : locale
i i processor port
Input + | © : L .
- T =
Input - } o———
: 3 Anti-aliasing filter
b 60 dB/Dec.
SG GND | o- 1
; | A/D converter
P Sigma-delta
SG GND | o
1.2.2.8 Filter characteristics of the sigma-delta A/D converter
]
1
I
I
|
©
| ‘ '
0 4 x 8 x 12 x 16 x 20 x 24 x
1
1xf
DATA Frequency
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1.2.2.9 Effective resolution of the A/D converter
The A/D converter on the module provides a 24-bit measured value. The actual attainable noise-free resolution is
always less than 24-bit, however. This "effective resolution" depends on the data rate and measurement range.
Example:

Based on the conversion method, a data rate of 2.5 Hz and a specified measurement range of 2 mV/V result in
an effective resolution of 16.6 bits:

24-bit

21 20 16 15 12 1

ENNNERRREARRERNRl N nnnEn

\/

16.6-bit

The low-order bits (grayed out) contain only noise instead of valid values and must therefore not be evaluated.
With "Function model 1 - Multisampling”, only the highest 16 bits are made available.

1.2.2.10 Calculation example / Quantization

In a weighing application, the corresponding weight located on the connected load cell should be determined from
the value derived from the module.

The characteristics of the strain gauge load cell are as follows:

+ Rated load: 1000 kg
» Strain gauge factor: 4 mV/V

The bridge factor of the strain gauge load cell now yields (by multiplying with the bridge supply voltage from the
module) the value for the positive full-scale deflection at the specified nominal load of 1000 kg:

4mV/Vx55V=22mV

With a simple Rule of Three calculation, the corresponding value can be calculated (as seen in the table) from
weight to the converter value and vice versa. This simplified theoretical approach is only valid for an ideal mea-
surement system. Calibration of the entire measurement system is recommended because not only the module,
but particularly the strain gauge bridges exhibit tolerances (offset, gain). When taring, the gradient offset is recal-
culated and the gain of the linear equation is determined when normalized. In addition to the calculation displayed
in the table, these calculations must also be carried out in the application.

24-bit value of the module Quantization Corresponding weight
0x007F FFFF 8,388,607 22.0 mV 1000 kg
0x0000 0001 1 2.62 nV 0.119g
0x0000 20C3 8387 22.0 yv 1kg
0x0001 0000 65536 171.9 yv 7.81kg

The values for one LSB are also included in the module's technical data under item "Quantization" (1 LSB each
for 16 bits and 24 bits).

1.2.2.11 Hardware configuration

1.2.2.11.1 Hardware configuration for horizontal installation at 50°C ambient temperature

Operating a strain gauge module

Starting at an ambient temperature of 50°C, a dummy module must be connected to the left and right of the strain
gauge module in a horizontal mounting orientation.
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Dummy module
This module
Dummy module

Operating multiple strain gauge modules side by side
If 2 or more horizontal strain gauge modules are being operated in a cluster, the following arrangement of modules
must be observed.

Dummy module
This module
Dummy module
This module
Dummy module
This module
Dummy module

1.2.2.11.2 Hardware configuration for vertical installation at 40°C ambient temperature

Operating a strain gauge module
Starting at an ambient temperature of 40°C, a dummy module must be connected to the left and right of the strain
gauge module in a vertical mounting orientation.

Dummy module

This module

Dummy module

Operating multiple strain gauge modules side by side
If 2 or more vertical strain gauge modules are being operated in a cluster, the following arrangement of modules
must be observed.
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Dummy module

This module

Dummy module

This module

Dummy module

This module

Dummy module
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1.2.2.12 Register description
1.2.2.12.1 General data points

In addition to the registers described in the register description, the module has additional general data points.
These are not module-specific but contain general information such as serial number and hardware variant.
General data points are described in section "Additional information - General data points" in the X20 system user's
manual.

1.2.2.12.2 Function model 0 - Standard

Register Name Data type Read Write
Cyclic Acyclic Cyclic Acyclic

2 Statusinput01 USINT °

4 Analoginput01 DINT .

16 ConfigOutput01 USINT .

18 ConfigCycletime01 UINT .

32 AdcClkFreqShifto1" USINT .

1) Firmware version 8 / Upgrade 1.2.0.0 or higher

1.2.2.12.3 Function model 1 - Multisampling

In this function model, the A/D converter is operated synchronously to X2X Link with a predefined A/D converter
cycle time. The value is configurable as 50 or 100 ps.

The module returns between 3 and 10 measured values per X2X cycle depending on the configuration. With an
X2X cycle time of 400 ys and A/D converter cycle time of 50 ys, exactly 8 measurements are performed and the
module can return 8 values (strain gauge value 01 to strain gauge value 08).

If a longer cycle time is used, the values returned correspond to the last measurements. If using an X2X cycle time
that is not a whole number multiple of the A/D converter cycle time, then the conversion cannot be synchronized
with X2X Link. In this case, the module outputs the invalid value 0x8000.

Example 1

If using an X2X cycle time of 800 s, it is possible to perform 16 measurements per X2X cycle if the A/D converter
cycle time equals 50 ps. The first 6 measured values are discarded; the last 10 measured values are provided
by the module.

With a shorter X2X cycle time, the number of measured values should not exceed the number of measurements
that can actually be made. All other measured values are invalid (0x8000). To minimize the load on the X2X Link
network, it is possible to disable these unneeded registers (see "Number of measured values" on page 97).

Example 2

If using an X2X cycle time of 300 ps, it is possible to perform 6 measurements per X2X cycle if the A/D converter
cycle time equals 50 ys. For this reason, only the first 6 registers are valid. The registers for the 7th through 10th
measured value (Analoglnput07 to Analoglnput10) should be disabled by setting Number of measured values to
"6 measured values" in the 1/O configuration.

Register |Name Data type Read Write
Cyclic Acyclic Cyclic Acyclic
Analog signal - Configuration
1601 ConfigGain01_MultiSample USINT .
1603 ConfigCycletime01_MultiSample USINT .
Analog signal - Communication
2 Statusinput01 USINT .
1534 + N *4 | AnaloglnputON (N =1 to 10) INT .
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Analog input modules < X20(c)Al1744-3

In function model "254 - Bus controller”, the module behaves as it does in "Function model 0 - Standard" with
the exception that it is not synchronized to the X2X Link network even if synchronous mode is enabled in register
"ConfigOutput01" on page 93. Instead, the module behaves as if the set A/D converter cycle time is not a factor
or multiple of the X2X cycle time and attempts to maintain the set A/D converter cycle time as precisely as possible.

Register Name Data type Read Write
Cyclic Acyclic Cyclic Acyclic
2 Statusinput01 USINT °
4 Analoginput01 DINT .
16 ConfigOutput01 USINT .
18 ConfigCycletime01 UINT .
32 AdcClkFreqShifto1" USINT .

1) Firmware version 8 / Upgrade 1.2.0.0 or later

1.2.2.12.5 Registers for function models "0 - Standard" and "254 - Bus controller"

1.2.2.12.5.1 Module status

Name:

StatusinputO1
The current state of the module is indicated in this register.

Data type Values
USINT See the bit structure.
Bit structure:
Bit Description Value Information
0 A/D converter value 0 Valid A/D converter value
1 Invalid A/D converter value (analog value = 0xFF800000). Pos-
sible causes:
«  Strain gauge supply error
«  1/O power supply error
«  A/D converter not (yet) configured
1 Line monitoring 0 Ok
1 Open circuit
2 Only valid in synchronous mode 0 A/D converter runs synchronous to X2X Link
1 A/D converter does not run synchronous to X2X Link
3-7 Reserved -
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1.2.2.12.5.2 Strain gauge value

Name:
Analoglnput01

This register contains the raw value determined by the A/D converter for the full-bridge strain gauge with 24-bit
resolution.

Data type Values Information
DINT -8,388,608 Negative invalid value
-8,388,607 Negative full-scale deflection / Underflow
-8,388,606 to 8,388,606 Valid range
8,388,607 Positive full-scale deflection / Overflow / Open circuit

Effective resolution

In principle, the effective resolution of the A/D converter is dependent on the data rate and measurement range
(see "Effective resolution of the A/D converter" on page 87).

The following table shows how the effective resolution (in bits), or the RMS value range of the strain gauge value
depend on the module configuration (data rate, measurement area).

Measurement range
+16 mV/V +8 mV/V *4 mV/IV *2 mVIV
Data rate Bits Range of Bits Range of Bits Range of Bits Range of values
foara [HZ] values values values
2.5 21.3 +1,290,000 20.8 +912,000 19.7 +425,000 18.7 +212,000
5 20.7 +851,000 20.3 645,000 19.3 +322,000 18.3 +161,000
10 20.4 691,000 19.9 +490,000 18.9 +244,000 17.9 +122,000
15 20.1 +562,000 19.3 +320,000 18.7 +212,000 17.7 +106,000
25 19.7 +425,000 19.2 +301,000 18.5 +185,000 17.5 192,000
30 19.6 +397,000 19.0 +262,000 18.1 +140,000 171 +72,000
50 19.4 +346,000 18.8 +230,000 17.9 +122,000 16.9 161,000
60 19.3 +320,000 18.8 +230,000 17.8 +114,000 16.8 +57,000
100 19.1 +280,000 18.5 +185,000 17.4 +86,000 16.4 +43,000
500 18.0 +130,000 17.3 +80,000 16.3 +40,000 15.3 +20,000
1000 17.2 +75,000 16.5 +46,000 15.6 +25,000 14.6 +12,000
2000 16.6 +49,600 16.1 +35,000 15.3 +20,000 14.3 +10,000
3750 16.2 +37,600 15.7 +26,600 14.7 +13,000 13.7 16,600
7500 15.8 +28,500 15.3 +20,200 14.4 +10,800 13.4 15,400

Table 19: Effective resolution of the strain gauge value in bits for the measurement range 2 to 16 mV/V

Measurement range

256 mV/V 128 mV/V 64 mV/V *32 mVIV
Data rate Bits Range of Bits Range of Bits Range of Bits Range of values
foara [HZ] values values values
2.5 23 +4,194,000 22.6 +3,179,000 221 +2,248,000 21.7 +1,703,000
5 22.3 42,582,000 224 +2,767,000 21.9 +1,957,000 21.3 +1,291,000
10 22.3 +2,582,000 22 +2,097,000 21.6 +1,589,000 21 +1,049,000
15 22 +2,097,000 21.7 +1,703,000 21.3 +1,291,000 20.7 +852,000
25 21.7 +1,703,000 214 +1,384,000 211 +1,124,000 20.5 +741,000
30 21.8 +1,826,000 21.3 +1,291,000 20.8 +913,000 20.4 692,000
50 21.3 +1,291,000 21.1 +1,124,000 20.4 +692,000 19.9 +489,000
60 21.3 +1,291,000 20.9 +978,000 20.5 +741,000 19.8 +456,000
100 20.9 +978,000 20.7 +852,000 20.2 +602,000 19.6 +397,000
500 20.1 +562,000 19.6 +397,000 19.1 +281,000 18.6 +199,000
1000 19 +262,000 18.6 +199,000 18.1 +140,000 17.5 193,000
2000 18.5 +185,000 18.1 +140,000 17.8 +114,000 17 166,000
3750 18.1 +140,000 17.8 +114,000 17.3 +81,000 16.6 +50,000
7500 17.7 +106,000 17.3 +81,000 16.9 +61,000 16.2 +38,000

Table 20: Effective resolution of the strain gauge value in bits for the measurement range 32 to 256 mV/V
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1.2.2.12.5.3 A/D converter configuration

Name:
ConfigOutput01
The data rate and measurement range of the A/D converter can be configured in this register.
Data type Values
USINT See the bit structure.
Bit structure:
Bit Description Value Information
0-3 Data rate fpara (Samples per second): 0000 25
0001 5
0010 10
0011 15
0100 25
0101 30
0110 50
0111 60
1000 100
1001 500
1010 1000
1011 2000
1100 3750
1101 7500
1110 Synchronous mode"
1111 Reserved
4-6 Standard measurement range (bit 6 = 0) 000 16 mV/V
001 8 mV/IV
010 4 mvVivV
011 2 mVIV
Extended measurement range (bit 6 = 1)? 100 256 mV/V
101 128 mV/V
110 64 mV/V
111 32 mVIV
7 Reserved 0 (must be 0)

1) A/D converter is operated synchronously with X2X Link if possible - firmware version 2 or higher.
2) Firmware version 4 or higher

Synchronous mode

Beginning with firmware version 2, the analog/digital converter (A/D converter) of the module can be operated
and read synchronously to X2X Link. Synchronous mode is enabled by selecting the respective operating mode
in register "ConfigOutput01" on page 93. A time between 200 and 2000 ps must also be set in register "Config-
Cycletime01" on page 94. If this time is a whole number factor or multiple of the configured cycle time of X2X
Link, then the A/D converter is read synchronously to X2X Link.

Information:
The A/D converter cycle time must be 21/4 of the X2X cycle time!
Bit 2 in Module status is set (i.e. A/D converter not running synchronously)...

+ ... If the configured A/D converter cycle time cannot be synchronized with X2X Link.
+ ... If the module is still in the settling phase.

Jitter, dead time and settling time:

Jitter
A/D converter cycle times <1500 ps Max. 1 s
A/D converter cycle times >1500 ps Max. +4 us
X2X link dead time X2X cycle time
SOps+ 128
Settling time
Firmware version <4 Max. 150 x A/D converter cycle time
Firmware version 25 150 x X2X cycle time

The settling time corresponds to the time needed until the A/D converter can be operated after enabling synchro-
nous mode or following conversion of the A/D converter cycle time.
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1.2.2.12.5.4 A/D converter cycle time

Name:

ConfigCycletime01

This register is only used in Synchronous mode. If synchronous mode is enabled in the A/D converter configuration,
then the module attempts to operate the A/D converter as synchronously as possible to X2X Link (based on the
A/D converter cycle time set in this register). It is of course necessary for the X2X Link cycle time and the A/D

converter cycle time to have a certain ratio. The following conditions must be observed:

1) A/D converter cycle time = 1/4 X2X cycle time
2) A/D converter cycle time corresponds to a whole number factor or multiple of the X2X cycle time

3) A/D converter cycle time must be in the range 50 to 2000 us

Data type Value
UINT 50 to 2000
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1.2.2.12.5.5 A/D converter clock frequency shift

Name:
AdcCIkFreqShift01

In rare cases, strain gauge modules connected to neighboring slots can influence one another. This can result in
temporary, minimal deviations in measured values. This can only occur if the sigma-delta A/D converters on the
neighboring strain gauge modules are operated at exactly the same clock frequency.

In most cases, these clock frequencies vary slightly due to part variances. When they are the same however, this
register on the strain gauge module provides a safe way for an application to prevent this type of mutual influence.

Data type Value
SINT -128 to 127

This register can be used to vary the clock frequency in increments of 200 ppm. Setting values from -50 to 50 cover
a range of -10000 ppm to 10000 ppm. This corresponds with -1% to 1%.

Values beyond this range will cause activation of a default mode. The frequency shift is derived from the last 2 digits
of the serial number by the module firmware. This saves time that would otherwise be needed for programming,
provided that the last two digits of the serial numbers on the neighboring modules are not the same

Register value Frequency shift in ppm Example of a sampling rate?
127 ((SerialNo. modulo 100) - 50) * (-200) ppm Based on the serial number
51 ((SerialNo. modulo 100) - 50) * (-200) ppm Based on the serial number
50 10000 505
49 9800 504.9
2 400 500.2
1 200 500.1
0 0 500
-1 -200 499.9
-2 -400 499.8
-50 -10000 495
-51 ((SerialNo. modulo 100) - 50) * (-200) ppm Based on the serial number
-128 ((SerialNo. modulo 100) - 50) * (-200) ppm Based on the serial number
1) Nominal sampling rate of 500 samples per second

Important:

As shown in the table above, shifting the A/D converter clock frequency will equally shift the A/D converter sam-
pling rate. Shifting the A/D converter clock frequency too much can cause problems with disturbance suppression
particularly when a very specific sampling rate has been defined to suppress existing disturbances (e.g. 50 Hz to
suppress the 50 Hz hum). See also "Filter characteristics of the sigma-delta A/D converter" on page 86.

It's situations like this where the option to manually shift the frequency in the I/O configuration or ASIOACC library
should be utilized rather than relying on the default frequency shift that is based on the serial number.

A frequency shift like the one shown below would be sufficient to prevent modules from influencing one another
and would not cause any noticeable difference to the filter characteristics.

Slot 1 2 3 4 5 6
A/D converter clock frequency shift 0 2 -1 1 -2 0
Information:

* This register has no effect in synchronous mode because the firmware regulates the A/D con-
verter clock frequency in such a way that the A/D converter cycle is synchronous with the X2X
cycle.

*  When writing to this register using the ASIOACC library, only the lowest value byte of the written
value is accepted. For example, the value 256 (=0x100) is identical to the value 0 (=0x00).
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1.2.2.12.6 Register for "Function model 1 - Multisampling”

1.2.2.12.6.1 Module status

Name:

Statuslnput01
This register contains the current state of the module.

Data type

Values

USINT

See the bit structure.

Bit structure:

Bit Description Value Information
0 A/D converter values 0 Valid A/D converter value
1 Invalid A/D converter value
1 Line monitoring 0 OK
1 Open circuit
An open circuit was found during at least one measurement in
this X2X cycle. This bit is reset if all measurements are OK after
correcting this error, i.e. it does not have to be acknowledged.
2 Synchronous mode 0 A/D converter runs synchronous to X2X Link
1 A/D converter does not run synchronous to X2X Link
3-7 Reserved -

1.2.2.12.6.2 Strain gauge value - Multiple

Name:

Analoglnput01 to Analoginput10

This register contains the raw value determined by the A/D converter for the full-bridge strain gauge with 16-bit
resolution. The module returns between 3 and 10 measured values per X2X cycle depending on the configuration.

Effective resolution
In principle, the effective resolution of the A/D converter is dependent on the data rate and measurement range

(see ).

The following table shows how the effective resolution (in bits), or the RMS value range of the strain gauge value
depend on the module configuration (data rate, measurement area).

Measurement range
+16 mV/V *8 mVIV *4 mVIV 2 mV/V
Bits Range of values Bits Range of values Bits Range of values Bits Range of values
15.4 22,000 14.6 12,000 13.8 7,000 12.8 4,000
Table 21: Effective resolution of the strain gauge value in bits for the measurement range 2 to 16 mV/V
Measurement range
+256 mV/V +128 mV/V 64 mV/V +32 mV/IV
Bits Range of values Bits Range of values Bits Range of values Bits Range of values
17.1 70,000 16.7 53,000 16.4 43,000 15.9 31,000

Table 22: Effective resolution of the strain gauge value in bits for the measurement range 32 to 256 mV/V
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1.2.2.12.6.3 A/D converter configuration

Name:
ConfigGain01_MultiSample

Analog input modules * X20(c)AlI1744-3

The measurement range for the A/D converter can be configured in this register.

Data type Values

USINT See the bit structure.

Bit structure:

Bit Description Value Information
0-2 Standard measurement range (bit 2 = 0) 000 16 mV/V
001 8 mv/V
010 4 mVIV
011 2 mVIV
Extended measurement range (bit 2 = 1)" 100 256 mV/V
101 128 mVIV
110 64 mV/V
111 32 mVIV
3-7 Reserved 0 (must be 0)

1) Firmware V4 and later. In the standard measurement range (2 to 16 mV/V), open-circuit detection works reliably at all adjustable data rates. In the extended
measurement range (32 to 256 mV/V), open circuit detection does not work reliably (because of the variable input impedance of the amplifier in relation

to the set data rate).

1.2.2.12.6.4 A/D converter cycle time

Name:
ConfigCycletime01_MultiSample

The A/D converter cycle time can be configured in this register.

In order for multiple sampling to work, the X2X cycle time must be divisible by the A/D converter cycle time (i.e.

result in a whole number).

Data type Value Information
USINT 0 50 us (default)
1 100 us
2 to 255 Reserved

1.2.2.12.6.5 Number of measured values

If the X2X cycle time is too short, then not all 10 measurements can be performed. To reduce the load on X2X Link,
it makes sense to only transfer as many values as measurements that can be made. This is why it is possible to
configure the number of measured values to be transferred (see "Function model 1 - Multisampling" on page 90).

Example: A/D converter cycle time = 50 us

X2X cycle time Number of measured values to be transferred
250 ps 5
300 ps 6
350 ps 7
400 ps 8
450 ps 9
2500 ps 10

Example: A/D converter cycle time = 100 ps

X2X cycle time

Number of measured values to be transferred

300 ps

3

400 ps

500 pis

600 ps

700 ps

800 us

900 pis

©O|o(N|O|o|

21 ms

-
o
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1.2.2.12.7 Minimum cycle time

The minimum cycle time specifies how far the bus cycle can be reduced without communication errors occurring.
It is important to note that very fast cycles reduce the idle time available for handling monitoring, diagnostics and
acyclic commands.

Minimum cycle time
250 ps

1.2.2.12.8 Minimum |/O update time
The minimum 1/O update time specifies how far the bus cycle can be reduced so that an I/O update is performed
in each cycle.

There is no limitation or basic dependency on the bus cycle time. In function model "0 - Standard", the I/O update
time is defined using registers "ConfigOutputO1" on page 93 and "ConfigCycletime01" on page 94.

Depending on the setting in register "ConfigCycletime01_MultiSample" on page 97, the /O update time in function
model "1 - Multiple sampling" is 50 or 100 ps.
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1.3 X20AI11744-10

1.3.1 General information

This module works with both 4-wire and 6-wire strain gauge load cells. The concept applied by the module re-
quires compensation in the measurement system. This compensation eliminates the absolute uncertainty in the
measurement circuit, such as component tolerances, effective bridge voltage or zero point offset. The measure-
ment precision refers to the absolute (compensated) value, which will only change as a result of changes in the

operating temperature.

» 1 full-bridge strain gauge input

» Bridge voltage 10 VDC

» Data output rate configurable from 0.1 Hz to 7.5 kHz

» Special operating modes (synchronous mode and multisampling)
+ Configurable filter level

1.3.2 Order data

Order number

Short description

Analog inputs

X20AI1744-10

X20 analog input module, 1 full-bridge strain input 10 V, 24-bit
converter resolution, 5 kHz input filter

Required accessories

Bus modules

X20BM11 X20 bus module, 24 VDC keyed, internal I/O power supply con-
nected through

X20BM15 X20 bus module, with node number switch, 24 VDC keyed, in-
ternal I/O power supply connected through
Terminal blocks

X20TB12 X20 terminal block, 12-pin, 24 VDC keyed

Table 23: X20Al1744-10 - Order data

1.3.3 Technical data

Order number X20AI11744-10
Short description
1/0 module 1 full-bridge strain gauge input
General information
B&R ID code OxF1A7
Status indicators Channel status, operating state, module status
Diagnostics

Module run/error Yes, using LED status indicator and software

Open circuit Yes, using LED status indicator and software

Input Yes, using LED status indicator and software
Power consumption

Bus 0.01 W

Internal 1/0 0.65W
Additional power dissipation caused by actuators Max. +0.68 "
(resistive) [W]
Certifications

CE Yes

EAC Yes

UL cULus E115267

Industrial control equipment
ATEX Zone 2, 11 3G ExnAnC IIAT5 Ge
IP20, Ta (see X20 user's manual)
FTZU 09 ATEX 0083X

Full-bridge strain gauge
Strain gauge factor 2 to 256 mV/V, configurable using software
Connection 4- or 6-wire connections 2
Input type Differential, used to evaluate a full-bridge strain gauge
Digital converter resolution 24-bit
Conversion time Depends on the configured data output rate
Data output rate 0.1 - 7500 samples per second, configurable using software (fpara)

Table 24: X20Al1744-10 - Technical data
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Order number

X20A11744-10

Input filter
Cutoff frequency 5 kHz
Order 3
Slope 60 dB

ADC filter characteristics

Sigma-delta, see section "Filter characteristics of the sigma-delta A/D converter"

Operating range / Measurement sensor

162 to 5000 Q

Influence of cable length 3

See section "Calculation example".

Input protection

RC protection

Common-mode range

0to 3 VDC
Permissible input voltage range (with regard to the poten-
tial strain gauge GND) on inputs "Input +" and "Input -"

Insulation voltage between input and bus

500 Vg

Conversion procedure

Sigma-delta

Output of digital value
Broken bridge supply line
Broken sensor line
Valid range of values

Value approaching 0
Value approaching tend value (status bit "Line status monitoring" is set in register "Module status")
0xFF800001 to 0x007FFFFF (-8,388,607 to 8,388,607)

Strain gauge supply
Voltage
Short-circuit and overload resistant
Voltage drop for short-circuit protection

10.5 VDC / Max. 65 mA 4
Yes
Max. 0.2 VDC at 65 mA and 25°C

Quantization
LSB value (16-bit)

2mVIV 641 nV
4 mVIV 1.28 yv
8 mV/V 2.56 pv
16 mV/V 5.13 pv
32 mVIV 10.25 uv
64 mV/V 20.51 yv
128 mV/V 41.02 v
256 mV/V 82.03 pv

LSB value (24-bit)
2 mVIV 2.50 nv
4 mVIV 5.01 nV
8 mV/V 10.01 nV
16 mV/V 20.03 nV
32 mVIV 40.05 nV
64 mV/V 80.11 nV
128 mV/V 160.22 nV
256 mV/V 320.43 nV

Temperature coefficient
Rev. 2E0 10 ppm/°C
Rev. <E0 30 ppm/°C

Electrical properties

Electrical isolation

Bus isolated from analog input and strain gauge supply voltage
Channel not isolated from 1/O power supply

Operating conditions

Mounting orientation

Horizontal Yes
Vertical Yes
Installation elevation above sea level
0 to 2000 m No limitation
>2000 m Reduction of ambient temperature by 0.5°C per 100 m
Degree of protection per EN 60529 1P20
Ambient conditions
Temperature
Operation
Horizontal mounting orientation -25t0 60°C
Vertical mounting orientation -25t0 50°C
Derating See section "Hardware configuration”
Storage -40 to 85°C
Transport -40 to 85°C

Table 24: X20Al1744-10 - Technical data
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Order number X20AI11744-10
Relative humidity
Operation 5 to 95%, non-condensing
Storage 5 to 95%, non-condensing
Transport 5 to 95%, non-condensing
Mechanical properties
Note Order 1x terminal block X20TB12 separately.
Order 1x bus module X20BM11 separately.
Pitch 12.5*2mm

Table 24: X20Al1744-10 - Technical data

1) Depends on the full-bridge strain gauge being used.
2) With 6-wire connections, line compensation does not function (see section "Connection examples").

3) Sensor cable with twisted and shielded conductors, cable length as short as possible, cable routing separate from load circuits, without intermediate terminal

to the sensor.
4) The maximum current of 90 mA is permitted up to an operating temperature of 45°C.
5) Quantization depends on the strain gauge factor.

1.3.4 LED status indicators

For a description of the various operating modes, see section "Additional information - Diagnostic LEDs" in the

X20 system user's manual.

Figure LED Color Status Description

r Green Off No power to module

Single flash Mode RESET

Double flash | Mode BOOT (during firmware update)”

Blinking Mode PREOPERATIONAL
= On Mode RUN
:-r e Red Off No power to module or everything OK
N On Error or reset state
5 1 Green Off Possible causes:
§ «  Open circuit

« Sensor is disconnected
«  Converter is busy

On Analog/digital converter running, value OK

1) Depending on the configuration, a firmware update can take up to several minutes.

1.3.5 Pinout

SG VCC
SGVCC
Input +
Input -
SG GND

SG GND
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1.3.6 Connection examples

Full-bridge strain gauge with 4-wire connections

Al

o1 o

o ro

- + : -o
4 i [4 o)
Padlhe

l/) O\D

+24 VDC < l_ » +24 \V/DC
GND =« » GND

Full-bridge strain gauge with 6-wire connections

Full-bridge strain gauges can be connected to this module with 6-wire connections. Line compensation is not
supported by the module, however. The sense lines are short circuited by the internally connected strain gauge
VCC and GND connections (see "Input circuit diagram” on page 103). The measurement precision is therefore
affected by changes in operating temperature. Longer cable lengths and smaller cable cross sections also increase
the potential for errors in the measurement system.

In order to reduce cable resistance, the sense lines should be connected in parallel with the strain gauge supply
lines. Optimal signal quality can be obtained by using a shielded twisted pair cable. The connections for the strain
gauge supply lines, the sensor lines and the bridge differential voltage lines should each use one twisted pair cable.
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Parallel connection of 2 full-bridge strain gauges (4-wire connections)

If connecting the full-bridge strain gauges in parallel, the manufacturer's guidelines must be observed.

Al
O O
o0
OO
O O
| e
1/) O\b
+24 VDC < I » +24 VDC
GND < » GND

When connecting 3 or more full-bridge strain gauges in parallel, 2 lines must be connected together in an X20
terminal block.

1.3.7 Input circuit diagram

U Strain gauge
o
SGVCC
i
SGVCC | o1
P
.
P
Input + ; o ~
b T~ AD
P Anti-aliasing filter converter Local
Input - ¢ © : 5 kHz / 60 dB processor port
P
ND ! o=
see ; : Reference Reference
SGGND ! l
i
Strain gauge

1.3.8 Effective resolution of the A/D converter

The A/D converter on the module provides a 24-bit measured value. The actual attainable noise-free resolution is
always less than 24-bit, however. This "effective resolution" depends on the data rate and measurement range.
Example:

Based on the conversion method, a data rate of 2.5 Hz and a specified measurement range of 2 mV/V result in
an effective resolution of13.7 bits:

24-bit

21 20 16 15 12 1

EEnN AR EARREANnInnnnnEn

\/

13.7-bit

The low-order bits (grayed out) contain only noise instead of valid values and are therefore not permitted to be
evaluated.

With "Function model 1 - Multisampling”, only the highest 16 bits are made available.
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1.3.9 Calculation example

The following example shows the influence of the length of the measuring cable on the bridge voltage of the module

and the quantization calculated with it.

1.3.9.1 Bridge voltage

Although the measuring bridge must be adjusted with the module, the cable length has an influence on the accuracy
of the measurement. The reason for this is the voltage drop on the power supply lines of the measuring bridge. As
a result, the strain gauge supply voltage at the measuring bridge no longer amounts to the full 10.5 V. The reduced

bridge voltage also has an effect on the quantization.

Example

Characteristics of the measuring device used:

Full-bridge strain gauge with 4-wire connections

Material-dependent conductivity of the cable (copper: 12

Cross section of the cable: 22 AWG = 0.34 mm?
Length of the cable: 5 m

Nominal current of the measuring bridge: 15 mA
Bridge voltage of the module: 10.5 V

)

m
Q-mm2

Actual bridge voltage taking the voltage drop on the measuring line into account:

10.5 V- -

The quantization must be calculated using the actual calculated bridge voltage (see "Quantization" on page 105).

2-5m

> - 0.015A =10.463 V
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1.3.9.2 Quantization

In a weighing application, the corresponding weight located on the connected load cell should be determined from
the value derived from the module.

Example
The characteristics of the strain gauge load cell are as follows:
* Rated load: 1000 kg

» Strain gauge factor: 4 mV/V
» Actual bridge voltage: 10.463 V

Maximum quantization:
Multiplying the bridge factor of the strain gauge load cell with the bridge supply voltage from the module results in
the value for the positive full-scale deflection at a specified rated load of 1000 kg:

4mVIV-10.5V =42 mV

Actual quantization:

Taking the voltage drop on the measuring line into account, the actual bridge voltage is 10.463 V (for the calculation,
see section "Bridge voltage" on page 104). If this voltage is multiplied by the strain gauge factor of 4 mV/V, the
following actual quantization results:

4 mV/V-10.463 V =41.85 mV
These 41.85 mVcorrespond to 99.6% of the maximum possible measurement range.

Information:

If the quantization decreases, the maximum possible effective resolution also decreases (see "Effective
resolution of the A/D converter” on page 103).

With a simple Rule of Three calculation, the corresponding value can be calculated (as seen in the table) from
weight to the converter value and vice versa. This simplified theoretical approach is only valid for an ideal mea-
surement system. Calibration of the entire measurement system is recommended because not only the module,
but particularly the strain gauge bridges exhibit tolerances (offset, gain). When taring, the gradient offset is recal-
culated and the gain of the linear equation is determined when normalized. In addition to the calculation displayed
in the table, these calculations must also be carried out in the application.

24-bit value of the module Quantization Corresponding weight
0x007F FFFF 8,388,607 41.85 mV 1000 kg
0x0000 0001 1 4.99 nV 0.119¢g
0x0000 20C3 8387 41.84 uyv 1kg
0x0001 0000 65536 327.0 yv 7.81 kg

The values for 1 LSB are also included in the module's technical data under item "Quantization" (1 LSB each for
16 bits and 24 bits).
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1.3.10 Filter characteristics of the sigma-delta A/D converter

Gain
>
>
D

4 x 8 x 12 x 16 x 20 x 24 x

DATA Frequency
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1.3.11 Software filters

2 filters are available for the analog input. They can be individually enabled and configured at runtime. By default,
both filters are disabled when the device is switched on. The filters are controlled and configured using "Function
model 2 - Extended filter".

In order to allow the filter behavior to be adapted to the measuring situation or machine cycle (high dynamics and
low precision or low dynamics and high precision), the filter characteristics of both the IIR low-pass filter as well
as the FIR filter can be changed synchronously at any time.

Filter diagram

Software
Sigma-delta A/D converter Filter

IIR

SPI Raw value FIR

L low-pass filter o i
IF a\ /_( filter Analog value
ﬁ—b
Sinc5 filter o/

Sigma-delta modulator

Analog input

1.3.11.1 lIR low-pass filter
1.3.11.1.1 General information

The IIR low-pass filter is used to generally smooth and increase the resolution of the analog value. The filter works
according to the following formula:

X~ Youd
Y=Yoig* SFitter level

X ...  Current filter input value
Yo .- Old filter output value
y ... New filter output value

Parameter "Filter level" in the formula above is configured using register "ConfigCommonOutput01" on page 125.
"Filter level" = 0 if the IIR low-pass filter is disabled.

1.3.11.1.2 Filter characteristics of the first-order IIR low-pass filter

Limit frequency f.

The following table provides an overview of the -3 dB limit frequency f. depending on the configured filter level.

Filter level Normalized f. f. [Hz] f. [Hz]
[I/O update rate] 1/0 update rate = 15000/s 1/0 update rate = 20000/s
1 0.11476 1721.4 2295.2
2 0.046 690 920
3 0.02124 318.6 424.8
4 0.01026 153.9 205.2
5 0.00504 75.6 100.8
6 0.0025 37.5 50
7 0.00124 18.6 24.8
8 0.00062 9.3 12.4
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Gain of the IIR low-pass filter
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Step response of the IIR low-pass filter
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1.3.11.2 FIR filter

Like the IIR low-pass filter, the FIR filter can also be used to smooth out the signal and increase its resolution.
In addition, configuring the filter length accordingly makes it possible to target and efficiently filter out individual
interference frequencies. The source of these interference frequencies may be mechanical or electromagnetic.
Multiples of these are also filtered out (as long as they are a whole-number factor of the data output rate).

Example:
Data output rate = 15000 samples/s, averaging over 15 values — "Notch" at 1 kHz (2 kHz, etc.)

When reconfiguring the filter, it takes 1/data rate (FIR filter in mode "Selectable data rate") or 1/filter frequency (FIR
filter in mode"High-resolution data rate") until the filter is tuned. During tuning, bit 5 is set in register "StatusInput01"
on page 127.

1.3.11.2.1 Characteristics of the FIR filter in mode "Selectable data rate"

The following table applies to "Function model 0 - Standard" and "Function model 254 - Bus controller" as well as
for "Function model 2 - Extended filter" in mode "Selectable data rate".

1/0 update rate [Hz] 1/0 update time [ms]
Set value Data rate (fp.) [H2] frnoten [HZ] Function models Function model 2 Function models Function model 2
12 3) 4 0 and 254 (mode "Selec- 0 and 254 (mode "Selec-
table data rate") table data rate")

0000 2.5 2.5 2.5 15000 400 0.0667
0001 5 5 5 15000 200 0.0667
0010 10 10 10 15000 100 0.0667
0011 15 15 15 15000 66.6667 0.0667
0100 25 25 25 15000 40 0.0667
0101 30 30 30 15000 33.3333 0.0667
0110 50 50 50 15000 20 0.0667

0111 60 60 60 15000 16.6667 0.0667
1000 100 100 100 15000 10 0.0667
1001 500 500 500 15000 2 0.0667
1010 1000 1000 1000 15000 1 0.0667
1011 2000 2000 2000 20000 0.5 0.05

1100 3750 3750 3750 15000 0.2667 0.0667
1101 7500 7500 7500 15000 0.1333 0.0667
1110 Reserved

1111 Reserved

1) Function model 0 and 254: Bits 0 to 3 of register "ConfigOutput01" on page 118
2) Function model 2: Bits 0 to 3 of register "ConfigDatarateOutput01" on page 33

3) Function models 0 and 254: Data rate = 1/Filter length [s] (fyoen) = I/O update rate
4) Function model 2: Data rate = 1/Filter length [s] (fyotcn)
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1.3.11.2.2 Characteristics of the FIR filter in mode "High-resolution data rate™

The following table applies to "Function model 2 - Extended filter".

Setpoint [0.1 Hz] " Data rate (fpa) [HZ] fnoten [HZ] 1/0 update time [ps]
1 to 65535 Setpoint/ 10 = Data rate ~50 ps 2

1) Setpoint from register "ConfigHighResolutionOutput01" on page 33
2) The value varies between 42 and 56 s (see also the next section "I/O update time")

I/O update time
The value of the I/O update time depends on the setpoint and varies between 42 and 56 us. The following formula
can be used to precisely calculate the I/O update time:

I/O update time = 1e6 - (1e-4 - 10 / (Setpoint - [10 / (5e-5 - Setpoint)]))

Legend: The square brackets in the formula above mean that the calculated value must be rounded to a whole
number.

The following image shows the I/O update time depending on the setpoint:

60 © B

58

10 update time [us]

40 T T o T T -]
0 10000 20000 30000 40000 50000 60000

Value set in the ,ConfigHighResolutionOutput01* register [0.1 Hz]
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1.3.11.2.3 Examples for the gain of the FIR filter

Example 1
Filter setting = 10:

faoten = 1000 Hz
+ f,=439.3Hz
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Example 2
Filter setting = 6:

° fNotch =50 Hz
« f.=21.8Hz
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Detailed excerpt from the filter curve shown above:
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1.3.12 Hardware configuration

1.3.12.1 Hardware configuration for horizontal installation starting at 55°C ambient temperature
Operating a strain gauge module

Starting at an ambient temperature of 55°C, a dummy module must be connected to the left and right of the strain
gauge module in a horizontal mounting orientation.

Dummy module
This module
Dummy module

Operating multiple strain gauge modules side by side
If 2 or more horizontal strain gauge modules are being operated in a cluster, the following arrangement of modules
must be observed.

Dummy module
This module
Dummy module
This module
Dummy module
This module
Dummy module
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1.3.12.2 Hardware configuration for vertical installation starting at 45°C ambient temperature

Operating a strain gauge module

Starting at an ambient temperature of 45°C, a dummy module must be connected to the left and right of the strain

gauge module in a vertical mounting orientation.

Dummy module

This module

Dummy module

Operating multiple strain gauge modules side by side

If 2 or more vertical strain gauge modules are being operated in a cluster, the following arrangement of modules

must be observed.

Dummy module

This module

Dummy module

This module

Dummy module

This module

Dummy module
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1.3.13 Register description
1.3.13.1 General data points

In addition to the registers described in the register description, the module has additional general data points.
These are not module-specific but contain general information such as serial number and hardware variant.
General data points are described in section "Additional information - General data points" in the X20 system user's
manual.

1.3.13.2 Function model 0 - Standard

Register Name Data type Read Write
Cyclic Acyclic Cyclic Acyclic

Analog signal - Configuration

16 ConfigOutputO1 (A/D converter configuration) USINT .

18 ConfigCycletime01 UINT .

32 AdcClkFreqShift01 USINT .
Analog signal - Communication

2 StatusInput01 USINT °

4 Analoglnput01 DINT .

1.3.13.3 Function model 1 - Multisampling

In this function model, the A/D converter is operated synchronously to X2X Link with a predefined A/D converter
cycle time. The value is configurable as 50 or 100 ps.

The module returns between 3 and 10 measured values per X2X cycle depending on the configuration. With an
X2X cycle time of 400 us and A/D converter cycle time of 50 us, exactly 8 measurements are performed and the
module can return 8 values (strain gauge value 01 to strain gauge value 08).

If a longer cycle time is used, the values returned correspond to the last measurements. If using an X2X cycle time
that is not a whole number multiple of the A/D converter cycle time, then the conversion cannot be synchronized
with X2X Link. In this case, the module outputs the invalid value 0x8000.

Example 1

If using an X2X cycle time of 800 ps, it is possible to perform 16 measurements per X2X cycle if the A/D converter
cycle time equals 50 ps. The first 6 measured values are discarded; the last 10 measured values are provided
by the module.

With a shorter X2X cycle time, the number of measured values should not exceed the number of measurements
that can actually be made. All other measured values are invalid (0x8000). To minimize the load on the X2X Link
network, it is possible to disable these unneeded registers (see "Number of measured values" on page 123).

Example 2

If using an X2X cycle time of 300 ps, it is possible to perform 6 measurements per X2X cycle if the A/D converter
cycle time equals 50 ys. For this reason, only the first 6 registers are valid. The registers for the 7th through 10th
measured value (Analoginput07 to Analoglnput10) should be disabled by setting Number of measured values to
"6 measured values" in the I/O configuration.

Register Name Data type Read Write
Cyclic Acyclic Cyclic Acyclic
Analog signal - Configuration
1601 ConfigGain01_MultiSample USINT .
1603 ConfigCycletime01_MultiSample USINT .
Analog signal - Communication
2 StatusInput01 USINT °
1534 + N * 4 | AnaloglnputON (N = 1 to 10) INT .
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1.3.13.4 Function model 2 - Extended filter
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This function model allows the IIR low-pass filter and the FIR filter to be enabled.

Register Name Data type Read Write
Cyclic | Acyclic Cyclic Acyclic
Analog signal - Configuration
272 ConfigCommonOQOutput01 USINT .
(A/D converter and IIR filter configuration)
288 ConfigFilterOutput01 UINT .
273 ConfigDatarateOutput01 USINT
274 ConfigHighResolutionOutput01 UINT
Analog signal - Communication
2 StatusInput01 USINT .
4 Analoglnput01 DINT .
256 AdcConvTimeStamplinput01 DINT .

1.3.13.5 Function model 254 - Bus controller

In function model "254 - Bus controller", the module behaves as it does in "Function model 0 - Standard" with
the exception that it is not synchronized to the X2X Link network even if synchronous mode is enabled in register
"ConfigOutput01" on page 118. Instead, the module behaves as if the set A/D converter cycle time is not a factor
or multiple of the X2X cycle time and attempts to maintain the set A/D converter cycle time as precisely as possible.

Register Offset" Name Data type Read Write
Cyclic | Acyclic Cyclic | Acyclic

Analog signal - Configuration

16 0 ConfigOutputO1 (A/D converter configuration) USINT .

18 18 ConfigCycletime01 UINT .

32 32 AdcClkFreqShift01 USINT .
Analog signal - Communication

2 4 Statusinput01 USINT °

4 0 Analoglnput01 DINT .

1) The offset specifies the position of the register within the CAN object.
1.3.13.5.1 Using the module on the bus controller

Function model 254 "Bus controller" is used by default only by non-configurable bus controllers. All other bus
controllers can use other registers and functions depending on the fieldbus used.

For detailed information, see section "Additional information - Using I/O modules on the bus controller" in the X20
user's manual (version 3.50 or later).

1.3.13.5.2 CAN I/O bus controller

The module occupies 1 analog logical slot on CAN 1/O.
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1.3.13.6 Registers for function models "0 - Standard” and "254 - Bus controller"

1.3.13.6.1 A/D converter configuration

Name:
ConfigOutput01
The data rate and measurement range of the A/D converter can be configured in this register.
Data type Values Bus controller default setting
USINT See bit structure. 13
Bit structure:
Bit Description Value Information
0-3 Data rate fpara (Samples per second): 0000 25
0001 5
0010 10
0011 15
0100 25
0101 30
0110 50
0111 60
1000 100
1001 500
1010 1000
1011 2000
1100 3750
1101 7500 (bus controller default setting)
1110 Synchronous mode
1111 Reserved
4-6 Standard measurement range (bit 6 = 0) 000 16 mV/V (bus controller default setting)
001 8 mV/IV
010 4 mvVivV
011 2 mVIV
Extended measurement range (bit 6 = 1) 100 256 mV/V
101 128 mV/V
110 64 mV/V
111 32 mVIV
7 Reserved 0 (must be 0)

1.3.13.6.1.1 Synchronous mode

The module's analog/digital converter (A/D converter) can optionally be operated and read synchronously to the
X2X Link network. Synchronous mode is enabled by selecting the respective operating mode in register "Con-
figOutput01" on page 118. A time between 200 and 2000 us must be set in register "ConfigCycletime01" on page
119 for this. If this time is a whole number factor or multiple of the configured cycle time of X2X Link, then the
A/D converter is read synchronously to X2X Link.

Information:
The A/D converter cycle time must be 21/4 of the X2X cycle time!
Bit 2 in Module status is set (i.e. A/D converter not running synchronously)...

+ ... If the configured A/D converter cycle time cannot be synchronized with X2X Link.
» ... If the module is still in the settling phase.

Jitter, dead time and settling time:

Jitter
A/D converter cycle times <1500 ps Max. £1 ps
A/D converter cycle times >1500 ps Max. +4 ps
X2X link dead time X2X cycle time
50 ps + 18
Settling time 150 x X2X cycle time

The settling time corresponds to the time needed until the A/D converter can be operated after enabling synchro-
nous mode or following conversion of the A/D converter cycle time.
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1.3.13.6.2 A/D converter cycle time

Name:
ConfigCycletime01

This register is only used in Synchronous mode. If synchronous mode is enabled in the A/D converter configuration,
then the module attempts to operate the A/D converter as synchronously as possible to the X2X Link network
(based on the A/D converter cycle time set in this register). It is of course necessary for the X2X Link cycle time
and the A/D converter cycle time to have a certain ratio. The following conditions must be observed:

Analog input modules * X20AI1744-10

1) A/D converter cycle time = 1/4 X2X cycle time
2) A/D converter cycle time corresponds to a whole number factor or multiple of the X2X cycle time
3) A/D converter cycle time must be in the range 50 to 2000 ps

Data type Values

Information

UINT

50 to 2000

Bus controller default setting: 400
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1.3.13.6.3 A/D converter clock frequency shift
Name:

AdcClkFregShift01

In rare cases, strain gauge modules connected to neighboring slots can influence one another. This can result in
temporary, minimal deviations in measured values. This can only occur if the sigma-delta A/D converters on the
neighboring strain gauge modules are operated at exactly the same clock frequency.

In most cases, these clock frequencies vary slightly due to part variances. When they are the same however, this
register on the strain gauge module provides a safe way for an application to prevent this type of mutual influence.

Data type Values Information
SINT -128 to 127 Bus controller default setting: 127

This register can be used to vary the clock frequency in increments of 200 ppm. Setting values from -50 to 50 cover
a range of -10000 ppm to 10000 ppm. This corresponds with -1% to 1%.

Values beyond this range will cause activation of a default mode. The frequency shift is derived from the last 2 digits
of the serial number by the module firmware. This saves time that would otherwise be needed for programming,
provided that the last two digits of the serial numbers on the neighboring modules are not the same

Register value Frequency shift in ppm Example of a sampling rate"
127 ((SerialNo. modulo 100) - 50) * (-200) ppm Based on the serial number
51 ((SerialNo. modulo 100) - 50) * (-200) ppm Based on the serial number
50 10000 505
49 9800 504.9

2 400 500.2

1 200 500.1

0 0 500

1 -200 499.9

2 -400 499.8
-50 -10000 495
-51 ((SerialNo. modulo 100) - 50) * (-200) ppm Based on the serial number
-128 ((SerialNo. modulo 100) - 50) * (-200) ppm Based on the serial number

1) Nominal sampling rate of 500 samples per second
Important:

As shown in the table above, shifting the A/D converter clock frequency will equally shift the A/D converter sam-
pling rate. Shifting the A/D converter clock frequency too much can cause problems with disturbance suppression
particularly when a very specific sampling rate has been defined to suppress existing disturbances (e.g. 50 Hz to
suppress the 50 Hz hum). See also "Filter characteristics of the sigma-delta A/D converter" on page 106.

It is situations like this where the option to manually shift the frequency in the 1/0O configuration or ASIOACC library
should be utilized rather than relying on the default frequency shift that is based on the serial number.

A frequency shift like the one shown below would be sufficient to prevent modules from influencing one another
and would not cause any noticeable difference to the filter characteristics.

Slot 1 2 3 4 5 6
A/D converter clock frequency shift 0 2 -1 1 -2 0
Information:

* This register has no effect in synchronous mode because the firmware regulates the A/D con-
verter clock frequency in such a way that the A/D converter cycle is synchronous with the X2X
cycle.

*  When writing to this register using the ASIOACC library, only the lowest value byte of the written
value is accepted. For example, the value 256 (=0x100) is identical to the value 0 (=0x00).
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1.3.13.6.4 Module status

Name:

StatusinputO1
The current state of the module is indicated in this register.

Analog input modules < X20AI1744-10

Data type

Values

USINT

See the bit structure.

Bit structure:

Bit Description Value Information
0 A/D converter value 0 Valid A/D converter value
1 Invalid A/D converter value (analog value = 0xFF800000). Pos-
sible causes:
«  Strain gauge supply error
«  1/O power supply error
«  A/D converter not (yet) configured
1 Line monitoring 0 Ok
1 Open circuit
2 Only valid in synchronous mode 0 A/D converter runs synchronous to X2X Link
1 A/D converter does not run synchronous to X2X Link
3-7 Reserved -
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1.3.13.6.5 Strain gauge value

Name:
Analoglnput01

This register contains the raw value determined by the A/D converter for the full-bridge strain gauge with 24-bit
resolution.

Data type Values Information
DINT -8,388,608 Negative invalid value
-8,388,607 Negative full-scale deflection / Underflow
-8,388,606 to 8388606 Valid range
8,388,607 Positive full-scale deflection / Overflow / Open circuit

Effective resolution

In principle, the effective resolution of the A/D converter is dependent on the data rate and the measurement range
(see "Effective resolution of the A/D converter" on page 103).

The following table shows how the effective resolution (in bits) or effective range of values of the strain gauge value
depend on the module configuration (data rate, measurement range):

Measurement range
16 mV/V *8 mVIV *4 mV/IV *2 mVIV
Data rate Bits Range of Bits Range of Bits Range of Bits Range of values
foara [HZ] values values values
2.5 16.9 161,100 15.4 +21,600 14.5 +11,600 13.7 16,650
5 16.6 +49,700 15.2 +18,800 14.2 19,410 13.6 16,210
10 16.0 +32,800 15.2 +18,800 14.2 19,410 13.1 +4,390
15 16.0 +32,800 15.2 +18,800 14.1 18,780 13.1 +4,390
25 15.9 +30,600 14.7 +13,300 13.9 17,640 12.7 +3,330
30 15.7 +26,600 14.6 +12,400 13.6 16,210 12.7 +3,330
50 15.4 +21,600 14.5 +11,600 13.3 15,040 12.2 +2,350
60 15.2 +18,800 14.3 +10,100 13.1 14,390 12.2 +2,350
100 14.9 +15,300 13.8 +7,130 13.0 +4,100 12.0 +2,050
500 13.8 +7,130 12.8 +3,570 11.7 +1,660 10.7 +832
1000 13.3 15,040 12.3 +2,520 11.3 +1,260 10.3 +630
2000 12.7 +3,330 11.9 +1,910 10.8 +891 9.7 +416
3750 12.4 +2,700 1.4 +1,350 10.4 +676 9.2 +294
7500 12.0 +2,050 11.0 +1,020 10.1 +549 8.9 +239

Table 25: Effective resolution of the strain gauge value in bits for the measurement range 2 to 16 mV/V

Measurement range

256 mV/V 128 mV/V 64 mV/V *32 mVIV
Data rate Bits Range of Bits Range of Bits Range of Bits Range of values
foara [HZ] values values values

2.5 20.8 +913,000 20.0 +524,000 18.8 +228,000 17.6 +99,300
5 20.2 +602,000 19.5 +371,000 18.3 +161,000 17.4 +86,500
10 20.1 +562,000 19.4 +346,000 18.3 +161,000 17.0 165,500
15 19.8 +456,000 19.0 +262,000 17.9 +122,000 17.0 +65,500
25 19.7 +426,000 18.8 +228,000 17.9 +122,000 16.7 53,200
30 19.7 +426,000 18.5 +185,000 17.5 +92,700 16.7 153,200
50 19.2 +301,000 18.3 +161,000 17.5 +92,700 16.3 +40,300
60 19.2 +301,000 18.2 +151,000 17.2 +75,300 16.2 +37,600
100 18.9 +245,000 17.9 +122,000 16.8 157,100 15.9 +30,600
500 17.6 +99,300 16.8 157,100 15.8 +28,500 14.8 +14,300
1000 17.2 +75,300 16.2 +37,600 15.2 +18,800 14.3 +10,100
2000 16.5 +46,300 15.8 +28,500 14.7 +13,300 13.8 +7,130
3750 16.1 +35,100 15.4 +21,600 14.3 +10,100 13.3 +5,040
7500 15.9 +30,600 15.0 +16,400 14.0 +8,190 13.0 +4,100

Table 26: Effective resolution of the strain gauge value in bits for the measurement range 32 to 256 mV/V
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1.3.13.7 Register for "Function model 1 - Multisampling™

1.3.13.7.1 A/D converter configuration

Name:
ConfigGain01_MultiSample

Analog input modules < X20AI1744-10

The measurement range for the A/D converter can be configured in this register.

Data type Values

USINT See the bit structure.

Bit structure:

Bit Description Value Information
0-2 Standard measurement range (bit 2 = 0) 000 16 mV/V
001 8 mv/V
010 4 mVIV
011 2 mVIV
Extended measurement range (bit 2 = 1) 100 256 mV/V
101 128 mVIV
110 64 mV/V
111 32 mVIV
3-7 Reserved 0 (must be 0)

1.3.13.7.2 A/D converter cycle time

Name:
ConfigCycletime01_MultiSample

The A/D converter cycle time can be configured in this register.

In order for multisampling to work, the X2X cycle time must be divisible by the A/D converter cycle time to produce

a whole number.

Data type Value Information
USINT 0 50 ps (default)
1 100 ps
2 to 255 Reserved

1.3.13.7.3 Number of measured values

If the X2X cycle time is too short, then not all 10 measurements can be performed. To reduce the load on X2X Link,
it makes sense to only transfer as many values as measurements that can be made. This is why it is possible to
configure the number of measured values to be transferred (see "Function model 1 - Multisampling" on page 116).

Example: A/D converter cycle time = 50 us

X2X cycle time Number of measured values to be transferred
250 ps 5
300 ps 6
350 ps 7
400 ps 8
450 ps 9
2500 ps 10

Example: A/D converter cycle time = 100 ps

X2X cycle time

Number of measured values to be transferred

300 ps

3

400 ps

500 pis

600 ps

700 ps

800 ps

900 pis

©O|o(N|O|o

21 ms

=
o
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1.3.13.7.4 Module status

Name:

StatusinputO1
This register contains the current state of the module.

Data type

Values

USINT

See the bit structure.

Bit structure:

Bit Description Value Information
0 A/D converter values 0 Valid A/D converter value
1 Invalid A/D converter value
1 Line monitoring 0 OK
1 Open circuit
An open circuit was found during at least one measurement in
this X2X cycle. This bit is reset if all measurements are OK after
correcting this error, i.e. it does not have to be acknowledged.
2 Synchronous mode 0 A/D converter runs synchronous to X2X Link
1 A/D converter does not run synchronous to X2X Link
3-7 Reserved -

1.3.13.7.5 Strain gauge value - Multiple

Name:

Analoglnput01 to Analoginput10

This register contains the raw value determined by the A/D converter for the full-bridge strain gauge with 16-bit
resolution. The module returns between 3 and 10 measured values per X2X cycle depending on the configuration.

Effective resolution

In principle, the effective resolution of the A/D converter is dependent on the data rate and measurement range
(see "Effective resolution of the A/D converter" on page 103).

The following table shows how the effective resolution (in bits) or effective range of values of the strain gauge value
depend on the module configuration (data rate, measurement range).

Measurement range
+16 mV/V *8 mVIV *4 mVIV 2 mV/V
Bits Range of values Bits Range of values Bits Range of values Bits Range of values
1.7 +1,700 10.7 +840 9.8 +430 8.8 +220
Table 27: Effective resolution of the strain gauge value in bits for the measurement range 2 to 16 mV/V
Measurement range
+256 mV/V +128 mV/V 64 mV/V +32 mV/IV
Bits Range of values Bits Range of values Bits Range of values Bits Range of values
15.8 +27,600 15.0 416,400 13.7 6,520 12.8 +3,570

Table 28: Effective resolution of the strain gauge value in bits for the measurement range 32 to 256 mV/V
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1.3.13.8 Register for "Function model 2 - Extended filter"

1.3.13.8.1 A/D converter and IIR filter configuration

Name:

ConfigCommonOutput01

Analog input modules < X20AI1744-10

The IR low-pass filter and measurement range of the A/D converter can be configured in this register.

Data type

Values

USINT

See the bit structure.

Bit structure:

Bit Description Value Information
Filter level
0-3 IIR low-pass filter 0000 0: IR low-pass filter switched off
0001 1
0010 2
0011 3
0100 4
0101 5
0110 6
0111 7
1000 8
1001 - 1111 | The analog input value indicates an invalid range.
4-6 Default measurement range 000 16 mV/V
001 8 mV/V
010 4 mVIV
011 2mVIV
Extended measurement range 100 256 mV/V
101 128 mV/V
110 64 mV/V
111 32 mVIV
7 Reserved 0 (must be 0)
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1.3.13.8.2 Data rate configuration

Name:

ConfigFilterOutput01
Whether a selectable data rate or a high-resolution data rate is being used for the FIR filter is configured in this

register.
Data type Values Information
UINT 0 Mode "Selectable data rate™:
A selectable data rate is used for the FIR filter (default). Configuration takes place in register
"ConfigDatarateOutput01" on page 33.
1 Mode "High-resolution data rate":
A high-resolution data rate is used for the FIR filter. Configuration takes place in register "Con-
figHighResolutionOutput01" on page 33.
Name:

ConfigDatarateOutput01

The data rate of the FIR filter in mode "Selectable data rate" is configured in this register.

Data type

Values

USINT

See the bit structure.

Bit structure:

Bit Description Value Information
0-3 Data rate fpara (Samples per second): 0000 2.5

0001 5

0010 10

0011 15

0100 25

0101 30

0110 50

0111 60

1000 100

1001 500

1010 1000

1011 2000

1100 3750

1101 7500

1110 - 1111 | The analog input value indicates an invalid range.
4-7 Reserved 0 (must be 0)
Name:

ConfigHighResolutionOutput01
The data rate of the FIR filter in 0.1 Hz steps is configured in this register (0.1 to 6553.5 Hz).

Data type Values Information
UINT 0 Disables the FIR filter
1 to 65,535 0.1 to 6553.5 Hz
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1.3.13.8.3 Module status

Name:
StatusinputO1

This register contains the current state of the module. If there is a fault in the module power supply or strain gauge
supply, the analog input value indicates an invalid range and the buffer of the enabled filter is reset.

Data type Values
USINT See the bit structure.

Bit structure:

Bit Description Value Information
0 A/D converter values 0 Valid A/D converter value
1 Invalid A/D converter value
1 Line monitoring 0 OK
1 Open circuit
2 Reserved -
3 Module power supply 0 OK
1 Error in module power supply
4 Strain gauge supply 0 OK
1 Error in strain gauge supply
5 FIR filter ready 0 OK
1 FIR filter not yet ready
6-7 Reserved -

1.3.13.8.4 A/D converter conversion timestamp
Name:
AdcConvTimeStamplnput01

This register holds the timestamp of the last analog conversion. This is always the point in time in [us] at which the
conversion of the latest A/D converter raw value is completed.

Data type Values Explanation
DINT -2,147,483,648 to 2,147,483,647 Timestamp [ps] of the last analog conversion

1.3.13.9 Minimum cycle time

The minimum cycle time specifies how far the bus cycle can be reduced without communication errors occurring.
It is important to note that very fast cycles reduce the idle time available for handling monitoring, diagnostics and
acyclic commands.

Minimum cycle time
250 ps

1.3.13.10 Minimum I/O update time
The minimum 1/O update time specifies how far the bus cycle can be reduced so that an 1/O update is performed
in each cycle.

For the I/O update times for function models "0 - Standard", "2 - Extended filter" and "254 - Bus controller”, see
section "Characteristics of the FIR filter in mode "Selectable data rate"" on page 110.

Depending on the setting in register "ConfigCycletime01_MultiSample" on page 123, the 1/O update time in
"Function model 1 - Multisampling" is 50 or 100 us.
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1.4 X20Al12222

1.4.1 General information
The module is equipped with 2 inputs with 13-bit (including sign) digital converter resolution. It can be used to
capture voltage signals in the range from £10 V.

This module is designed for X20 6-pin terminal blocks. If needed (e.g. for logistical reasons), the 12-pin terminal
block can also be used.

* 2 analog inputs £10 V
» 13-bit digital converter resolution

1.4.2 Order data

Order number Short description Figure
Analog inputs
X20AI12222 X20 analog input module, 2 inputs, £10 V, 13-bit converter res-

olution, configurable input filter
Required accessories
Bus modules

X20BM11 X20 bus module, 24 VDC keyed, internal /O power supply con-
nected through
X20BM15 X20 bus module, with node number switch, 24 VDC keyed, in-

ternal 1/O power supply connected through
Terminal blocks

X20TB06 X20 terminal block, 6-pin, 24 VDC keyed
X20TB12 X20 terminal block, 12-pin, 24 VDC keyed

Table 29: X20A12222 - Order data
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1.4.3 Technical data
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Order number X20AI12222
Short description
1/0 module 2 analog inputs 10 V
General information
B&R ID code 0xCABO
Status indicators 1/0 function per channel, operating state, module status
Diagnostics
Module run/error Yes, using status LED and software
Inputs Yes, using status LED and software
Power consumption
Bus 0.01 W
Internal /0 0.8W"
Additional power dissipation caused by actuators -
(resistive) [W]
Certifications
CE Yes
EAC Yes
UL cULus E115267
Industrial control equipment
HazlLoc cCSAus 244665
Process control equipment
for hazardous locations
Class I, Division 2, Groups ABCD, T5
ATEX Zone 2, 113G ExnAnC IIAT5 Gc
IP20, Ta (see X20 user's manual)
FTZU 09 ATEX 0083X
DNV GL Temperature: B (0 - 55°C)
Humidity: B (up to 100%)
Vibration: B (4 g)
EMC: B (bridge and open deck)
LR ENV1
KR Yes
Analog inputs
Input 10V
Input type Differential input
Digital converter resolution +12-bit

Conversion time

300 ps for all inputs

Output format

Data type INT

Voltage 0x8001 - OX7FFF / 1 LSB = 0x0008 = 2.441 mV
Input impedance in signal range 20 MQ
Input protection Protection against wiring with supply voltage
Permissible input signal Max. £30 V
Output of digital value during overload Configurable
Conversion procedure SAR

Input filter 3rd-order low pass / cut-off frequency 1 kHz
Max. error at 25°C

Gain 0.08% 2

Offset 0.015% ¥
Max. gain drift 0.006 %/°C 2

Max. offset drift

0.002 %/°C 3

Common-mode rejection

DC 70 dB

50 Hz 70 dB
Common-mode range 12V
Crosstalk between channels -70 dB
Nonlinearity <0.025% 3
Isolation voltage between channel and bus 500 Vi

Electrical properties

Electrical isolation

Channel isolated from bus
Channel not isolated from channel

Operating conditions

Mounting orientation

Horizontal Yes
Vertical Yes
Installation elevation above sea level
0 to 2000 m No limitations
>2000 m Reduction of ambient temperature by 0.5°C per 100 m

Degree of protection per EN 60529

1P20

Table 30: X20Al2222 - Technical data
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Order number X20Al12222
Ambient conditions
Temperature
Operation
Horizontal mounting orientation -25 to 60°C
Vertical mounting orientation -25 to 50°C
Derating -
Storage -40 to 85°C
Transport -40 to 85°C
Relative humidity
Operation 5 to 95%, non-condensing
Storage 5 to 95%, non-condensing
Transport 5 to 95%, non-condensing
Mechanical properties
Note Order 1x X20TB06 or X20TB12 terminal block separately
Order 1x X20BM11 bus module separately
Spacing 12.5°2mm

1)
2)
3)

Based on the current measured value.
Based on the 20 V measurement range.

1.4.4 LED status indicators

For a description of the various operating modes, see section "Additional information - Diagnostic LEDs" in the

X20 system user's manual.

Table 30: X20Al2222 - Technical data

To reduce power dissipation, B&R recommends bridging unused inputs on the terminals.

Figure LED Color Status Description
" r Green Off No power to module
g LS Single flash | RESET mode
Tr— Blinking PREOPERATIONAL mode
- On RUN mode
e Red Off No power to module or everything OK
On Error or reset status
e+r Red on / Green single flash Invalid firmware
1-2 Green Off Open line or sensor is disconnected
Blinking Input signal overflow or underflow
On Analog/digital converter running, value OK
1.4.5 Pinout
Al+1U Al+2U
Al-1U Al-2U
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1.4.6 Connection example

Analog input modules <« X20AI2222

o

+24 VDC < » +24 VDC
GND <« » GND
1.4.7 Input circuit diagram
+

Al+xU :7<; ; ? 1

3 ; AD Input value

Pl Converter

[ I /0 status
Al-xU ! o ['T] -

LED (green) ::
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1.4.8 Register description
1.4.8.1 General data points

In addition to the registers described in the register description, the module has additional general data points.
These are not module-specific but contain general information such as serial number and hardware variant.
General data points are described in section "Additional information - General data points" in the X20 system user's
manual.

1.4.8.2 Function model 0 - Standard

Register Name Data type Read Write
Cyclic Non-cyclic Cyclic Non-cyclic

Analog signal - Configuration

16 ConfigOutputO1 (Input filter) USINT .

20 ConfigOutput03 (Lower limit value) INT .

22 ConfigOutput04 (Upper limit value) INT .
Analog signal - Communication

0 Analoginput01 INT .

2 Analoglnput02 INT .

30 Statusinput01 USINT .

1.4.8.3 Function model 254 - Bus controller

Register Offset Name Data type Read Write
Cyclic Non-cyclic Cyclic Non-cyclic

Analog signal - Configuration

16 - ConfigOutput01 (Input filter) USINT .

20 - ConfigOutput03 (Lower limit value) INT .

22 - ConfigOutput04 (Upper limit value) INT .
Analog signal - Communication

0 0 Analoglnput01 INT °

2 2 Analoglnput02 INT .

30 - Statusinput01 USINT .

1) The offset specifies the position of the register within the CAN object.
1.4.8.3.1 Using the module on the bus controller

Function model 254 "Bus controller" is used by default only by non-configurable bus controllers. All other bus
controllers can use other registers and functions depending on the fieldbus used.

For detailed information, see section "Additional information - Using I/O modules on the bus controller" in the X20
user's manual (version 3.50 or later).

1.4.8.3.2 CAN 1/O bus controller

The module occupies 1 analog logical slot on CAN 1/O.

1.4.8.4 Analog inputs

The input state is collected with a fixed offset to the network cycle and transferred in the same cycle.
1.4.8.5 Input values of analog inputs

Name:
Analoglnput01 to Analoginput02

This register contains the analog input value.

Data type Values Input signal:
INT -32768 to 32767 Voltage signal -10 to 10 VDC

132



Analog input modules < X20Al12222
1.4.8.6 Input filter
This module is equipped with a configurable input filter. The minimum cycle time must be >500 ps. Filtering is
disabled for shorter cycle times.
If the input filter is active, then the scan rate for the channels is measured in ms. The time offset between the
channels is 200 us. The conversion takes place asynchronously to the network cycle.
1.4.8.6.1 Input ramp limiting
Input ramp limiting can only be performed in conjunction with filtering. Input ramp limiting is performed before
filtering.

The difference of the input value change is checked for exceeding the specified limit. In the event of overshoot,
the tracked input value is equal to the old value * the limit value.

Configurable limit values:

Value Limit value
0 The input value is used without limitation.
O0x3FFF = 16383
Ox1FFF = 8191
O0xOFFF = 4095
0x07FF = 2047
0x03FF = 1023
0x01FF =511
0x00FF = 255

N|oO|Oa|R[WIN|—~

Input ramp limiting is well suited for suppressing disturbances (spikes). The following examples show the function-
ality of input ramp limiting based on an input step and a disturbance.

Example 1
The input value jumps from 8000 to 17000. The diagram shows the tracked input value with the following settings:
Input ramp limiting = 4 = Ox07FF = 2047

Filter level = 2

= === Input value

Internally tracked input value before the filter

8000

¢12345678 t [ms]

Input step

Figure 1: Tracked input value for input step
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Example 2

A disturbance interferes with the input value. The diagram shows the tracked input value with the following settings:
Input ramp limiting = 4 = 0x07FF = 2047

Filter level = 2

= === Input value

Internally tracked input value before the filter

16000 ----------o---o- feo

8000 < | * |

1 2 3 4 5 6 7 8 t [ms]

Figure 2: Tracked input value for disturbance
1.4.8.6.2 Filter level

A filter can be defined to prevent large input steps. This filter is used to bring the input value closer to the actual
analog value over a period of several bus cycles.
Filtering takes place after any input ramp limiting has been carried out.

Formula for calculating the input value:

Value gig . Input value

Value = Value - -
New Old Filter level Filter level

Adjustable filter levels:

Value Filter level

0 Filter switched off
Filter level 2
Filter level 4
Filter level 8
Filter level 16
Filter level 32
Filter level 64
Filter level 128

N|O|O|RlWIN|—~
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The following examples show the functionality of the filter based on an input step and a disturbance.

Example 1

The input value jumps from 8000 to 16000. The diagram shows the calculated value with the following settings:
Input ramp limiting = 0

Filter level =2 or 4

Input value
--------- Calculated value: Filter level 2
—=—=— Calculated value: Filter level 4
L e
PEPTTTTTrT '____'___J_'
4 1 assssses , o ———
H o ——
_
P
41 e s
]
8000 !
0 —t 1 1 1 1 1 1 1
¢ 1 2 3 4 5 6 7 8 t [ms]
Input step

Figure 3: Calculated value during input step
Example 2
A disturbance interferes with the input value. The diagram shows the calculated value with the following settings:
Input ramp limiting = 0
Filter level =2 or 4

Input value
--------- Calculated value: Filter level 2
——=— Calculated value: Filter level 4

16000

Disturbance (spike)
/
___i""'"""'i.-..—.:.n __________
8000 —— 24 0 N e mmRsmmee
0 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 t[ms]

Figure 4: Calculated value during disturbance
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1.4.8.7 Configuring the input filter

Name:
ConfigOutput01
The filter level and input ramp limiting of the input filter are set in this register.
Data type Values Bus controller default setting
USINT See the bit structure. 0
Bit structure:
Bit Description Value Information
0-2 Defines the filter level 000 Filter disabled (bus controller default setting)
001 Filter level 2
010 Filter level 4
011 Filter level 8
100 Filter level 16
101 Filter level 32
110 Filter level 64
111 Filter level 128
3 Reserved 0
4-6 Defines input ramp limiting 000 The input value is applied without limitation
(bus controller default setting)
001 Limit value = Ox3FFF (16383)
010 Limit value = Ox1FFF (8191)
011 Limit value = OxOFFF (4095)
100 Limit value = 0xO7FF (2047)
101 Limit value = OxO3FF (1023)
110 Limit value = 0x01FF (511)
1M1 Limit value = OxO0FF (255)
7 Reserved 0

1.4.8.8 Lower limit value
Name:
ConfigOutput03

The lower limit value for analog values can be set in this register. If the analog value goes below the limit value,
it is frozen at this value and the corresponding error status bit is set.

Data type Values Information
INT -32767 to 32767 Bus controller default setting: -32767

Information:
The default value of -32767 corresponds to the minimum default value of -10 VDC.

It is important to note that this setting applies to all channels!

1.4.8.9 Upper limit value
Name:
ConfigOutput04

The upper limit value for analog values can be set in this register. If the analog value goes above the limit value,
it is frozen at this value and the corresponding error status bit is set.

Data type Values Information
INT -32767 to 32767 Bus controller default setting: 32767

Information:
Default value 32767 corresponds to the maximum default value at +10 VDC.

It is important to note that this setting applies to all channels!
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1.4.8.10 Input status

Name:
StatusinputO1

Analog input modules < X20Al12222

This register is used to monitor the module inputs. A change in the monitoring status generates an error message.

Data type Values

USINT See the bit structure.

Bit structure:

Bit Description Value Information

0-1 Channel 1 00 No error
01 Lower limit value exceeded
10 Upper limit value exceeded
11 Open line

2-3 Channel 2 00 No error
01 Lower limit value exceeded
10 Upper limit value exceeded
11 Open line

4-7 Reserved 0

Limiting the analog value

In addition to the status information, the analog value is fixed to the values listed below by default in an error state.
The analog value is limited to the new values if the limit values were changed.

Error state

Digital value on error (default values)

Open circuit

+32767 (Ox7FFF)

Upper limit value overshot

+32767 (Ox7FFF)

Lower limit value undershot

-32767 (0x8001)

Invalid value

-32768 (0x8000)

1.4.8.11 Minimum cycle time

The minimum cycle time specifies how far the bus cycle can be reduced without communication errors occurring.
It is important to note that very fast cycles reduce the idle time available for handling monitoring, diagnostics and
acyclic commands.

Minimum cycle time
Inputs without filtering 100 ps
Inputs with filtering 500 ps

1.4.8.12 Minimum 1I/O update time

The minimum I/O update time specifies how far the bus cycle can be reduced so that an 1/0 update is performed
in each cycle.

Minimum /O update time

Inputs without filtering 300 ps for all inputs
Inputs with filtering 1ms
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1.5 X20Al12237

1.5.1 General information

The module is equipped with 2 voltage measurement inputs with 16-bit digital converter resolution.

Each voltage input has its own sensor supply. The two channels with their respective sensor supplies are electrically
isolated from each other.

* 2 analog voltage inputs

» Electrically isolated analog channels

» Electrically isolated sensor supplies

» 16-bit digital converter resolution

* Very high sampling rate

* NetTime timestamp: Moment of measurement

NetTime timestamp of the measurement

For many applications, not only the measured value is important, but also the exact time of the measurement. The
module is equipped with a NetTime timestamp function for this that supplies a timestamp for the recorded position
and trigger time with microsecond accuracy.

The timestamp function is based on synchronized timers. If a timestamp event occurs, the module immediately
saves the current NetTime. After the respective data is transferred to the CPU, including this precise moment, the
CPU can then evaluate the data using its own NetTime (or system time), if necessary.

1.5.2 Order data

Order number Short description Figure
Analog inputs

X20AI12237 X20 analog input module, 2 inputs, £10 V, 16-bit converter reso-
lution, single-channel isolation with separate sensor power sup-
ply, NetTime function

Required accessories

Bus modules

X20BM11 X20 bus module, 24 VDC keyed, internal I/O power supply con-
nected through
X20BM15 X20 bus module, with node number switch, 24 VDC keyed, in-

ternal I/O power supply connected through
Terminal blocks
X20TB12 X20 terminal block, 12-pin, 24 VDC keyed

Table 31: X20Al12237 - Order data
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Sensor power supply

Order number X20A12237
Short description
1/0 module 2 analog inputs 10 V
General information
B&R ID code 0xC9C4
Status indicators 1/0 function per channel, operating state, module status, sensor power supply per channel
Diagnostics
Module run/error Yes, using LED status indicator and software
Inputs Yes, using LED status indicator and software

Yes, using LED status indicator and software

Power consumption
Bus
Internal 1/0

0.05 W
1.05 W (Rev. 2 D0), 1.15 W (Rev. < D0) "

Additional power dissipation caused by actuators
(resistive) [W]

Certifications
CE Yes
ATEX Zone 2,11 3G ExnAnC IIA T5 Ge
IP20, Ta (sge X20 user's manual)
FTZU 09 ATEX 0083X
uL cULus E115267
Industrial control equipment
HazlLoc cCSAus 244665
Process control equipment
for hazardous locations
Class |, Division 2, Groups ABCD, T5
EAC Yes
Analog inputs
Input 10V
Input type Differential input
Digital converter resolution +15-bit

Data output rate

10000 samples per second

Output format

Data type INT

Voltage INT 0x8001 - Ox7FFF / 1 LSB = 0x0001 = 305.176 pV
Input impedance in signal range 20 MQ

Input protection

Up to 30 VDC, reverse polarity protection

Open-circuit detection

Yes, using software

Permissible input signal Max. £30 V
Output of digital value during overload Configurable
Conversion procedure SAR

Input filter Fourth-order low-pass filter / Cutoff frequency 10 kHz
Max. error

Gain 0.013% 2

Offset 0.0035% ¥
Max. gain drift <0.0008%/°C 2
Max. offset drift <0.0025%/°C 3
Common-mode rejection

DC 84 dB

Up to 60 Hz 84 dB

Up to 10 kHz 82 dB
Common-mode range 14V
Nonlinearity <0.003% 2
Test voltage

Channel - Channel 1000 VAC

Channel - Bus 1000 VAC

Channel - Ground 1000 VAC

Bus - Ground 800 VAC
Sensor power supply
Power consumption 0.75 W per channel
Nominal voltage 25V £2%
Nominal output current Max. 30 mA

Short-circuit proof

Yes, continuous

Max. voltage ripple

Up to 100 kHz <2.2mV

Up to 1 MHz <22 mV

Higher <100 mV
Short-circuit current

Typical <50 mA

Maximum 60 mA

Behavior on short circuit

Current limiting

Table 32: X20Al2237 - Technical data
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Order number

X20AI12237

Electrical properties

Electrical isolation

Channel isolated from channel and bus
Sensor power supply isolated from sensor power supply
Sensor power supply not isolated from channel

Operating conditions

Mounting orientation

Horizontal Yes

Vertical Yes
Installation elevation above sea level

0 to 2000 m No limitation

>2000 m Reduction of ambient temperature by 0.5°C per 100 m
Degree of protection per EN 60529 1P20
Ambient conditions
Temperature

Operation

Horizontal mounting orientation -25 to 60°C
Vertical mounting orientation -25 to 50°C

Derating -

Storage -40 to 85°C

Transport -40 to 85°C
Relative humidity

Operation 5 to 95%, non-condensing

Storage 5 to 95%, non-condensing

Transport 5 to 95%, non-condensing
Mechanical properties
Note Order 1x terminal block X20TB12 separately.

Order 1x bus module X20BM11 separately.

Pitch 12.5*92 mm

1) To reduce power dissipation, B&R recommends bridging unused inputs.

2) Based on the current measured value.
3) Based on the 20 V measurement range.

Table 32: X20Al2237 - Technical data
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1.5.4 LED status indicators
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For a description of the various operating modes, see section "Additional information - Diagnostic LEDs" in the

X20 system user's manual.

Figure LED | Color | Status | Description
Operating state
r Green Off No power to module
Single flash UNLINK mode
Double flash BOOT mode (during firmware update)"
Blinking quickly SYNC mode
?1 Blinking slowly PREOPERATIONAL mode
o On RUN mode
< Module status
=) e Red Off No power to module or everything OK
Q On Error or reset status
Sensor supply
\% Yellow Off Module supply not connected or overload
On Sensor supply in its normal operating range
Analog input
1-2 Green Off Indicates one of the following cases:
*  No power to module
*  Channel disabled
*  Open line
Single flash Input signal overflow or underflow
On Analog/digital converter running, value OK

1) Depending on the configuration, a firmware update can take up to several minutes.

1.5.5 Pinout

Shielded twisted pair cables should be used to minimize coupling disturbances. Use either one cable for each
channel or a multiple twisted pair cable for both channels.

Sensor power supply 1 +

Sensor power supply 1 —

Sensor power supply 2 +

Sensor power supply 2 -

Channel 1 +

Channel 1 -

Channel 2 +

Channel 2 -
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1.5.6 Connection examples

2-wire connections
A 2-wire connection can be implemented as follows:

» 2-wire transducer
» Active voltage source

E

o1 O ] 2-wire
transducer
o1 FO =] (passive)
o1 to — | 3
5
3
O O_—L 5
L] el
_ o
>

+24VDC < » +24 VDC
GND <« » GND

4-wire connections
A 4-wire connection can be implemented as follows:

» 4-wire transducer with external supply
* 4-wire transducer supplied by the module

Al 1)
o1 O x| 4-wire
transducer
o1 FO = (active)
1
d)' O x| 4-wire
transducer
(P_ FO = (active)
T
= 2
+24 VDC <« » +24 \V\DC
GND < » GND
1) With external power supply.
2) With internal power supply. The internal power supply is only permitted to be loaded with max. 30 mA.
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Galvanic
e isolation
Sensor power supply x + i O—-+——— .
P PR X 495 DC-to-DC : . - |
Pl : ower supply
28V :
L Input DC-to-DC : 18-30V
[ protection LTI I I GNDx : GND I/O
X i
! ; 25V DC-to-DC s
! 5V
Sensor power supply X - | o—1—i DC-to-DC
Pt 33V
i !GNDx
i
.
.
.
P
Channel x + ! o—
P
i
: ! Inqu Ir.1put — Processor
HE protection filter converter
.
.
Channel x - 1 (1%
i

1.5.8 Behavior in the event of short circuit

In the event of a short circuit, the output current for the sensor supply is limited according to the following diagram.
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1.5.9 Register description
1.5.9.1 General data points

In addition to the registers described in the register description, the module has additional general data points.
These are not module-specific but contain general information such as serial number and hardware variant.
General data points are described in section "Additional information - General data points" in the X20 system user's
manual.

1.5.9.2 Function model 0 - default

Register Name Data type Read Write
Cyclic Acyclic Cyclic Acyclic
Analog input - Configuration
390 AnalogFilter01 UINT .
434 AnalogFilter02
386 AnalogMode01 UINT .
430 AnalogMode02
402 UpperLimit01 INT .
446 UpperLimit02
398 LowerLimit01 INT .
442 LowerLimit02
406 Hysteres01 INT .
450 Hysteres02
414 ReplacementUpper01 INT .
458 ReplacementUpper02
410 ReplacementLower01 INT .
454 ReplacementLower02
426 PreparationintervalO1 UINT .
470 Preparationinterval02
418 ErrorDelay01 UINT .
462 ErrorDelay02
422 SumErrorDelay01 UINT .
466 SumErrorDelay02
Analog input - Communication
0 Analoglnput01 (limited) INT .
2 Analoglnput02 (limited)
258 Analoglnput01 (original value) INT .
262 Analoglnput02 (original value)
284 AnalogSampletime01 (32-bit) DINT .
292 AnalogSampletime02 (32-bit)
282 AnalogSampletime01 (16-bit) INT .
290 AnalogSampletime02 (16-bit)
273 AnalogStatus01 USINT .
275 AnalogStatus02
UnderflowAnaloglnput01 or 02 Bit 0
OverflowAnaloglnput01 or 02 Bit 1
OpenLineAnaloglnput01 or 02 Bit 2
SumErrorAnaloginput01 or 02 Bit 4
SensorErrorAnaloglnput01 or 02 Bit 6
loSuppErrorAnaloginput01 or 02 Bit 7
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Register Offset? Name Data type Read Write
Cyclic Acyclic Cyclic Acyclic
Analog input - Configuration
390 - AnalogFilter01 UINT .
434 - AnalogFilter02
386 - AnalogMode01 UINT .
430 - AnalogMode02
402 - UpperLimit01 INT .
446 - UpperLimit02
398 - LowerLimit01 INT .
442 - LowerLimit02
406 - Hysteres01 INT .
450 - Hysteres02
414 - ReplacementUpper01 INT .
458 - ReplacementUpper02
410 - ReplacementLower01 INT .
454 - ReplacementLower02
426 - PreparationintervalO1 UINT .
470 - Preparationinterval02
418 - ErrorDelay01 UINT .
462 - ErrorDelay02
422 - SumErrorDelay01 UINT .
466 - SumErrorDelay02
Analog input - Communication
0 0 Analoglnput01 INT °
2 2 Analoglnput02
273 - AnalogStatus01 USINT .
275 - AnalogStatus02
UnderflowAnaloglnput01 or 02 Bit 0
OverflowAnaloglnput01 or 02 Bit 1
OpenLineAnaloglnput01 or 02 Bit 2
SumErrorAnaloglnput01 or 02 Bit 4
SensorErrorAnaloginput01 or 02 Bit 6
loSuppErrorAnaloglinput01 or 02 Bit 7

1) The offset specifies the position of the register within the CAN object.

1.5.9.3.1 Using the module on the bus controller

Function model 254 "Bus controller" is used by default only by non-configurable bus controllers. All other bus
controllers can use other registers and functions depending on the fieldbus used.

For detailed information, see section "Additional information - Using 1/0 modules on the bus controller” in the X20
user's manual (version 3.50 or later).

1.5.9.3.2 CAN 1I/O bus controller

The module occupies 1 analog logical slot on CAN 1/0.
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1.5.9.4 General information

The module provides 2 electrically isolated channels. Each channel can read an electrical voltage signal in the 10
V range and supply the signal encoder with 24 VDC.

1.5.9.5 Analog input - Configuration

Each channel is configured and enabled separately. First, the user must set the scaling of the input value and
select a replacement value strategy. Depending on the requirements of the application, the user can also set user-
defined limit values and define an input filter.

Scaling

The module's A/D converter works with a resolution of 16 bits (£15 bits). This allows the input value of £10 V to
be mapped using +32767 steps. To simplify implementation, the user can configure scaling to 10000 steps. The
conversion value corresponds to the voltage in mV, and with a resolution of more than 14 bits (£13 bits) is still
precise enough for the many different application that use this technology.

Replacement value strategy

The detected voltage is evaluated in order to ensure the quality of the read value. For example, if a logically
impermissible voltage value or an open line is detected, the limit monitor triggers an appropriate response.

The response is determined by the replacement value strategy selected by the user. With the option "Replace with
static value", the user defines two values that replace the converted value when the upper and lower limits are
exceeded. The alternative "Retain last valid value" keeps the last validated value. However, the evaluation for this
option takes more time. Depending on the "preparation interval”, the value currently being read may be delayed.

Limit Value Monitoring

In addition to the qualitative evaluation of the input, the module also provides the option of adapting the range of
permitted values to the requirements of the application. The registers "UpperLimit" on page 151 and "LowerLimit"
on page 151 can be used to place additional restrictions on the permitted upper and lower limit. When this feature
is used, the selected replacement value strategy is implemented according to the new limits.
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1.5.9.5.1 Input filter

Analog input signals can experience brief disturbances caused by external factors (EMC). The A/D converters high
sampling rate allows you to filter out these types of signal peaks without hindering the application processes.

2 configuration points are available for interpolating the input signal:
* "Input ramp limiting" on page 147

» "Filter level" on page 148

1.5.9.5.1.1 Input ramp limiting
Input ramp limiting can only be performed in conjunction with filtering. Input ramp limiting is performed before
filtering.

The difference of the input value change is checked for exceeding the specified limit. In the event of overshoot,
the tracked input value is equal to the old value * the limit value.

Configurable limit values:

Value Limit value
0 The input value is used without limitation.
O0x3FFF = 16383
Ox1FFF = 8191
O0xOFFF = 4095
0x07FF = 2047
0x03FF = 1023
0x01FF =511
0x00FF = 255

N|oO|O|_[WIN|—~

Input ramp limiting is well suited for suppressing disturbances (spikes). The following examples show the function-
ality of input ramp limiting based on an input step and a disturbance.

Example 1

The input value jumps from 8000 to 17000. The diagram shows the tracked input value with the following settings:
Input ramp limiting = 4 = Ox07FF = 2047

Filter level = 2

= === Input value

Internally tracked input value before the filter

8000

¢12345678 t [ms]

Input step

Figure 5: Tracked input value for input step
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Example 2

A disturbance interferes with the input value. The diagram shows the tracked input value with the following settings:
Input ramp limiting = 4 = 0x07FF = 2047

Filter level = 2

= === Input value

Internally tracked input value before the filter

16000 ----------o---o- feo

8000 < | * |

1 2 3 4 5 6 7 8 t [ms]

Figure 6: Tracked input value for disturbance

1.5.9.5.1.2 Filter level

A filter can be defined to prevent large input steps. This filter is used to bring the input value closer to the actual
analog value over a period of several bus cycles.
Filtering takes place after any input ramp limiting has been carried out.

Formula for calculating the input value:

Value gig . Input value
Filter level Filter level

Valuenew = Valuepyq

Adjustable filter levels:

Value Filter level

0 Filter switched off
Filter level 2
Filter level 4
Filter level 8
Filter level 16
Filter level 32
Filter level 64
Filter level 128

N|oO|O|_[WIN|—~
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The following examples show the functionality of the filter based on an input step and a disturbance.

Example 1

The input value jumps from 8000 to 16000. The diagram shows the calculated value with the following settings:
Input ramp limiting = 0

Filter level =2 or 4

Input value
--------- Calculated value: Filter level 2
—=—=— Calculated value: Filter level 4
L e
PEPTTTTTrT '____'___J_'
4 1 assssses , o ———
H o ——
_
P
41 e s
]
8000 !
0 —t 1 1 1 1 1 1 1
¢ 1 2 3 4 5 6 7 8 t [ms]
Input step

Figure 7: Calculated value during input step
Example 2
A disturbance interferes with the input value. The diagram shows the calculated value with the following settings:
Input ramp limiting = 0
Filter level =2 or 4

Input value
--------- Calculated value: Filter level 2
——=— Calculated value: Filter level 4

16000

Disturbance (spike)
/
___i""'"""'i.-..—.:.n __________
8000 —— 24 0 N e mmRsmmee
0 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 t[ms]

Figure 8: Calculated value during disturbance
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1.5.9.5.1.3 Configuring filters

Name:
AnalogFilter01 to AnalogFilter02

This regqister is used to define the filter level and input ramp limitation of the input filter.

Data type Value Bus controller default setting
UINT See bit structure. 0

Bit structure:

Bit Description Value Information

0-2 Defines the filter level 000 Filter disabled (bus controller default setting)
001 Filter level 2
010 Filter level 4
011 Filter level 8
100 Filter level 16
101 Filter level 32
110 Filter level 64
111 Filter level 128

3 Reserved 0
4-6 Defines input ramp limiting 000 The input value is applied without limitation
(bus controller default setting)
001 Limit value = 0x3FFF (16383)
010 Limit value = Ox1FFF (8191)
011 Limit value = OxOFFF (4095)
100 Limit value = Ox07FF (2047)
101 Limit value = 0x03FF (1023)
110 Limit value = 0x01FF (511)
111 Limit value = OxO0FF (255)
7 Reserved 0

1.5.9.5.2 Channel parameters
Name:
AnalogMode01 to AnalogMode02

These registers are used to predefine the operating parameters that the module will be using for the respective
channel. Each channel must be enabled individually and can be configured and operated independently.

Information:
Different limit values must be configured for any display normalizing that needs to take place.
Data type Value Bus controller default setting
UINT See bit structure. 15
Bit structure:
Bit Name Value Information
0 Channel (on/off) 0 Disabled
1 Enabled (bus controller default setting)
1 Limit exceeded 0 Disabled
1 Enabled (bus controller default setting)
2 Lower limit violation 0 Disabled
1 Enabled (bus controller default setting)
3 Reserved 0
4 Replacement value strategy 0 Replace with static value
1 Retain last valid value
5 Measured value scaling 0 +32767 (resolution: 16-bit)
1 +10000 (resolution: >14-bit)
6-15 Reserved 0
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1.5.9.5.3 Upper limit value

Name:
UpperLimit01 to UpperLimit02

If the value range needs to be restricted further, this register can be used to enter new user-specific upper limit
values.

Data type Value Information
INT -32767 to 32767. Bus controller default setting: 32767
-10000 to 10000

Information:

The defined limit values must take the configured scaling into consideration.

1.5.9.5.4 Lower limit value
Name:
LowerLimit01 to LowerLimit02

If the value range needs to be restricted further, this register can be used to enter new user-specific lower limit
values.

Data type Value Information
INT -32767 to 32767. Bus controller default setting: -32767
-10000 to 10000

Information:

The defined limit values must take the configured scaling into consideration.

1.5.9.5.5 Hysteresis

Name:
Hysteres01 to Hysteres02

If the user-specific limit values are being used, then a hysteresis range should also be defined. These registers
configure how far a limit value can be exceeded before a response is triggered.

The error status is cleared when the scaled input value once again passes the limit by at least the hysteresis value
in the permitted direction.

Data type Value Information
INT -32767 to 32767. Bus controller default setting: 100
-10000 to 10000

Information:

The hysteresis value must take the scaling into consideration.

1.5.9.5.6 Upper replacement value
Name:
ReplacementUpper01 to ReplacementUpper02

This register is used to define the static values to be displayed instead of the current measured value when the
limit is violated.

Data type Value Information
INT -32767 to 32767. Bus controller default setting: 32767
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1.5.9.5.7 Lower replacement value

Name:
ReplacementLower01 to ReplacementLower02

This register is used to define the lower static values to be displayed instead of the current measured value when
the limit is violated.

Data type Value Information
INT -32767 to 32767 Bus controller default setting: -32767

1.5.9.5.8 Preparation time for the measured values

Name:
Preparationinterval01 to Preparationinterval02

If the last valid measured value should be kept when violating the limit value, then Preparationinterval must be
defined. The measured values continue to be acquired and converted according to the configured 1/0O update
time. They are then checked and discarded if they do not meet the specifications. When an error does not occur,
therefore, the measured value acquired 2 preparation intervals ago is constantly output.

Data type Value Information
UINT 0 to 65535 In 0.1 ms.
Bus controller default setting: 0
"Application"
Value being measured (analog)
Functionality: Condition:
Measured values are continuously converted and stored to measured value memory depending on the config- ! - Conversion interval (A/D converter)
ured input filter. The current contents of the measured value memory are checked within the configured inter- elapsed
val. If a permissible value is present, then the contents of the buffer memory are passed to output memory and "Measured value memory”
the contents of the measured value memory are passed to the buffer. Measured value (digital)
If the check turns up an impermissible value, then the contents of the measured value memory are discarded. ——
s ) ! Condition:
The copy direction between output and buffer memory reverses and the last valid value continues to be output. )
! - Preparationinterval elapsed
- Measured value permissible
. . "Buffer"
Information: Last valid value
If configured to keep the last valid value, the delay time from measuring to outputting the value Condition:
will be at least twice the preparation interval. In the worst case scenario, this can also take twice | |- Preparationinterval elapsed
the interval time plus the configured conversion rate of the A/D converter. - Measured value permissible
"Output memory"
Next-to-last valid/
displayed value

1.5.9.5.9 Delaying error messages

Name:

ErrorDelay01 to ErrorDelay02

This register specifies the number of consecutive conversion procedures where an error is pending until the cor-
responding individual error status bit is set. The delay applies to underflow, overflow and open circuit errors. This
delay can be used to hide temporary measured value deviations, for example.

Data type Value Information
UINT 0 to 65535 Bus controller default setting: 2

1.5.9.5.10 Time for composite error bit

Name:
SumErrorDelay01 to SumErrorDelay02

This register can be used to set the time that an error must remain pending before the composite error bit is set.

Data type Value Information
UINT 0 to 65535 Bus controller default setting: 4000
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1.5.9.6 Analog input - Communication

The measured voltage data can be obtained via 2 different registers: The unevaluated measured value contains the
scaled converter value. The evaluated measured value also takes the limit values and the configured replacement
value strategy into consideration.

1.5.9.6.1 Analog input values - Original values
Name:
Analoglnput01 to Analoglnput02

These registers are used to indicate the actual input values after standardization.

Data type Value
INT -32767 to 32767
-10000 to 10000

1.5.9.6.2 Analog input values - Limited

Name:
Analoglnput01 to Analoginput02

These registers are used to indicate the actual input values after standardization. In addition, the settings for limit
value monitoring and replacement value strategy are applied to this register.
Data type Value

INT -32767 to 32767
-10000 to 10000

1.5.9.6.3 Sample time
Name:
Sampletime01 to Sampletime02

These registers return the timestamp for when the module reads the current channel mapping. The values are
provided as signed 2-byte or 4-byte values.

For additional information about NetTime and timestamps, see "NetTime Technology" on page 155.

Data type Values [us] Information

INT -32,768 to 32767 NetTime timestamp of the current input value

DINT -2,147,483,648 NetTime timestamp of the current input value
to 2,147,483,647
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1.5.9.6.4 Status of the inputs

Name:

AnalogStatus01 to AnalogStatus02
UnderflowAnaloglnput01 to UnderflowAnaloginput02
OverflowAnaloglnputO1 to OverflowAnaloglnput02
OpenLineAnaloginput01 to OpenLineAnaloglnput02
SumErrorAnaloglnput01 to SumErrorAnaloglnput02
SensorErrorAnaloginput01 to SensorErrorAnaloginput02
loSuppErrorAnaloglnput01 to loSuppErrorAnaloglinput02

The current error status of the module channels is displayed in this register, regardless of the configured replace-
ment value strategy. Some error information may be delayed according to the previously configured condition.

Setting "Format of status information" in Automation Studio allows you to specify whether the status information
is transferred as USINT or bitwise.

Data type Value
USINT See bit structure.
Bit structure:
Bit Name Value Information
0 UnderflowAnaloglnput01 or 02 0 No error
1 Below lower limit value
1 OverflowAnaloginput01 or 02 0 No error
1 Above upper limit value
2 OpenLineAnaloglnput01 or 02 0 No error
1 Open line detected
3 Reserved 0
4 SumErrorAnaloglnput01 or 02 0 No error
1 Composite error detected
5 Reserved 0
6 SensorErrorAnaloglinput01 or 02 0 Sensor voltage OK
1 Sensor load too high
7 loSuppErrorAnaloglnput01 or 02 0 1/0 power supply OK
1 1/0 power supply error detected

UnderflowAnaloginput

The signal underflow error status is indicated here according to the configuration. This error information is enabled
as a multiple of the conversion cycle only after the configurable delay time has passed (see "ErrorDelay" on page
152 regqister).

OverflowAnaloginput

The signal overflow error status is indicated here according to the configuration. This error information is enabled
as a multiple of the conversion cycle only after the configurable delay time has passed (see "ErrorDelay" on page
152 reqister).

SumErrorAnaloginput

This error information derives from the status of individual errors and is only activated after the configurable delay
time has passed [ms] (see "SumErrorDelay" on page 152 register). Linking this error information to an application
makes it possible to hide temporary temperature value overflows and underflows, for example.
SensorErrorAnaloglinput

In addition to the analog input, the module also provides the option of supplying the connected encoder with 24 VDC.
If the input impedance for the sensor is too high, however, the integrated voltage supply will fail.
loSuppErrorAnaloginput

This error is activated immediately as soon as the module detects that the necessary supply voltage is no longer
being provided (<20 VDC).
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1.5.9.7 NetTime Technology

NetTime refers to the ability to precisely synchronize and transfer system times between individual components of
the controller or network (CPU, I/O modules, X2X Link, POWERLINK, etc.).

This allows the moment that events occur to be determined system-wide with microsecond precision. Upcoming
events can also be executed precisely at a specified moment.

NetTime?

TECHNOLOGY

1.5.9.7.1 Time information

Various time information is available in the controller or on the network:

+ System time (on the PLC, Automation PC, etc.)

» X2X Link time (for each X2X Link network)

* POWERLINK time (for each POWERLINK network)
» Time data points of /O modules

The NetTime is based on 32-bit counters, which are increased with microsecond resolution. The sign of the time
information changes after 35 min, 47 s, 483 ms and 648 us; an overflow occurs after 71 min, 34 s, 967 ms and
296 ps.

The initialization of the times is based on the system time during the startup of the X2X Link, the I/O modules or
the POWERLINK interface.

Current time information in the application can also be determined via library AslOTime.
1.5.9.7.1.1 PLC/Controller data points
The NetTime /O data points of the PLC or the controller are latched to each system clock and made available.

1.5.9.7.1.2 X2X Link reference moment

Full cycle Half cycle Full cycle Half cycle Full cycle

|System time | XZ),( Link | | System time | X2)'( Link | System time
time time
X2X Link Al | SO SI Al | SO SI Al |
Task class Task class Task class
23000 24000 25000 26000 27000
System cycle time = 2 ms
X2X cycle time =2 ms

The reference moment on the X2X Link network is always calculated at the half cycle of the X2X Link cycle. This
results in a difference between the system time and the X2X Link reference moment when the reference time is
read out.

In the example above, this results in a difference of 1 ms, i.e. if the system time and X2X Link reference moment
are compared at time 25000 in the task, then the system time returns the value 25000 and the X2X Link reference
moment returns the value 24000.
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1.5.9.7.1.3 POWERLINK - Reference time point

Full cycle Full cycle Full cycle

System time System time System time

POWERLINK
NetTime SoC

POWERLINK
NetTime SoC

POWERLINK
NetTime SoC

N
POWERLINK | |SoC | PReq | PRes | PReq | ..| | SoC [ PReq | PRes | PReq
Task class Task class Task class
23000 25000 27000

System cycle time =2 ms
POWERLINK system cycle time = 2 ms

The reference time point on the POWERLINK network is always calculated at the start of cycle (SoC) of the POW-
ERLINK network. The SoC starts 20 uys after the system clock due to the system. This results in the following
difference between the system time and the POWERLINK reference time:

POWERLINK reference time = System time - POWERLINK cycle time + 20 ps.

In the example above, this means a difference of 1980 us, i.e. if the system time and POWERLINK reference
time are compared at time 25000 in the task, then the system time returns the value 25000 and the POWERLINK
reference time returns the value 23020.

1.5.9.7.1.4 Synchronization of system time/POWERLINK time and I/O module

X2X Link cycle

———————

Counter value

—— Counter PLC/POWERLINK
—— Counter 1/O module

Time

At startup, the internal counters for the PLC/POWERLINK (1) and the 1/0O module (2) start at different times and
increase the values with microsecond resolution.

At the beginning of each X2X Link cycle, the PLC or the POWERLINK network sends time information to the I/
O module. The I/0O module compares this time information with the module's internal time and forms a difference
(green line) between the two times and stores it.

When a NetTime event (E) occurs, the internal module time is read out and corrected with the stored difference
value (brown line). This means that the exact system moment (S) of an event can always be determined, even if
the counters are not absolutely synchronous.

Note

The deviation from the clock signal is strongly exaggerated in the picture as a red line.
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1.5.9.7.2 Timestamp functions

NetTime-capable modules provide various timestamp functions depending on the scope of functions. If a timestamp
event occurs, the module immediately saves the current NetTime. After the respective data is transferred to the
CPU, including this precise moment, the CPU can then evaluate the data using its own NetTime (or system time),
if necessary.

1.5.9.7.2.1 Time-based inputs

NetTime Technology can be used to determine the exact moment of a rising edge at an input. The rising and falling
edges can also be detected and the duration between 2 events can be determined.

Information:

The determined moment always lies in the past.

1.5.9.7.2.2 Time-based outputs

NetTime Technology can be used to specify the exact moment of a rising edge on an output. The rising and falling
edges can also be specified and a pulse pattern generated from them.

Information:

The specified time must always be in the future, and the set X2X Link cycle time must be taken into
account for the definition of the moment.

1.5.9.7.2.3 Time-based measurements

NetTime Technology can be used to determine the exact moment of a measurement that has taken place. Both
the starting and end moment of the measurement can be transmitted.

1.5.9.8 Minimum cycle time

The minimum cycle time specifies how far the bus cycle can be reduced without communication errors occurring.
It is important to note that very fast cycles reduce the idle time available for handling monitoring, diagnostics and
acyclic commands.

Minimum cycle time
200 ps

1.5.9.9 Minimum /O update time

The minimum 1/O update time specifies how far the bus cycle can be reduced so that an 1/0 update is performed
in each cycle.

Minimum /O update time
1ms
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1.6 X20Al12322

1.6.1 General information
The module is equipped with 2 inputs with 12-bit digital converter resolution. It is possible to select between the
two current ranges 0 to 20 mA and 4 to 20 mA.

This module is designed for X20 6-pin terminal blocks. If needed (e.g. for logistical reasons), the 12-pin terminal
block can also be used.

» 2 analog inputs, 0 to 20 mA or 4 to 20 mA
» 12-bit digital converter resolution

1.6.2 Order data

Order number Short description Figure
Analog inputs
X20AI12322 X20 analog input module, 2 inputs, 0-20 mA / 4-20 mA, 12-bit

converter resolution, configurable input filter
Required accessories
Bus modules

X20BM11 X20 bus module, 24 VDC keyed, internal /O power supply con-
nected through
X20BM15 X20 bus module, with node number switch, 24 VDC keyed, in-

ternal 1/O power supply connected through
Terminal blocks

X20TB06 X20 terminal block, 6-pin, 24 VDC keyed
X20TB12 X20 terminal block, 12-pin, 24 VDC keyed

Table 33: X20Al2322 - Order data
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Order number X20AI12322
Short description
1/0 module 2 analog inputs 0 to 20 mA / 4 to 20 mA
General information
B&R ID code 0xCAB2
Status indicators 1/0 function per channel, operating state, module status
Diagnostics
Module run/error Yes, using status LED and software
Inputs Yes, using status LED and software
Power consumption
Bus 0.01 W
Internal /0 0.8 W
Additional power dissipation caused by actuators -
(resistive) [W]
Certifications
CE Yes
EAC Yes
UL cULus E115267
Industrial control equipment
HazlLoc cCSAus 244665
Process control equipment
for hazardous locations
Class I, Division 2, Groups ABCD, T5
ATEX Zone 2, 113G ExnAnC IIAT5 Gc
IP20, Ta (see X20 user's manual)
FTZU 09 ATEX 0083X
DNV GL Temperature: B (0 - 55°C)
Humidity: B (up to 100%)
Vibration: B (4 g)
EMC: B (bridge and open deck)
LR ENV1
Analog inputs
Input 0 to 20 mA/4 to 20 mA
Input type Differential input

Digital converter resolution

12-bit

Conversion time

300 ps for all inputs

Output format

Data type INT

Current 0x0000 - 0x7FFF / 1 LSB = 0x0008 = 4.883 pyA
Load <400 Q
Input protection Protection against wiring with supply voltage
Permissible input signal Max. £50 mA
Output of digital value during overload Configurable
Conversion procedure SAR

Input filter 3rd-order low pass / cutoff frequency 1 kHz
Max. error at 25°C
Gain
0 to 20 mA 0.08% "
41020 mA 0.1% "
Offset
0to 20 mA 0.03% 2
41020 mA 0.16% 2
Max. gain drift
0 to 20 mA 0.009 %/°C "
4 t0 20 mA 0.0113 %/°C "
Max. offset drift
0to 20 mA 0.004 %/°C 2
4 t0 20 mA 0.005 %/°C 2
Common-mode rejection
DC 70 dB
50 Hz 70 dB
Common-mode range 12V
Crosstalk between channels -70 dB
Nonlinearity <0.05% 2
Insulation voltage between channel and bus 500 Vi

Electrical properties

Electrical isolation

Channel isolated from bus
Channel not isolated from channel

Operating conditions

Mounting orientation
Horizontal
Vertical

Yes
Yes

Table 34: X20Al2322 - Technical data
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Order number

X20AI12322

Installation elevation above sea level

0 to 2000 m No limitations
>2000 m Reduction of ambient temperature by 0.5°C per 100 m
Degree of protection per EN 60529 1P20
Ambient conditions
Temperature
Operation
Horizontal mounting orientation -25 to 60°C
Vertical mounting orientation -25 to 50°C
Derating -
Storage -40 to 85°C
Transport -40 to 85°C
Relative humidity
Operation 5 to 95%, non-condensing
Storage 5 to 95%, non-condensing
Transport 5 to 95%, non-condensing
Mechanical properties
Note Order 1x X20TB06 or X20TB12 terminal block separately
Order 1x X20BM11 bus module separately
Pitch 12.5*02mm

Based on the current measured value.
Based on the 20 mA measurement range.

1)
2)

1.6.4 LED status indicators

For a description of the various operating modes, see section "Additional information - Diagnostic LEDs" in the

X20 system user's manual.

Table 34: X20Al2322 - Technical data

Figure LED Color Status Description
r Green Off No power to module
Single flash RESET mode
Blinking PREOPERATIONAL mode
On RUN mode
e Red Off No power to module or everything OK
On Error or reset status
e+r Red on / Green single flash Invalid firmware
1-2 Green Blinking Input signal overflow or underflow
On Analog/digital converter running, value OK
1.6.5 Pinout
Al +1 | o AR21
Al-11 A2
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¥ o o ¥
_ o Lo _
+24VDC <« » +24 VDC
GND <« » GND
1.6.7 Input circuit diagram
+
. PTC [lj]
Al+xl {o : ﬁ l 1
3 3 Shunt { 1 A/D Input value
! ; Converter
P T /0 status
Al-x1 T Q 1

LED (green) 5

161



Analog input modules * X20AIl2322
1.6.8 Register description
1.6.8.1 General data points

In addition to the registers described in the register description, the module has additional general data points.
These are not module-specific but contain general information such as serial number and hardware variant.
General data points are described in section "Additional information - General data points" in the X20 system user's
manual.

1.6.8.2 Function model 0 - Standard

Register Name Data type Read Write
Cyclic Non-cyclic Cyclic Non-cyclic
Analog signal - Configuration
16 ConfigOutput01 (Input filter) USINT .
18 ConfigOutput02 (Channel type) USINT .
20 ConfigOutput03 (Lower limit value) INT .
22 ConfigOutput04 (Upper limit value) INT °
Analog signal - Communication
0 Analoglnput01 INT .
2 Analoglnput02 INT .
30 Statusinput01 USINT .
1.6.8.3 Function model 254 - Bus controller
Register Offset" Name Data type Read Write
Cyclic Non-cyclic Cyclic Non-cyclic
Analog signal - Configuration
16 - ConfigOutput01 (Input filter) USINT .
18 - ConfigOutput02 (Channel type) USINT °
20 - ConfigOutput03 (Lower limit value) INT .
22 - ConfigOutput04 (Upper limit value) INT .
Analog signal - Communication
0 0 Analoglnput01 INT .
2 2 Analoglnput02 INT .
30 - Statusinput01 USINT .

1) The offset specifies the position of the register within the CAN object.
1.6.8.3.1 Using the module on the bus controller

Function model 254 "Bus controller" is used by default only by non-configurable bus controllers. All other bus
controllers can use other registers and functions depending on the fieldbus used.

For detailed information, see section "Additional information - Using 1/0O modules on the bus controller" in the X20
user's manual (version 3.50 or later).

1.6.8.3.2 CAN 1/O bus controller

The module occupies 1 analog logical slot on CAN 1/0.

1.6.8.4 Analog inputs

The input state is collected with a fixed offset to the network cycle and transferred in the same cycle.
1.6.8.5 Analog input values

Name:
Analoglnput01 to Analoglnput02

The analog input values are mapped to this register.

Data type Value
INT 0 to 32767
-8192 to 32767

Input signal:
Current signal 0 to 20 mA
Current signal 4 to 20 mA (value 0 corresponds to 4 mA)
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1.6.8.6 Input filter
This module is equipped with a configurable input filter. The minimum cycle time must be >500 ps. Filtering is
disabled for shorter cycle times.
If the input filter is active, then the scan rate for the channels is measured in ms. The time offset between the
channels is 200 us. The conversion takes place asynchronously to the network cycle.
1.6.8.6.1 Input ramp limiting
Input ramp limiting can only be performed in conjunction with filtering. Input ramp limiting is performed before
filtering.

The difference of the input value change is checked for exceeding the specified limit. In the event of overshoot,
the tracked input value is equal to the old value * the limit value.

Configurable limit values:

Value Limit value
0 The input value is used without limitation.
O0x3FFF = 16383
Ox1FFF = 8191
O0xOFFF = 4095
0x07FF = 2047
0x03FF = 1023
0x01FF =511
0x00FF = 255

N|oO|Oa|R[WIN|—~

Input ramp limiting is well suited for suppressing disturbances (spikes). The following examples show the function-
ality of input ramp limiting based on an input step and a disturbance.

Example 1
The input value jumps from 8000 to 17000. The diagram shows the tracked input value with the following settings:
Input ramp limiting = 4 = Ox07FF = 2047

Filter level = 2

= === Input value

Internally tracked input value before the filter

8000

¢12345678 t [ms]

Input step

Figure 9: Tracked input value for input step
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Example 2

A disturbance interferes with the input value. The diagram shows the tracked input value with the following settings:
Input ramp limiting = 4 = 0x07FF = 2047

Filter level = 2

= === Input value

Internally tracked input value before the filter

16000 ----------o---o- feo

8000 < | * |

1 2 3 4 5 6 7 8 t [ms]

Figure 10: Tracked input value for disturbance
1.6.8.6.2 Filter level

A filter can be defined to prevent large input steps. This filter is used to bring the input value closer to the actual
analog value over a period of several bus cycles.
Filtering takes place after any input ramp limiting has been carried out.

Formula for calculating the input value:

Value gig . Input value

Value = Value - -
New Old Filter level Filter level

Adjustable filter levels:

Value Filter level

0 Filter switched off
Filter level 2
Filter level 4
Filter level 8
Filter level 16
Filter level 32
Filter level 64
Filter level 128

N|O|O|RlWIN|—~
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The following examples show the functionality of the filter based on an input step and a disturbance.

Example 1

The input value jumps from 8000 to 16000. The diagram shows the calculated value with the following settings:
Input ramp limiting = 0

Filter level =2 or 4

Input value
--------- Calculated value: Filter level 2
—=—=— Calculated value: Filter level 4
L e
PEPTTTTTrT '____'___J_'
4 1 assssses , o ———
H o ——
_
P
41 e s
]
8000 !
0 —t 1 1 1 1 1 1 1
¢ 1 2 3 4 5 6 7 8 t [ms]
Input step

Figure 11: Calculated value during input step
Example 2
A disturbance interferes with the input value. The diagram shows the calculated value with the following settings:
Input ramp limiting = 0
Filter level =2 or 4

Input value
--------- Calculated value: Filter level 2
——=— Calculated value: Filter level 4

16000

Disturbance (spike)
/
___i""'"""'i.-..—.:.n __________
8000 —— 24 0 N e mmRsmmee
0 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 t[ms]

Figure 12: Calculated value during disturbance
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1.6.8.7 Configuring the input filter

Name:

ConfigOutput01

The filter level and input ramp limiting of the input filter are set in this register.
Data type Values Bus controller default setting

USINT See the bit structure. 0

Bit structure:

Bit Description Value Information

0-2 Defines the filter level 000 Filter disabled (bus controller default setting)
001 Filter level 2
010 Filter level 4
011 Filter level 8
100 Filter level 16
101 Filter level 32
110 Filter level 64
111 Filter level 128

3 Reserved 0
4-6 Defines input ramp limiting 000 The input value is applied without limitation
(bus controller default setting)
001 Limit value = Ox3FFF (16383)
010 Limit value = Ox1FFF (8191)
011 Limit value = OxOFFF (4095)
100 Limit value = 0xO7FF (2047)
101 Limit value = OxO3FF (1023)
110 Limit value = 0x01FF (511)
1M1 Limit value = OxO0FF (255)
7 Reserved 0

1.6.8.8 Channel type
Name:
ConfigOutput02

This register can be used to set the range of the current signal. This is determined by how they are configured.
The following input signals can be set:

» 0to 20 mA current signal
* 4 to 20 mA current signal

Data type Values Bus controller default setting
USINT See the bit structure. 3

Bit structure:

Bit Description Value Information
0-1 Reserved 1
2-3 Reserved 0
4 Channel 1: Current measurement range 0 0 to 20 mA current signal (bus controller default setting)
1 4 to 20 mA current signal
5 Channel 2: Current measurement range 0 0 to 20 mA current signal (bus controller default setting)
1 4 to 20 mA current signal
6-7 Reserved 0
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1.6.8.9 Lower limit value

Name:
ConfigOutput03

This register can be used to configure the lower limit for analog values. If the analog value goes below the limit
value, it is frozen at this value and the corresponding error status bit is set.

Data type Values Information
INT -32768 to 32767 Bus controller default setting: -32767

Information:

*  When configured as 0 to 20 mA, this value should be set to 0.

*  When configured as 4 to 20 mA, this value can be set to -8192 (corresponds to 0 mA) in order
to display values <4 mA.

Keep in mind that this setting applies to all channels!

1.6.8.10 Upper limit value

Name:
ConfigOutput04

This register can be used to configure the upper limit for analog values. If the analog value goes above the limit
value, it is frozen at this value and the corresponding error status bit is set.

Data type Values Information
INT -32768 to 32767 Bus controller default setting: 32767

Information:
The default value of 32767 corresponds to the maximum default value at 20 mA.

Keep in mind that this setting applies to all channels!

1.6.8.11 Input status

Name:
Statusinput01

This register is used to monitor the module inputs. A change in the monitoring status generates an error message.

Data type Values
USINT See the bit structure.
Bit structure:
Bit Description Value Information
0-1 Channel 1 00 No error
01 Lower limit value exceeded
10 Upper limit value exceeded
2-3 Channel 2 00 No error
01 Lower limit value exceeded
10 Upper limit value exceeded
4-7 Reserved 0

Limiting the analog value

In addition to the status information, the analog value is set to the values listed below by default when an error
occurs. The analog value is limited to the new values if the limit values were changed.

Error status Digital value for error (default values)
0to 20 mA | 4t0 20 mA
Upper limit value exceeded +32767 (OX7FFF)
Lower limit value exceeded 0 | -8191 (0xE001)

1.6.8.12 Minimum cycle time

The minimum cycle time specifies how far the bus cycle can be reduced without communication errors occurring.
It is important to note that very fast cycles reduce the idle time available for handling monitoring, diagnostics and
acyclic commands.

Minimum cycle time
Inputs without filtering 100 ps
Inputs with filtering 500 us
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1.6.8.13 Minimum /O update time
The minimum 1/O update time specifies how far the bus cycle can be reduced so that an I/O update is performed

in each cycle.

Minimum I/O update time
300 ps for all inputs
1ms

Inputs without filtering
Inputs with filtering

168



Analog input modules < X20AI2437
1.7 X20A12437

1.7.1 General information

The module is equipped with 2 current measurement inputs with 16-bit digital converter resolution.

Each current measurement input has its own sensor supply. The two channels with their respective sensor supplies
are electrically isolated from each other. The user can select between the two measurement ranges 4 to 20 mA
and 0 to 25 mA.

» 2 analog current measurement inputs

» Electrically isolated analog channels

» Electrically isolated sensor supplies

» 16-bit digital converter resolution

* NetTime timestamp: Moment of measurement

NetTime timestamp of the measurement

For many applications, not only the measured value is important, but also the exact time of the measurement. The
module is equipped with a NetTime timestamp function for this that supplies a timestamp for the recorded position
and trigger time with microsecond accuracy.

The timestamp function is based on synchronized timers. If a timestamp event occurs, the module immediately
saves the current NetTime. After the respective data is transferred to the CPU, including this precise moment, the
CPU can then evaluate the data using its own NetTime (or system time), if necessary.

1.7.2 Order data

Order number Short description Figure
Analog inputs

X20AI12437 X20 analog input module, 2 inputs, 4 to 20 mA, 16-bit converter
resolution, single-channel isolation with separate sensor power
supply, NetTime function

Required accessories
Bus modules

X20BM11 X20 bus module, 24 VDC keyed, internal I/O power supply con-
nected through
X20BM15 X20 bus module, with node number switch, 24 VDC keyed, in-

ternal 1/O power supply connected through
Terminal blocks
X20TB12 X20 terminal block, 12-pin, 24 VDC keyed

Table 35: X20Al12437 - Order data
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1.7.3 Technical data

Sensor power supply

Order number X20A12437
Short description
1/0 module 2 analog inputs 4 to 20 mA or 0 to 25 mA
General information
B&R ID code 0xB784
Status indicators 1/0 function per channel, operating state, module status, sensor power supply per channel
Diagnostics
Module run/error Yes, using LED status indicator and software
Inputs Yes, using LED status indicator and software

Yes, using LED status indicator and software

Power consumption

Bus 0.05 W
Internal 1/0 1.15W "
Additional power dissipation caused by actuators -
(resistive) [W]
Certifications
CE Yes
ATEX Zone 2, 113G ExnAnC IIAT5 Ge
IP20, Ta (sge X20 user's manual)
FTZU 09 ATEX 0083X
uL cULus E115267
Industrial control equipment
HazlLoc cCSAus 244665
Process control equipment
for hazardous locations
Class |, Division 2, Groups ABCD, T5
DNV GL Temperature: B (0 - 55°C)
Humidity: B (up to 100%)
Vibration: B (4 g)
EMC: B (bridge and open deck)
LR ENV1
KR Yes
ABS Yes
EAC Yes
KC Yes
Analog inputs
Input 4 to 20 mA or 0 to 25 mA configurable using software
Input type Differential input

Digital converter resolution 15-bit
Data output rate 4.7 to 960 samples per second, configurable using software
Output format INT
Output format
4 t0 20 mA INT 0x0000 - Ox7FFF / 1 LSB = 0x0001 = 488.281 nA
0to 25 mA INT 0x0000 - Ox7FFF / 1 LSB = 0x0001 = 762.939 nA
0 to 25000 pA INT 0x0000 - 0x61A8 / 1 LSB = 0x0001 = 1000 nA
Load I_IN >0.1 mA: R <8000 Q

I_IN=1mA: R <1100 Q
I_IN24mA:R<510Q

Input protection

Up to 30 VDC, reverse polarity protection (max. 0.1 A)

Open-circuit detection

Yes, using software

Permissible input signal 0 to 25 mA
Output of digital value during overload Configurable
Conversion procedure Sigma-delta
Max. error
Gain
0 to 25 mA <0.046% 2
4t0 20 mA <0.046% 2
Offset
0 to 25 mA <0.004% 2
4 to 20 mA <0.013% 3
Common-mode rejection
DC 80 dB
50 Hz Depends on the sampling rate: e.g. >130 dB for 50 samples per second
Common-mode range Oto7V
Nonlinearity <0.003% ¥
Input filter
Hardware First-order low-pass filter / cutoff frequency 2.5 kHz
Software Sinc* filter
Max. gain drift
0to 25 mA 0.003 %/°C 2
4 to 20 mA 0.003 %/°C 2

Table 36: X20Al2437 - Technical data
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Order number

X20AI12437

Max. offset drift

0to 25 mA

0.0002 %/°C

4 to 20 mA

0.0007 %/°C ®

Test voltage

Channel - Channel 1000 VAC
Channel - Bus 1000 VAC
Channel - Ground 1000 VAC
Sensor power supply
Power consumption 0.75 W per channel
Nominal voltage 25V +2%
Max. 30 mA

Nominal output current

Short-circuit proof

Yes, continuous

Max. voltage ripple

Up to 100 kHz <2.2mV

Up to 1 MHz <22 mV

Higher <100 mV
Short-circuit current

Typical <50 mA

Maximum 60 mA

Behavior on short circuit

Current limiting

Electrical properties

Electrical isolation

Channel isolated from channel and bus
Sensor power supply isolated from sensor power supply
Sensor power supply not isolated from channel

Operating conditions

Mounting orientation

Horizontal Yes

Vertical Yes
Installation elevation above sea level

0 to 2000 m No limitation

>2000 m Reduction of ambient temperature by 0.5°C per 100 m
Degree of protection per EN 60529 1P20
Ambient conditions
Temperature

Operation

Horizontal mounting orientation -25 to 60°C
Vertical mounting orientation -25 to 50°C

Derating -

Storage -40 to 85°C

Transport -40 to 85°C
Relative humidity

Operation 5 to 95%, non-condensing

Storage 5 to 95%, non-condensing

Transport 5 to 95%, non-condensing
Mechanical properties
Note Order 1x terminal block X20TB12 separately.

Order 1x bus module X20BM11 separately.

Pitch 12.5*92 mm

Table 36: X20Al2437 - Technical data

1) To reduce power dissipation, B&R recommends leaving unused inputs open.
2) Based on the current measured value.
3) Based on the 25 mA measurement range.
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1.7.4 LED status indicators

For a description of the various operating modes, see section "Additional information - Diagnostic LEDs" in the
X20 system user's manual.

Figure LED | Color | Status | Description
Operating state
r Green Off No power to module
Single flash UNLINK mode
Double flash BOOT mode (during firmware update)"
Blinking quickly SYNC mode
?1 Blinking slowly PREOPERATIONAL mode
N On RUN mode
< Module status
=) e Red Off No power to module or everything OK
Q Single flash A conversion error has occurred. This status is output along with a double flash
on the channel LED of the analog input where the error occurs.
On Error or reset status
Sensor supply
\% Yellow Off Overload
On Sensor supply in its normal operating range
Analog input
1-2 Green Off Indicates one of the following cases:
*  No power to module
+  Channel disabled
* Openline
Single flash Input signal overflow or underflow
Double flash A conversion error has occurred. A single flash is output on the red "e" module
status LED.
On Analog/digital converter running, value OK

1) Depending on the configuration, a firmware update can take up to several minutes.

1.7.5 Pinout

Shielded twisted pair cables should be used to minimize coupling disturbances. Use either one cable for each

channel or a multiple twisted pair cable for both channels.

Sensor power supply 1 +

Sensor power supply 1 -

Sensor power supply 2 +

Sensor power supply 2 -

~
@ Vv
<
N
<
o
g
X

Channel 1 +

Channel 1 -

Channel 2 +

Channel 2 -
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1.7.6 Connection examples

2-wire connections
A 2-wire connection can be implemented as follows:

» 2-wire transducer
» Active current source

Analog input modules < X20AI2437

Current source

¥

Al
2-wire =
transducer
(passive) = O _6
o1 O
O O
e [ L
+24VDC <« >
GND < »>

+24 VDC

(0]
z
O

4-wire connections
A 4-wire connection can be implemented as follows:

» 4-wire transducer with external supply
* 4-wire transducer supplied by the module

Al 1)
O O [+ 4-wire
transducer
o1 FO =l (active)
]
6‘ O [+ 4-wire
transducer
Q_ FO = (active)
T
- »
+24VDC <« » +24 VDC
GND < » GND
1) With external power supply.
2) With internal power supply. The internal power supply is only permitted to be loaded with max. 30 mA.
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1.7.7 Input circuit diagram

Galvanic
~ isolation

o ‘ o

i DC-to-DC : power suppl

i : wer supply

28V :
i Output ST . : 18-30V
; . converter :
protection GNDx | GND /O

! 25V DC-to-DC T
‘ 33V

Sensor power supply x +

I
i
i
i
i
i
i
|
i
Sensor power supply x -

P pply : Oﬁ—f
i 1GNDx
P
P
P
P
b

Channel x + | o+——]
P
: : Input
P protection = Protection AD
E]
[ 2 and Processor
vt %) ) converter
Channel x - | ot——] + filter

o GND x

1.7.8 Behavior in the event of short circuit

In the event of a short circuit, the output current for the sensor supply is limited according to the following diagram.

25
20

= 15

(]

()]

8

S 10
5
0

0 10 20 30 40 50

Current [mA]
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1.7.9 Register description
1.7.9.1 General data points

In addition to the registers described in the register description, the module has additional general data points.
These are not module-specific but contain general information such as serial number and hardware variant.
General data points are described in section "Additional information - General data points" in the X20 system user's
manual.

1.7.9.2 Function model 0 - default

Register Name Data type Read Write
Cyclic Acyclic Cyclic Acyclic
Analog signal - Configuration
386 AnMode_1 UINT .
426 AnMode_2
390 Samplerate_1 UINT .
430 Samplerate_2
394 OpenLoopLimit_1 (U)INT .
434 OpenLoopLimit_2
398 LowerLimit_1 (U)INT .
438 LowerLimit_2
402 UpperLimit_1 (U)INT .
442 UpperLimit_2
406 Hysteres_1 (U)INT .
446 Hysteres_2
410 ReplacementLower_1 (U)INT .
450 ReplacementLower_2
414 ReplacementUpper_1 INT .
454 ReplacementUpper_2
418 ErrorDelay_1 UINT .
458 ErrorDelay_2
422 SumErrorDelay_1 UINT .
462 SumErrorDelay_2
466 Preparationinterval_1 UINT .
482 Preparationinterval_2
Analog signal - Communication
266 Analoglnput01 (if replacement value strategy on) (U)INT .
270 Analoglnput02 (if replacement value strategy on)
258 Analoglnput01 (if replacement value strategy off) (U)INT .
262 Analoglnput02 (if replacement value strategy off)
282 AnalogSampletime01 (16-bit) INT .
290 AnalogSampletime02 (16-bit)
284 AnalogSampletime01 (32-bit) DINT .
292 AnalogSampletime02 (32-bit)
30 AnalogStatus01 USINT .
31 AnalogStatus02
UnderflowAnaloglnput01 or 02 Bit 0
OverflowAnaloglnput01 or 02 Bit 1
OpenLineAnaloglnput01 or 02 Bit 2
ConversionErrorAnaloginput01 or 02 Bit 3
SumErrorAnaloglnput01 or 02 Bit 4
SensorErrorAnaloginput01 or 02 Bit 6
loSuppErrorAnaloglnput01 or 02 Bit 7
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1.7.9.3 Function model 254 - Bus controller

Register Offset? Name Data type Read Write
Cyclic Acyclic Cyclic Acyclic
Analog signal - Configuration
386 - AnMode_1 UINT .
426 - AnMode_2
390 - Samplerate_1 UINT .
430 - Samplerate_2
394 - OpenLoopLimit_1 INT .
434 - OpenLoopLimit_2
398 - LowerLimit_1 (U)INT .
438 - LowerLimit_2
402 - UpperLimit_1 (U)INT .
442 - UpperLimit_2
406 - Hysteres_1 (U)INT .
446 - Hysteres_2
410 - ReplacementLower_1 (U)INT .
450 - ReplacementLower_2
414 - ReplacementUpper_1 (U)INT .
454 - ReplacementUpper_2
418 - ErrorDelay_1 UINT .
458 - ErrorDelay_2
422 - SumErrorDelay_1 UINT .
462 - SumErrorDelay_2
466 - Preparationinterval_1 UINT .
482 - Preparationinterval_2
Analog signal - Communication

266 0 Analoglnput01 (if replacement value strategy (U)INT °
270 2 on)

Analoglnput02 (if replacement value strategy

on)
258 - Analoglnput01 (if replacement value strategy (U)INT .
262 - off)

Analoglnput02 (if replacement value strategy

off)
30 - AnalogStatus01 USINT °
31 - AnalogStatus02

UnderflowAnaloglnput01 or 02 Bit 0

OverflowAnaloglnput01 or 02 Bit 1

OpenLineAnaloglnput01 or 02 Bit 2

ConversionErrorAnaloginput01 or 02 Bit 3

SumErrorAnaloglnput01 or 02 Bit 4

SensorErrorAnaloglnput01 or 02 Bit 6

loSuppErrorAnaloglinput01 or 02 Bit 7

1) The offset specifies the position of the register within the CAN object.
1.7.9.3.1 Using the module on the bus controller

Function model 254 "Bus controller" is used by default only by non-configurable bus controllers. All other bus
controllers can use other registers and functions depending on the fieldbus used.

For detailed information, see section "Additional information - Using I/O modules on the bus controller" in the X20
user's manual (version 3.50 or later).

1.7.9.3.2 CAN 1/O bus controller

The module occupies 1 analog logical slot on CAN 1/0O.
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1.7.9.4 General information

The module is equipped with 2 independent electrically isolated channels. Both channels can be used to read in
an analog signal. All registers necessary for this have a dual design so that the channels can be configured and
operated independently of one another.

The current input signals (0 to 25 mA) can be displayed in different formats.

Specific features:

» Channels electrically isolated
+ Internal supply with short circuit protection <30 mA per channel
» Configurable filter (default 50 Hz)

» Selective line monitoring can be enabled for: open line (<2 mA), underflow (<3.6 mA) or overflow (>21 mA)
of a configurable threshold

» Selectable error strategy: Replacement value for the respective threshold (default) or use the last valid
value

1.7.9.5 Analog signal - Configuration

How the analog signal is displayed can be adapted to the requirements of the application. Separate configuration
registers per channel are available to aid in this.

1.7.9.5.1 Channel parameters

Name:
AnMode_1 to AnMode_2

These registers are used to predefine the operating parameters that the module will be using for the respective
channel. Each channel must be enabled individually and can be configured and operated independently.

Information:

Different limit values must be configured for any display normalizing that needs to take place.
Data type Values Bus controller default setting
UINT See bit structure. 29

Bit structure:

Bit Name Value Information
0 Channel 0 Channel Ox turned off
1 Channel Ox enabled (bus controller default setting)
1 Open line detection 0 Open line monitoring turned off
1 Open circuit monitoring enabled (bus controller default setting)
2 Underflow detection 0 Underflow detection turned off
1 Underflow detection enabled (bus controller default setting)
3 Replacement value strategy 0 Use replacement values in the event of error (bus controller
default setting)
1 Keep the last valid converted value
4-5 Normalization 00 Displays 0 to 25 mA as 0 to 32767
01 Display 0 to 25 mA as 0 to 25000 [uA]
(bus controller default setting)
10 Displays 4 to 20 mA as 0 to 32767
1 Displays 0 to 25 mA as 0 to 65535
6-15 Reserved -
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1.7.9.5.2 Sample rate
Name:

Samplerate_1 to Samplerate 2

A sample rate can be configured for both analog inputs independently of one another. The following formula for
this parameter is derived using the desired sampling frequency:

Sampling rate for A/D converter = (4920000 / 1024) / Sampling frequency

Data type Value Information
UINT 4 to 1023 Sample rate
Examples of configurable values
Val- .
ue Time Frequency
960 ... 200 ms ..5Hz
480 ... 100ms ... 10 Hz
320 ... 66.7ms .. 15Hz
192 ... 40 ms .. 25 Hz
160 ... 33.3ms ... 30Hz
96 ..20ms ... 50 Hz (bus controller default setting)
80 ..16.7ms ..60Hz
48 ... 10ms ... 100 Hz
9 ..2ms ... 500 Hz
4 .. 1ms ... 1000 Hz

Setting to 1000 Hz will result in jitter when acquiring measured values. Jitter-free operation is possible up to 960 Hz
(sample rate setting = 5).

1.7.9.5.3 Limit value for open line detection

Name:
OpenLoopLimit_1 to OpenLoopLimit_2

The limit value for the respective analog input must be set when open circuit monitoring is enabled and if required
by the configured normalization.

Data type Value Information
INT -32767 to 32767 Open circuit limit value.

Bus controller default setting: 2621
UINT 0 to 65535 Open circuit limit value

If limit value monitoring is active, the corresponding error status is output after a configured delay when falling
below this value. Using a default value of 2000 pA, the following values and formulas result for this parameter:

» Displays 0 to 25 mA as 0 to 25000: 2000

+ Displays 0 to 25 mA as 0 to 32767: 2621, limit value = ([uA] * 32767) / 25000

+ Displays 4 to 20 mA as 0 to 32767: -4096, limit value = (([uA] * 1.31068) - 5242.72) * 1.5625

+ Displays 0 to 25 mA as 0 to 65535: 5243, limit value = ([uA] * 65535) / 25000

1.7.9.5.4 Lower limit value

Name:
LowerLimit_1 to LowerLimit_2

If the value range needs to be restricted further, this register can be used to enter new user-specific lower limit
values.

Data type Value Information
INT -32767 to 32767 Bus controller default setting: 4718
UINT 0 to 65535

The limit value must be set for the respective analog input depending on the configured normalization. After the
configured delay time has passed, the corresponding error status is given if the respective value is overrun or
underrun. When this error state occurs, the "AnaloglnputOx" on page 181 channel is evaluated according to the
replacement value strategy. Using a default value of 3600 pA, the following values and formulas result for this
parameter:

» Displays 0 to 25 mA as 0 to 25000: 3600

» Displays 0 to 25 mA as 0 to 32767: 4718, limit value = ([uA] * 32767) / 25000

» Displays 4 to 20 mA as 0 to 32767: -819, limit value = (([uA] * 1.31068) - 5242.72) * 1.5625
» Displays 0 to 25 mA as 0 to 65535: 9437, limit value = ([uA] * 65535) / 25000

178



Analog input modules « X20Al2437
1.7.9.5.5 Upper limit value

Name:
UpperLimit_1 to UpperLimit_2

If the value range needs to be restricted further, this register can be used to enter new user-specific upper limit
values.

Data type Value Information
INT -32767 to 32767 Bus controller default setting: 27524
UINT 0 to 65535

The limit value must be set for the respective analog input depending on the configured normalization. After the
configured delay time has passed, the corresponding error status is given if the respective value is overrun or
underrun. When this error state occurs, the "AnaloglnputOx" on page 181 channel is evaluated according to the
replacement value strategy. Using a default value of 21000 pA, the following values and formulas result for this
parameter:

» Displays 0 to 25 mA as 0 to 25000: 21000

» Displays 0 to 25 mA as 0 to 32767: 27524, limit value = ([pA] * 32767) / 25000

» Displays 4 to 20 mA as 0 to 32767: 32767, limit value = (([uA] * 1.31068) - 5242.72) * 1.5625

» Displays 0 to 25 mA as 0 to 65535: 55049, limit value = ([uA] * 65535) / 25000

1.7.9.5.6 Hysteresis

Name:
Hysteres_1 to Hysteres 2

If the user-specific limit values are being used, then a hysteresis range should also be defined. These registers
configure how far a limit value can be exceeded before a response is triggered.

Data type Value Information
INT -32767 to 32767 Bus controller default setting: 131
UINT 0 to 65535

The hysteresis value must be set for the respective analog input depending on the configured normalization. The
error status is cleared if the actual analog value changes by at least this hysteresis value from the limit value in the
allowed direction. Using a default value of 100 yA, the following values and formulas result for this parameter:

» Displays 0 to 25 mA as 0 to 25000: 100

» Displays 0 to 25 mA as 0 to 32767: 131, limit value = ([uA] * 32767) / 25000
» Displays 4 to 20 mA as 0 to 32767: 156, limit value = [pA] * 1.5625

» Displays 0 to 25 mA as 0 to 65535: 262, limit value = ([uA] * 65535) / 25000

1.7.9.5.7 Lower replacement value

Name:
ReplacementLower_1 to ReplacementLower_ 2

This register is used to define the lower static values to be displayed instead of the current measured value when
the lower limit is violated.

Data type Value Information
INT -32767 to 32767 Bus controller default setting: 4718
UINT 0 to 65535

If the replacement strategy "Use replacement values when an error occurs" is enabled, the replacement value must
be set for the respective analog input taking the configured normalization into account as well. When an overflow
or underflow error status occurs, the "AnaloglnputOx" on page 181 channel is replaced with the corresponding
value. Using a default value of 3600 A, the following values and formulas result for this parameter:

» Displays 0 to 25 mA as 0 to 25000: 3600

» Displays 0 to 25 mA as 0 to 32767: 4718, limit value = ([uA] * 32767) / 25000

» Displays 4 to 20 mA as 0 to 32767: -819, limit value = (([uA] * 1.31068) - 5242.72) * 1.5625
» Displays 0 to 25 mA as 0 to 65535: 9437, limit value = ([uA] * 65535) / 25000
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1.7.9.5.8 Upper replacement value

Name:
ReplacementUpper_1 to ReplacementUpper_2

This register is used to define the static values to be displayed instead of the current measured value when the
upper limit is violated.

Data type Value Information
INT -32767 to 32767 Bus controller default setting: 27524
UINT 0 to 65535

If the replacement strategy "Use replacement values when an error occurs" is activated, the replacement value must
be set for the respective analog input taking the configured normalization into account as well. When an overflow
or underflow error status occurs, the "AnaloglnputOx" on page 181 channel is replaced with the corresponding
value. Using a default value of 21000 A, the following values and formulas result for this parameter:

» Displays 0 to 25 mA as 0 to 25000: 21000

» Displays 0 to 25 mA as 0 to 32767: 27524, limit value = ([pA] * 32767) / 25000

» Displays 4 to 20 mA as 0 to 32767: 32767, limit value = (([uA] * 1.31068) - 5242.72) * 1.5625
» Displays 0 to 25 mA as 0 to 65535: 55049, limit value = ([uA] * 65535) / 25000

1.7.9.5.9 Delaying error messages
Name:

ErrorDelay_1 to ErrorDelay_2

This register specifies the number of consecutive conversion procedures where an error is pending until the cor-
responding individual error status bit is set. The delay applies to underflow, overflow and open circuit errors. This
delay can be used to hide temporary measured value deviations, for example.

Data type Value Information
UINT Oto 10 Error formation delay in conversion cycles.
Bus controller default setting: 2

1.7.9.5.10 Time for composite error bit

Name:
SumErrorDelay_1 to SumErrorDelay 2

This register specifies the time in milliseconds that one of the individual error bits must be pending until the com-
posite error status bit is set.

Data type Value Information

UINT 0 to 65535 Composite error bit delay in ms.
Bus controller default setting: 4000
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1.7.9.5.11 Preparation time for the measured values

Name:
PreparationintervalO1 to Preparationinterval02

If the last valid measured value should be kept when violating the limit value, then Preparationinterval must be
defined. The measured values continue to be acquired and converted according to the configured 1/0 update
time. They are then checked and discarded if they do not meet the specifications. When an error does not occur,
therefore, the measured value acquired 2 preparation intervals ago is constantly output.

Data type Value Information
UINT 0 to 65535 In 0.1 ms.
Bus controller default setting: 0

"Application"
Value being measured (analog)

Functionality:

Measured values are continuously converted and stored to measured value memory. The current contents of
the measured value memory are checked within the configured interval. If a permissible value is present, then
the contents of the buffer memory are passed to output memory and the contents of the measured value mem-
ory are passed to the buffer.

If the check turns up an impermissible value, then the contents of the measured value memory are discarded.
The copy direction between output and buffer memory reverses and the last valid value continues to be output.

Condition:
- Conversion interval (A/D converter)
elapsed

"Measured value memory"
Measured value (digital)

Condition:
- Preparationinterval elapsed
- Measured value permissible

. . "Buffer"
|nf0l'matI0n . Last valid value

If configured to keep the last valid value, the delay time from measuring to outputting the value Condition:

will be at least twice the preparation interval. In the worst case scenario, this can also take twice | |- Preparationinterval elapsed

- Measured value permissible
"Output memory"
Next-to-last valid/

displayed value

the interval time plus the configured conversion rate of the A/D converter.

1.7.9.6 Analog signal - Communication

1.7.9.6.1 Analog input values

Name:
Analoglnput01 to Analoglnput02

The analog input value is mapped in this register.

Data type Value Information
INT 0 to 25000 Normalizing option 0 to 25 mA
0 to 32,767 Normalizing option 0 to 25 mA
-8192 to 32767 Normalizing option 4 to 20 mA (value 0 corresponds to 4 mA)
UINT 0 to 65535 Normalizing option 0 to 25 mA

Predefining values and timing
If a replacement value strategy was configured, value "0" (zero) is output from the beginning until a valid measured
value has been calculated.

The timing for acquiring measured values is determined by the converter hardware and the set sampling rate. The
two channels are converted independently of each other and are not synchronized with the X2X Link.

Conversion time
Channel 0x sampling rate

1.7.9.6.2 Sample time
Name:
AnalogSampletime01 to AnalogSampletime02

These registers return the timestamp for when the module reads the current channel mapping. The values are
provided as signed 2-byte or 4-byte values.

For additional information about NetTime and timestamps, see "NetTime Technology" on page 184.

Data type Values Information
INT -32,768 to 32767 NetTime timestamp of the current input value in pys
DINT -2147483648 to 2147483647 | NetTime timestamp of the current input value in ps

181



Analog input modules * X20AI2437
1.7.9.6.3 Status of the inputs

Name:

AnalogStatus01 to AnalogStatus02

UnderflowAnaloglnput01 to UnderflowAnaloginput02
OverflowAnaloglnputO1 to OverflowAnaloglnput02
OpenLineAnaloginput01 to OpenLineAnaloglnput02
ConversionErrorAnaloginput01 to ConversionErrorAnaloglinput02
SumErrorAnaloglnput01 to SumErrorAnaloglnput02
SensorErrorAnaloginput01 to SensorErrorAnaloginput02
loSuppErrorAnaloglnput01 to loSuppErrorAnaloglinput02

The current error state of the module channels is indicated in this register regardless of the configured replacement
value strategy. Some error information is delayed according to the previously configured condition.

Setting "Format of status information" in Automation Studio makes it possible to define whether the status infor-
mation is transferred as USINT or bit values.

Data type Values
USINT See bit structure.

Bit structure:

Bit Name Values Information
0 UnderflowAnaloglnput01 or 02 0 No error
1 Lower limit value undershot
1 OverflowAnaloglinput01 or 02 0 No error
1 Upper limit value overshot
2 OpenLineAnaloginput01 or 02 0 No error
1 Open circuit determined
3 ConversionErrorAnaloglnput01 or 02 0 No error
1 Conversion error determined
4 SumErrorAnaloglnput01 or 02 0 No error
1 Composite error determined
5 Reserved -
6 SensorErrorAnaloglinput01 or 02 0 Sensor voltage OK
1 Sensor load too high
7 loSuppErrorAnaloglnput01 or 02 0 1/0 power supply OK
1 Error in I/O power supply determined

UnderflowAnaloginput

The signal underflow error state is represented here based on the configuration. This error information is enabled
as a multiple of the conversion cycles only after the configurable delay time has passed (see register "ErrorDelay"
on page 180).

OverflowAnaloginput

The signal overflow error status state is represented here based on the configuration. This error information is
enabled as a multiple of the conversion cycles only after the configurable delay time has passed (see register
"ErrorDelay" on page 180).

OpenLineAnaloginput

Based on the configuration, the measurement information is checked for values <2 mA (register "OpenlLoopLimit"
on page 178) to detect a failure signal. Open circuit detection is performed using a configurable hysteresis val-
ue (default: 100 pA, register "Hysteresis" on page 179). It is possible to disable open circuit detection (register
"AnalogMode" on page 177) to suppress the generation of alarms when hardware is missing. This error informa-
tion is enabled as a multiple of the conversion cycles only after the configurable delay time has passed (register
"ErrorDelay" on page 180).

ConversionErrorAnaloglnput

This error state is triggered when the hardware overshoots the conversion time.

SumErrorAnaloglinput

This error information is derived from the state of individual errors and enabled only after the configurable delay
time has passed [ms] (see register "SumErrorDelay" on page 180). Linking this error information in an application
makes it possible to hide temporary overshoots or undershoots of the temperature value, for example.
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SensorErrorAnaloginput

This error is enabled immediately after a fault is detected in the internal sensor power supply.

loSuppErrorAnaloginput

This error is enabled immediately after a supply voltage undershoot is detected (<20 VDC).
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1.7.9.7 NetTime Technology

NetTime refers to the ability to precisely synchronize and transfer system times between individual components of
the controller or network (CPU, I/O modules, X2X Link, POWERLINK, etc.).

This allows the moment that events occur to be determined system-wide with microsecond precision. Upcoming
events can also be executed precisely at a specified moment.

NetTime?

TECHNOLOGY

1.7.9.7.1 Time information

Various time information is available in the controller or on the network:

+ System time (on the PLC, Automation PC, etc.)

» X2X Link time (for each X2X Link network)

* POWERLINK time (for each POWERLINK network)
» Time data points of /O modules

The NetTime is based on 32-bit counters, which are increased with microsecond resolution. The sign of the time
information changes after 35 min, 47 s, 483 ms and 648 us; an overflow occurs after 71 min, 34 s, 967 ms and
296 ps.

The initialization of the times is based on the system time during the startup of the X2X Link, the I/O modules or
the POWERLINK interface.

Current time information in the application can also be determined via library AslOTime.
1.7.9.7.1.1 PLC/Controller data points
The NetTime /O data points of the PLC or the controller are latched to each system clock and made available.

1.7.9.7.1.2 X2X Link reference moment

Full cycle Half cycle Full cycle Half cycle Full cycle

|System time | XZ),( Link | | System time | X2)'( Link | System time
time time
X2X Link Al | SO SI Al | SO SI Al |
Task class Task class Task class
23000 24000 25000 26000 27000
System cycle time = 2 ms
X2X cycle time =2 ms

The reference moment on the X2X Link network is always calculated at the half cycle of the X2X Link cycle. This
results in a difference between the system time and the X2X Link reference moment when the reference time is
read out.

In the example above, this results in a difference of 1 ms, i.e. if the system time and X2X Link reference moment
are compared at time 25000 in the task, then the system time returns the value 25000 and the X2X Link reference
moment returns the value 24000.
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1.7.9.7.1.3 POWERLINK - Reference time point

Full cycle Full cycle Full cycle

System time System time System time

POWERLINK
NetTime SoC

POWERLINK
NetTime SoC

POWERLINK
NetTime SoC

N
POWERLINK | |SoC | PReq | PRes | PReq | ..| | SoC [ PReq | PRes | PReq
Task class Task class Task class
23000 25000 27000

System cycle time =2 ms
POWERLINK system cycle time = 2 ms

The reference time point on the POWERLINK network is always calculated at the start of cycle (SoC) of the POW-
ERLINK network. The SoC starts 20 uys after the system clock due to the system. This results in the following
difference between the system time and the POWERLINK reference time:

POWERLINK reference time = System time - POWERLINK cycle time + 20 ps.

In the example above, this means a difference of 1980 us, i.e. if the system time and POWERLINK reference
time are compared at time 25000 in the task, then the system time returns the value 25000 and the POWERLINK
reference time returns the value 23020.

1.7.9.7.1.4 Synchronization of system time/POWERLINK time and I/O module

X2X Link cycle

———————

Counter value

—— Counter PLC/POWERLINK
—— Counter 1/O module

Time

At startup, the internal counters for the PLC/POWERLINK (1) and the 1/0O module (2) start at different times and
increase the values with microsecond resolution.

At the beginning of each X2X Link cycle, the PLC or the POWERLINK network sends time information to the I/
O module. The I/0O module compares this time information with the module's internal time and forms a difference
(green line) between the two times and stores it.

When a NetTime event (E) occurs, the internal module time is read out and corrected with the stored difference
value (brown line). This means that the exact system moment (S) of an event can always be determined, even if
the counters are not absolutely synchronous.

Note

The deviation from the clock signal is strongly exaggerated in the picture as a red line.
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1.7.9.7.2 Timestamp functions

NetTime-capable modules provide various timestamp functions depending on the scope of functions. If a timestamp
event occurs, the module immediately saves the current NetTime. After the respective data is transferred to the
CPU, including this precise moment, the CPU can then evaluate the data using its own NetTime (or system time),
if necessary.

1.7.9.7.2.1 Time-based inputs

NetTime Technology can be used to determine the exact moment of a rising edge at an input. The rising and falling
edges can also be detected and the duration between 2 events can be determined.

Information:

The determined moment always lies in the past.

1.7.9.7.2.2 Time-based outputs

NetTime Technology can be used to specify the exact moment of a rising edge on an output. The rising and falling
edges can also be specified and a pulse pattern generated from them.

Information:

The specified time must always be in the future, and the set X2X Link cycle time must be taken into
account for the definition of the moment.

1.7.9.7.2.3 Time-based measurements

NetTime Technology can be used to determine the exact moment of a measurement that has taken place. Both
the starting and end moment of the measurement can be transmitted.

1.7.9.8 Minimum cycle time

The minimum cycle time specifies how far the bus cycle can be reduced without communication errors occurring.
It is important to note that very fast cycles reduce the idle time available for handling monitoring, diagnostics and
acyclic commands.

Minimum cycle time
200 ps

1.7.9.9 Minimum /O update time

The minimum 1/O update time specifies how far the bus cycle can be reduced so that an 1/0 update is performed
in each cycle.

Minimum /O update time
1ms
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1.8 X20(c)AI2438

1.8.1 General information

The module is equipped with 2 current measurement inputs with 16-bit digital converter resolution. It supports the
HART communication standard for data transfer, parameter configuration and diagnostics.

Each current measurement input has its own sensor supply. The two channels with their respective sensor supplies
are electrically isolated from each other. The user can select between the two measurement ranges 4 to 20 mA
and 0 to 25 mA.

» 2 analog current measurement inputs

* Integrated HART protocol

» Supports HART variables

» Electrically isolated analog channels

» Electrically isolated sensor supplies

» 16-bit digital converter resolution

* NetTime timestamp: Moment of measurement, HART image

NetTime timestamp of the measurement

For many applications, not only the measured value is important, but also the exact time of the measurement. The
module is equipped with a NetTime timestamp function for this that supplies a timestamp for the recorded position
and trigger time with microsecond accuracy.

The timestamp function is based on synchronized timers. If a timestamp event occurs, the module immediately
saves the current NetTime. After the respective data is transferred to the controller, including this precise moment,
the controller can then evaluate the data using its own NetTime (or system time), if necessary.

1.8.1.1 Coated modules

Coated modules are X20 modules with a protective coating for the electronics component. This coating protects
X20c modules from condensation and corrosive gases.
The modules' electronics are fully compatible with the corresponding X20 modules.

For simplification purposes, only images and module IDs of uncoated modules are used in this data
sheet.

The coating has been certified according to the following standards:

» Condensation: BMW GS 95011-4, 2x 1 cycle
» Corrosive gas: EN 60068-2-60, method 4, exposure 21 days

1.8.1.1.1 Starting temperature

The starting temperature describes the minimum permissible ambient temperature in a voltage-free state at the
time the coated module is switched on. This is permitted to be as low as -40°C. During operation, the conditions
as specified in the technical data continue to apply.

Information:

It is important to absolutely ensure that there is no forced cooling by air currents in the closed control
cabinet, e.g. due to the use of a fan or ventilation slots.
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1.8.1.2 Other applicable documents

For additional and supplementary information, see the following documents.

Other applicable documents

Document name Title
MAX20 X20 System user's manual
MAEMV Installation / EMC guide

1.8.2 Order data

Figure

’_.

<
<

3
3
S
3
N
S
By

Order number Short description
Analog inputs

X20AI12438 X20 analog input module, 2 inputs, 4 to 20 mA, 16-bit convert-
er resolution, single-channel galvanically isolated and with own
sensor power supply, supports HART protocol, NetTime function

X20cAl2438 X20 analog input module, coated, 2 inputs, 4 to 20 mA, 16-
bit converter resolution, single-channel galvanically isolated and
with own sensor power supply, supports HART protocol, Net-
Time function
Required accessories
Bus modules

X20BM11 X20 bus module, 24 VDC keyed, internal I/O power supply con-
nected through

X20BM15 X20 bus module, with node number switch, 24 VDC keyed, in-
ternal I/O power supply connected through

X20cBM11 X20 bus module, coated, 24 VDC keyed, internal I/O power sup-
ply connected through
Terminal blocks

X20TB12 X20 terminal block, 12-pin, 24 VDC keyed

Table 37: X20A12438, X20cAl2438 - Order data

1.8.3 Technical description

1.8.3.1 Technical data

Order number | X20A12438 X20cAl2438
Short description
1/0 module | 2 analog inputs 4 to 20 mA or 0 to 25 mA
General information
B&R ID code 0xB3A9 | OXE1EE
Status indicators 1/0 function per channel, operating state, module status, sensor power supply per channel, HART
Diagnostics |
Module run/error Yes, using LED status indicator and software
Inputs Yes, using LED status indicator and software
Sensor power supply Yes, using LED status indicator and software
HART link Yes, using LED status indicator and software
HART error Yes, using LED status indicator and software
Power consumption
Bus 0.05 W
Internal 1/0 1.15W "
Additional power dissipation caused by actuators -
(resistive) [W]

Table 38: X20A12438, X20cAl2438 - Technical data
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Order number X20A12438 X20cAl2438
Certifications
CE Yes
UKCA Yes
ATEX Zone 2, 113G ExnAnC IIAT5 Gc
IP20, Ta (§ee X20 user's manual)
FTZU 09 ATEX 0083X
uL cULus E115267
Industrial control equipment
HazlLoc cCSAus 244665
Process control equipment
for hazardous locations
Class |, Division 2, Groups ABCD, T5
DNV Temperature: B (0 - 55°C)
Humidity: B (up to 100%)
Vibration: B (4 g)
EMC: B (bridge and open deck)
LR ENVA1
KR Yes
ABS Yes
EAC Yes
KC Yes -
Analog inputs
Input 4 to 20 mA or 0 to 25 mA configurable using software
Input type Differential input

Digital converter resolution

16-bit

Data output rate

With HART 4.7 to 10 samples per second, configurable using software
Analog 4.7 to 100 samples per second, configurable using software
Output format INT
Output format
4 to 20 mA INT 0x0000 - Ox7FFF / 1 LSB = 0x0001 = 488.281 nA
0to 25 mA INT 0x0000 - Ox7FFF / 1 LSB = 0x0001 = 762.939 nA
0 to 25000 pA INT 0x0000 - 0x61A8 / 1 LSB = 0x0001 = 1000 nA
Load I_IN20.1 mA: R< 8000 Q

I_IN=21mA:R <1100 Q
I_IN24mA:R<5100Q

Input protection

Up to 30 VDC, reverse polarity protection (max. 0.1 A)

Open-circuit detection

Yes, using software

Permissible input signal 0to 25 mA
Output of digital value during overload Configurable
Conversion procedure Sigma-delta
Max. error
Gain
0to 25 mA <0.046% 2
4t0 20 mA <0.046% 2
Offset
0 to 25 mA <0.004% 2
4t0 20 mA <0.013% ®
Common-mode rejection |
DC 80 dB
50 Hz Depends on the sampling rate: e.g. >130 dB for 50 samples per second
Common-mode range Oto7V
Nonlinearity <0.003% 2
Input filter
Hardware First-order low-pass filter / cutoff frequency 100 Hz
Software Sinc* filter
Max. gain drift
0 to 25 mA 0.003 %/°C 2
4 to 20 mA 0.003 %/°C 2
Max. offset drift |
0 to 25 mA 0.0002 %/°C
4 t0 20 mA 0.0007 %/°C ?

Test voltage

Channel - Channel 1000 VAC
Channel - Bus 1000 VAC
Channel - Ground 1000 VAC
Sensor power supply
Power consumption 0.75 W per channel
Nominal voltage 25V +2%
Nominal output current Max. 30 mA

Short-circuit proof

Yes, continuous

Table 38: X20A12438, X20cAl2438 - Technical data
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Order number

X20AI12438

X20cAl2438

Max. voltage ripple

Up to 100 kHz <2.2mV
Up to 1 MHz <22 mV
Higher <100 mV
Short-circuit current
Typical <50 mA
Maximum 60 mA
Behavior on short circuit Current limiting
HART
Transfer rate 1200 bit/s

Operating frequencies

1200 Hz / 2200 Hz

Multi-drop operation
Possible
Stations

Yes

5 nodes (when using HART slaves with a nominal current of 4 mA)
Up to 15 (taking into account the maximum permissible input signal of 25 mA)

Burst operation possible Yes
Transmission amplitude
Minimum 400 mV,,
Typical 500 mV,
Maximum 600 mV,,
Receiving amplitude
Minimum 120 mV,,
Maximum 800 mV,,

Electrical properties

Electrical isolation

Channel isolated from channel and bus
Sensor power supply isolated from sensor power supply
Sensor power supply not isolated from channel

Operating conditions

Mounting orientation

Horizontal Yes
Vertical Yes
Installation elevation above sea level |
0 to 2000 m No limitation
>2000 m Reduction of ambient temperature by 0.5°C per 100 m
Degree of protection per EN 60529 1P20
Ambient conditions
Temperature |
Operation |
Horizontal mounting orientation -25 to 60°C
Vertical mounting orientation -25 to 50°C
Derating -
Starting temperature - Yes, -40°C
Storage -40 to 85°C
Transport -40 to 85°C
Relative humidity
Operation 5 to 95%, non-condensing Up to 100%, condensing
Storage 5 to 95%, non-condensing
Transport 5 to 95%, non-condensing
Mechanical properties
Note Order 1x terminal block X20TB12 separately. Order 1x terminal block X20TB12 separately.
Order 1x bus module X20BM11 separately. Order 1x bus module X20cBM11 separately.
Pitch 12.5*92 mm

Table 38: X20A12438, X20cAl2438 - Technical data

1)
2)
3)

Based on the current measured value.
Based on the 25 mA measurement range.

To reduce power dissipation, B&R recommends leaving unused inputs open.
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1.8.3.2 LED status indicators

For a description of the various operating modes, see section "Additional information - Diagnostic LEDs" in the
X20 System user's manual.

Figure LED | Color | Status | Description
Operating state
r Green Off No power to module
Single flash UNLINK mode
Double flash BOOT mode (during firmware update)"
Blinking quickly SYNC mode
Blinking slowly Mode PREOPERATIONAL
On RUN mode
Module status
e Red Off No power to module or everything OK
Single flash A conversion error has occurred. This status is output along with a double flash
on the channel LED of the analog input where the error occurs.
On Error or reset status
Sensor supply
\ Yellow Off Module supply not connected or overload
On Sensor supply in its normal operating range
Analog input
1-2 Green Off Indicates one of the following cases:
*  No power to module
+  Channel disabled
* Openline
Single flash Input signal overflow or underflow
Double flash A conversion error has occurred. A single flash is output on the red "e" module
status LED.
On Analog/digital converter running, value OK
HART link
L Green Off Indicates one of the following cases:
*  No power to module
« HART disabled for the respective channel
Flickering Carrier signal active (DCD or RTS)
HART error
e Red Off Indicates one of the following cases:
*  Communication taking place without errors
*  No power to module
* HART disabled for the respective channel
On Communication error

1) Depending on the configuration, a firmware update can take up to several minutes.
1.8.3.3 Pinout

Shielded twisted pair cables should be used to minimize coupling disturbances. Use either one cable for each
channel or a multiple twisted pair cable for both channels.

®
&
<
~
<
=]
3]
x

Sensor supply 1 + Channel 1 +
Sensor supply 1 - Channel 1 -
Sensor supply 2 + Channel 2 +
Sensor supply 2 - Channel 2 -
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1.8.3.4 Connection examples

2-wire connections
A 2-wire connection can be implemented as follows:

e 2-wire transducer
» Active current source

Al
2-wire =
transducer
(passive) = O _6

& © Current source
O O T
e L

+24VDC <« » +24 VDC

GND < » GND

4-wire connections
A 4-wire connection can be implemented as follows:

» 4-wire transducer with external supply
» 4-wire transducer supplied by the module

Al 1)
O O [+ 4-wire
transducer
o1 FO =l (active)
]
6‘ O [+ 4-wire
transducer
Q_ FO = (active)
T
- »
+24VDC <« » +24 VDC
GND < » GND
1) With external power supply.
2) With internal power supply. The internal power supply is only permitted to be loaded with max. 30 mA.
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1.8.3.5 Input circuit diagram

Galvanic isolation

o ‘ /o

i DC-to-DC :

; 28V : power supply

i Output iy 18-30V

! protection converter L—L— D x | GND YO
; 25V DC-to-DC e
i 33V

Sensor power supply x +

i
i
i
i
i

Sensor power supply x - ‘
T T
i 'GNDx
P
[ RTS (Request to Send)
1 ! .
[ :
P

Channel x + | 04— HART
P modem
i
: ! Input Processor
P - .
; H protection *g Protection AD
[ 2 and
P 1%} filter converter
Channel x - ! O% T '

GND x

1.8.3.6 Behavior in the event of short circuit

In the event of a short circuit, the output current for the sensor supply is limited according to the following diagram.

25
20
= 15
(]
(o))
i)
S 10
5
0
0 10 20 30 40 50

Current [mA]

1.8.3.7 Usage after the X201F1091-1

If this module is operated after X2X Link module X201F1091-1, delays may occur during the Flatstream transfer.
For detailed information, see section "Data transfer on the Flatstream™ in X20IF1091-1.

193



Analog input modules < X20(c)AI2438
1.8.4 Register description
1.8.4.1 General data points

In addition to the registers described in the register description, the module has additional general data points.
These are not module-specific but contain general information such as serial number and hardware variant.
General data points are described in section "Additional information - General data points" in the X20 System
user's manual.

1.8.4.2 Register overview - Function model 0 (standard)

Register Name Data type Read Write
Cyclic Acyclic Cyclic Acyclic
Analog signal - Configuration
386 AnMode_1 UINT .
426 AnMode_2
390 Samplerate_1 UINT .
430 Samplerate_2
394 OpenLoopLimit_1 (U)INT .
434 OpenLoopLimit_2
398 LowerLimit_1 (U)INT .
438 LowerLimit_2
402 UpperLimit_1 (U)INT .
442 UpperLimit_2
406 Hysteres_1 (U)INT .
446 Hysteres_2
410 ReplacementLower_1 (U)INT .
450 ReplacementLower_2
414 ReplacementUpper_1 (U)INT .
454 ReplacementUpper_2
418 ErrorDelay_1 UINT .
458 ErrorDelay_2
422 SumErrorDelay_1 UINT .
462 SumErrorDelay_2
466 Preparationinterval_1 UINT .
482 Preparationinterval_2
Analog signal - Communication
266 Analoglnput01 (if replacement value strategy on) (U)INT .
270 Analoglnput02 (if replacement value strategy on)
258 Analoglnput01 (if replacement value strategy off) (U)INT .
262 Analoglnput02 (if replacement value strategy off)
282 AnalogSampletime01 (16-bit) INT .
290 AnalogSampletime02 (16-bit)
284 AnalogSampletime01 (32-bit) DINT .
292 AnalogSampletime02 (32-bit)
30 AnalogStatus01 USINT .
31 AnalogStatus02
UnderflowAnaloglnput01 or 02 Bit 0
OverflowAnaloglnput01 or 02 Bit 1
OpenLineAnaloglnput01 or 02 Bit 2
ConversionErrorAnaloginput01 or 02 Bit 3
SumErrorAnaloglnput01 or 02 Bit 4
SensorErrorAnaloginput01 or 02 Bit 6
loSuppErrorAnaloginput01 or 02 Bit 7
HART - Configuration
1537 HartNodeCnt_1 USINT .
1665 HartNodeCnt_2
1539 HartMode_1 USINT .
1667 HartMode_2
1541 HartBurstNode_1 USINT .
1669 HartBurstNode_2
HART - Extended configuration
1558 HartNodeDisable_1 UINT .
1686 HartNodeDisable_2
1546 HartProtTimeOut_1 UINT .
1674 HartProtTimeOut_2
1550 HartProtRetry_1 UINT .
1678 HartProtRetry_2
1554 HartPreamble_1 UINT .
1682 HartPreamble_2
HART - Communication (P2P)
612 + N*24 | PvinputO1_ON (index N =1 to 4) REAL . .
1124 + N*24 | Pvinput02_ON (index N = 1 to 4)
617 + N*24 | PvUnit01_ON (index N =1 to 4) USINT . .
1129 + N*24 | PvUnit02_ON (index N = 1 to 4)
628 PvSampleTime01 DINT . .
1140 PvSampleTime02
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Register Name Data type Read Write
Cyclic Acyclic Cyclic Acyclic
626 PvSampleTime01 INT .
1138 PvSampleTime02
566 PvNodeComStatus01 DINT .
1078 PvNodeComStatus02
HART - Communication (multidrop)
612 + N*24 | PvinputO1_N (index N = 01 to 15) REAL . .
1124 + N*24 | Pvinput02_N (index N = 01 to 15)
617 + N*24 | PvUnit01_N (index N = 01 to 15) USINT . °
1129 + N*24 | PvUnit02_N (index N = 01 to 15)
604 + N*24 | PvSampleTime01_N (index N = 01 to 15) DINT . .
1116 + N*24 | PvSampleTime02_N (index N = 01 to 15)
602 + N*24 | PvSampleTime01_N (index N = 01 to 15) INT .
1114 + N*24 | PvSampleTime02_N (index N = 01 to 15)
562 + N*4 | PvNodeComStatus01_N (index N = 01 to 15) DINT .
1074 + N*4 | PvNodeComStatus02_N (index N = 01 to 15)
HART - Extended communication
522 PvCountHartRequest01 UINT .
1034 PvCountHartRequest02
530 PvCountHartTimeout01 UINT .
1042 PvCountHartTimeout02
538 PvCountHartRxError01 UINT .
1050 PvCountHartRxError02
546 PvCountHartFrameError01 UINT .
1058 PvCountHartFrameError02
554 PvNodeFound01 UINT .
1066 PvNodeFound02
558 PvNodeError01 UINT .
1070 PvNodeError02
Flatstream - Configuration
1793 OutputMTU USINT .
1795 InputMTU USINT °
1797 FlatstreamMode USINT .
1799 Forward USINT .
1801 ForwardDelay UINT .
Flatstream - Communication
1857 InputSequence USINT .
1857 + N*2 | RxByteN (index N = 1 to 15) USINT .
1889 OutputSequence USINT
1889 + N*2 | TxByteN (index N = 1 to 15) USINT
1.8.4.3 Register overview - Function model 254 (bus controller)
Register Offset" Name Data type Read Write
Cyclic Acyclic Cyclic Acyclic
Analog signal - Configuration
386 - AnMode_1 UINT .
426 - AnMode_2
390 - Samplerate_1 UINT .
430 - Samplerate_2
394 - OpenLoopLimit_1 (U)INT .
434 - OpenLoopLimit_2
398 - LowerLimit_1 (U)INT .
438 - LowerLimit_2
402 - UpperLimit_1 (U)INT .
442 - UpperLimit_2
406 - Hysteres_1 (U)INT .
446 - Hysteres_2
410 - ReplacementLower_1 (U)INT .
450 - ReplacementLower_2
414 - ReplacementUpper_1 (U)INT .
454 - ReplacementUpper_2
418 - ErrorDelay_1 UINT .
458 - ErrorDelay_2
422 - SumErrorDelay_1 UINT .
462 - SumErrorDelay_2
466 - Preparationinterval_1 UINT .
482 - Preparationinterval_2
Analog signal - Communication
266 0 Analoglnput01 (if replacement value strategy (U)INT .
270 8 on)
Analoglnput02 (if replacement value strategy
on)
258 - Analoglnput01 (if replacement value strategy (U)INT .
262 - off)

off)

Analoglnput02 (if replacement value strategy
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Register Offset? Name Data type Read Write
Cyclic Acyclic Cyclic Acyclic
30 - AnalogStatus01 USINT .
31 - AnalogStatus02
UnderflowAnaloglnput01 or 02 Bit 0
OverflowAnaloglnput01 or 02 Bit 1
OpenLineAnaloglnput01 or 02 Bit 2
ConversionErrorAnaloginput01 or 02 Bit 3
SumErrorAnaloglnput01 or 02 Bit 4
SensorErrorAnaloginput01 or 02 Bit 6
loSuppErrorAnaloginput01 or 02 Bit 7
HART - Configuration
1537 - HartNodeCnt_1 USINT .
1665 - HartNodeCnt_2
1539 - HartMode_1 USINT .
1667 - HartMode_2
1541 - HartBurstNode_1 USINT .
1669 - HartBurstNode_2
HART - Extended configuration
1558 - HartNodeDisable 1 UINT .
1686 - HartNodeDisable_2
1546 - HartProtTimeOut_1 UINT °
1674 - HartProtTimeOut_2
1550 - HartProtRetry_1 UINT .
1678 - HartProtRetry 2
1554 - HartPreamble_1 UINT .
1682 - HartPreamble_2
HART - Communication (P2P)
636 4 Pvinput01_01 REAL °
1148 12 Pvinput02_01
612 + N*24 - Pvinput01_ON (index N = 2 to 4) REAL .
1124 + N*24 - Pvinput02_0ON (index N = 2 to 4)
641 2 PvUnit01_01 USINT .
1153 10 PvUnit02_01
617 + N*24 - PvUnit01_ON (index N = 2 to 4) USINT °
1129 + N*24 - PvUnit02_ON (index N = 2 to 4)
566 - PvNodeComStatus01 DINT .
1078 - PvNodeComStatus02
HART - Communication (multidrop)
636 4 Pvinput01_01 REAL .
1148 12 Pvinput02_01
612 + N*24 - Pvinput01_N (index N = 02 to 15) REAL °
1124 + N*24 - Pvinput02_N (index N = 02 to 15)
641 2 PvUnit01_01 USINT °
1153 10 PvUnit02_01
617 + N*24 - PvUnit01_N (index N = 02 to 15) USINT .
1129 + N*24 - PvUnit02_N (index N = 02 to 15)
562 + N*4 - PvNodeComStatus01_N (index N = 01 to 15) DINT .
1074 + N*4 - PvNodeComStatus02_N (index N = 01 to 15)
HART - Extended communication
522 - PvCountHartRequest01 UINT .
1034 - PvCountHartRequest02
530 - PvCountHartTimeout01 UINT .
1042 - PvCountHartTimeout02
538 - PvCountHartRxError01 UINT .
1050 - PvCountHartRxError02
546 - PvCountHartFrameError01 UINT .
1058 - PvCountHartFrameError02
554 - PvNodeFound01 UINT .
1066 - PvNodeFound02
558 - PvNodeError01 UINT .
1070 - PvNodeError02

1) The offset specifies the position of the register within the CAN object.
1.8.4.3.1 Using the module on the bus controller

Function model 254 "Bus controller" is used by default only by non-configurable bus controllers. All other bus
controllers can use other registers and functions depending on the fieldbus used.

For detailed information, see section "Additional information - Using I/O modules on the bus controller" in the X20
user's manual (version 3.50 or later).

1.8.4.3.2 CAN 1/O bus controller

The module occupies 2 analog logical slots on CAN 1/0.
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1.8.4.4 General information

This module is equipped with two independent electrically isolated channels with integrated HART modems. Both
channels can be used to read in an analog signal and handle HART communication. All registers necessary for
this have a dual design so that the channels can be configured and operated independently of one another.

The current input signals (0 to 25 mA) can be displayed in various formats and used as conventional analog inputs.
The integrated HART modems retrieve digital information from the memory on the HART slave using the same
physical lines that modulate the HART signals.

When using the 0 to 25 mA current input variant, the module is conceived as a HART master for 2 channels (loops),
with FSK modulation of the HART protocol and sensor supply for up to 15 slaves per channel.

Each channel can use one of the following connection variants:

Connection of one HART node (point-to-point) with evaluation of the analog signal and output of 4 HART
process variables OR

Connection of up to 15 HART nodes in multidrop mode with output of the primary HART variable from
activated nodes

Specific features:

Channels electrically isolated
Up to 15 HART input variables per channel

Configurable sampling rate (input filter) to transfer HART and analog signal without interference (default:
50 Hz or 20 ms)

Internal supply with short circuit protection <30 mA per channel

Selective line monitoring can be enabled for: open line (<2 mA), underflow (<3.6 mA) or overflow (>21 mA)
of a configurable threshold

Selectable error strategy (static replacement value or retention of the last permitted value)

Cyclic "HART status" polling (HART command 0), the status information received is made available for
channel diagnostics

Compatible with an additional secondary master in the HART network (module acts as the primary master)

"HART communication error bit" (shows loss of HART connection if a connection had already been estab-
lished successfully)

Optional: Burst mode for one node per channel

Optional: Cyclic polling of "HART variables" (HART command 3 or 9)

Optional: Sensor power supply for max. 15 nodes per channel in the multidrop variant
Optional: Flatstream functionality (module acts as bridge for HART packets)

Information:

Maximum number of HART nodes per channel:

* 5 nodes (when using HART nodes with a nominal current of 4 mA)

* Up to 15 HART nodes (taking into account the maximum permissible input signal or nominal
output current of the sensor power supply of 25 mA)
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1.8.4.5 Analog signal - Configuration

How the analog signal is displayed can be adapted to the requirements of the application. Separate configuration
registers per channel are available to aid in this.

1.8.4.5.1 Channel parameters

Name:

AnMode_1 to AnMode_2

These registers are used to predefine the operating parameters that the module will be using for the respective
channel. Each channel must be enabled individually and can be configured and operated independently.

Information:

Different limit values must be configured for any display normalizing that needs to take place.

Data type

Values

Bus controller default setting

UINT

See bit structure.

29

Bit structure:

Bit Name Value Information
0 Channel 0 Channel Ox turned off
1 Channel 0x enabled (bus controller default setting)
1 Open line detection 0 Open line monitoring turned off
1 Open circuit monitoring enabled (bus controller default setting)
2 Underflow detection 0 Underflow detection turned off
1 Underflow detection enabled (bus controller default setting)
3 Replacement value strategy 0 Use replacement values in the event of error (bus controller
default setting)
1 Keep the last valid converted value
4-5 Normalization 00 Displays 0 to 25 mA as 0 to 32767
01 Display 0 to 25 mA as 0 to 25000 [uA]
(bus controller default setting)
10 Displays 4 to 20 mA as 0 to 32767
11 Displays 0 to 25 mA as 0 to 65535
6-15 Reserved -

1.8.4.5.2 Sample rate

Name:

Samplerate_1 to Samplerate 2

A conversion rate can be configured independently for the two analog inputs. Based on the desired sampling

frequency, the following formula results for this parameter:

Sampling rate for A/D converter = (4920000 / 1024) / Sampling frequency

Data type Value Information
UINT 4 to 1023 Sample rate
Examples of configurable values
Val- .
ue Time Frequency
960 ... 200 ms .. 5Hz
480 ... 100ms ... 10Hz
320 ... 66.7ms .. 15Hz
192 ... 40 ms .. 25 Hz
160 ... 33.3ms .. 30Hz
96 .. 20ms ... 50 Hz (bus controller default setting)
80 ..16.7ms .. 60Hz
48 .. 10ms ... 100 Hz
9 ..2ms ... 500 Hz
4 .. 1ms .. 1000 Hz

The fastest sample rate of 10 ms for the analog inputs is predefined by the cutoff frequency of the hardware filter.
When using HART communication, however, a sample rate not faster than 100 ms is recommended.
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1.8.4.5.3 Limit value for open line detection

Name:
OpenLoopLimit_1 to OpenLoopLimit_2

The limit value for the respective analog input must be set when open circuit monitoring is enabled and if required
by the configured normalization.

Data type Value Information
INT -32767 to 32767 Open circuit limit value.

Bus controller default setting: 2621
UINT 0 to 65535 Open circuit limit value

If limit value monitoring is active, the corresponding error status is output after a configured delay when falling
below this value. Using a default value of 2000 A, the following values and formulas result for this parameter:

» Displays 0 to 25 mA as 0 to 25000: 2000

» Displays 0 to 25 mA as 0 to 32767: 2621, limit value = ([uA] * 32767) / 25000

» Displays 4 to 20 mA as 0 to 32767: -4096, limit value = (([uA] * 1.31068) - 5242.72) * 1.5625
» Displays 0 to 25 mA as 0 to 65535: 5243, limit value = ([uA] * 65535) / 25000

1.8.4.5.4 Preparation time for the measured values

Name:
PreparationintervalO1 to Preparationinterval02

If the last valid measured value should be kept when violating the limit value, then Preparationinterval must be
defined. The measured values continue to be acquired and converted according to the configured 1/O update
time. They are then checked and discarded if they do not meet the specifications. When an error does not occur,
therefore, the measured value acquired 2 preparation intervals ago is constantly output.

Data type Value Information
UINT 0 to 65535 In 0.1 ms.
Bus controller default setting: 0
"Application”
Value being measured (analog)
Functionality: Condition:
Measured values are continuously converted and stored to measured value memory. The current contents of ! - Conversion interval (A/D converter)
the measured value memory are checked within the configured interval. If a permissible value is present, then elapsed
the contents of the buffer memory are passed to output memory and the contents of the measured value mem- "Measured value memory"
ory are passed to the buffer. Measured value (digital)
If the check turns up an impermissible value, then the contents of the measured value memory are discarded. ———
N . ! Condition:
The copy direction between output and buffer memory reverses and the last valid value continues to be output. .
! - Preparationinterval elapsed
- Measured value permissible
i . "Buffer"
Informatlon " Last valid value
If configured to keep the last valid value, the delay time from measuring to outputting the value Condition:
will be at least twice the preparation interval. In the worst case scenario, this can also take twice | |- Preparationinterval elapsed
the interval time plus the configured conversion rate of the A/D converter. - Measured value permissible
"Output memory"
Next-to-last valid/
displayed value

1.8.4.5.5 Lower replacement value
Name:
ReplacementLower_1 to ReplacementLower_2

This register is used to define the lower static values to be displayed instead of the current measured value when
the lower limit is violated.

Data type Value Information
INT -32767 to 32767 Bus controller default setting: 4718
UINT 0 to 65535

If the replacement strategy "Use replacement values when an error occurs" is enabled, the replacement value must
be set for the respective analog input taking the configured normalization into account as well. When an overflow
or underflow error status occurs, the "AnaloglnputOx" on page 202 channel is replaced with the corresponding
value. Using a default value of 3600 A, the following values and formulas result for this parameter:

» Displays 0 to 25 mA as 0 to 25000: 3600

» Displays 0 to 25 mA as 0 to 32767: 4718, limit value = ([uA] * 32767) / 25000

» Displays 4 to 20 mA as 0 to 32767: -819, limit value = (([uA] * 1.31068) - 5242.72) * 1.5625
+ Displays 0 to 25 mA as 0 to 65535: 9437, limit value = ([uA] * 65535) / 25000
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1.8.4.5.6 Upper replacement value

Name:
ReplacementUpper_1 to ReplacementUpper_2

These registers are used to specify the upper static values that are displayed instead of the current measured
value when a limit value is exceeded.

Data type Value Information
INT -32767 to 32767 Bus controller default setting: 27524
UINT 0 to 65535

If the replacement strategy "Use replacement values when an error occurs" is activated, the replacement value must
be set for the respective analog input taking the configured normalization into account as well. When an overflow
or underflow error status occurs, the "AnaloglnputOx" on page 202 channel is replaced with the corresponding
value. Using a default value of 21000 A, the following values and formulas result for this parameter:

» Displays 0 to 25 mA as 0 to 25000: 21000

» Displays 0 to 25 mA as 0 to 32767: 27524, limit value = ([pA] * 32767) / 25000

» Displays 4 to 20 mA as 0 to 32767: 32767, limit value = (([uA] * 1.31068) - 5242.72) * 1.5625
» Displays 0 to 25 mA as 0 to 65535: 55049, limit value = ([uA] * 65535) / 25000

1.8.4.5.7 Lower limit value

Name:
LowerLimit_1 to LowerLimit_2

If the value range needs to be restricted further, this register can be used to enter new user-specific lower limit
values.

Data type Value Information
INT -32767 to 32767 Bus controller default setting: 4718
UINT 0 to 65535

The limit value must be set for the respective analog input depending on the configured normalization. After the
configured delay time has passed, the corresponding error status is given if the respective value is overrun or
underrun. When this error state occurs, the "AnaloglnputOx" on page 202 channel is evaluated according to the
replacement value strategy. Using a default value of 3600 pA, the following values and formulas result for this
parameter:

» Displays 0 to 25 mA as 0 to 25000: 3600

» Displays 0 to 25 mA as 0 to 32767: 4718, limit value = ([uA] * 32767) / 25000

» Displays 4 to 20 mA as 0 to 32767: -819, limit value = (([uA] * 1.31068) - 5242.72) * 1.5625

» Displays 0 to 25 mA as 0 to 65535: 9437, limit value = ([uA] * 65535) / 25000

1.8.4.5.8 Upper limit value

Name:
UpperLimit_1 to UpperLimit_2

If the value range needs to be restricted further, this register can be used to enter new user-specific upper limit
values.

Data type Value Information
INT -32767 to 32767 Bus controller default setting: 27524
UINT 0 to 65535

The limit value must be set for the respective analog input depending on the configured normalization. After the
configured delay time has passed, the corresponding error status is given if the respective value is overrun or
underrun. When this error state occurs, the "AnaloglnputOx" on page 202 channel is evaluated according to the
replacement value strategy. Using a default value of 21000 pA, the following values and formulas result for this
parameter:

» Displays 0 to 25 mA as 0 to 25000: 21000

» Displays 0 to 25 mA as 0 to 32767: 27524, limit value = ([uA] * 32767) / 25000

» Displays 4 to 20 mA as 0 to 32767: 32767, limit value = (([uA] * 1.31068) - 5242.72) * 1.5625
» Displays 0 to 25 mA as 0 to 65535: 55049, limit value = ([uA] * 65535) / 25000
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1.8.4.5.9 Hysteresis

Name:
Hysteres_1 to Hysteres 2

If the user-specific limit values are being used, then a hysteresis range should also be defined. These registers
configure how far a limit value can be exceeded before a response is triggered.

Data type Value Information
INT -32767 to 32767 Bus controller default setting: 131
UINT 0 to 65535

The hysteresis value must be set for the respective analog input depending on the configured normalization. The
error status is cleared if the actual analog value changes by at least this hysteresis value from the limit value in the
allowed direction. Using a default value of 100 yA, the following values and formulas result for this parameter:

+ Displays 0 to 25 mA as 0 to 25000: 100

» Displays 0 to 25 mA as 0 to 32767: 131, limit value = ([uA] * 32767) / 25000

» Displays 4 to 20 mA as 0 to 32767: 156, limit value = [pA] * 1.5625

» Displays 0 to 25 mA as 0 to 65535: 262, limit value = ([uA] * 65535) / 25000

1.8.4.5.10 Delaying error messages
Name:

ErrorDelay_1 to ErrorDelay_2

This register specifies the number of consecutive conversion procedures where an error is pending until the cor-
responding individual error status bit is set. The delay applies to underflow, overflow and open circuit errors. This
delay can be used to hide temporary measured value deviations, for example.

Data type Value Information

UINT Oto 10 Error formation delay in conversion cycles.
Bus controller default setting: 2

1.8.4.5.11 Time for composite error bit
Name:
SumErrorDelay_1 to SumErrorDelay 2

This register specifies the time in milliseconds that one of the individual error bits must be pending until the com-
posite error status bit is set.

Data type Value Information

UINT 0 to 65535 Composite error bit delay in ms.
Bus controller default setting: 4000
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1.8.4.6 Analog signal - Communication

1.8.4.6.1 Analog input values

Name:

Analoglnput01 to Analoglnput02

The analog input value is mapped in this register.

Data type Value Information
INT 0 to 25000 Normalizing option 0 to 25 mA
0 to 32,767 Normalizing option 0 to 25 mA
-8192 to 32767 Normalizing option 4 to 20 mA (value O corresponds to 4 mA)
UINT 0 to 65535 Normalizing option 0 to 25 mA

Predefining values and timing
If a replacement value strategy was configured, value "0" (zero) is output from the beginning until a valid measured
value has been calculated.

The timing of the measured value acquisition is determined by the converter hardware and the set sampling rate.
The two channels are converted independently and not synchronized with the X2X Link network.

Conversion time

Channel 0x sampling rate

1.8.4.6.2 Sample time

Name:

AnalogSampletime01 to AnalogSampletime02

These registers return the timestamp for when the module reads the current channel mapping. The values are
provided as signed 2-byte or 4-byte values.

For additional information about NetTime and timestamps, see "NetTime Technology" on page 239.

Data type Values Information
INT -32,768 to 32767 NetTime timestamp of the current input value in ps
DINT -2147483648 to 2147483647 | NetTime timestamp of the current input value in pys
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1.8.4.6.3 Status of the inputs

Name:

AnalogStatus01 to AnalogStatus02

UnderflowAnaloglnput01 to UnderflowAnaloginput02
OverflowAnaloglnputO1 to OverflowAnaloglnput02
OpenLineAnaloginput01 to OpenLineAnaloglnput02
ConversionErrorAnaloginput01 to ConversionErrorAnaloglinput02
SumErrorAnaloglnput01 to SumErrorAnaloglnput02
SensorErrorAnaloginput01 to SensorErrorAnaloginput02
loSuppErrorAnaloglnput01 to loSuppErrorAnaloglinput02

The current error state of the module channels is indicated in this register regardless of the configured replacement
value strategy. Some error information is delayed according to the previously configured condition.

Setting "Format of status information" makes it possible to define in Automation Studio whether the status infor-
mation is transferred as USINT or bitwise.

Data type Values
USINT See bit structure.

Bit structure:

Bit Name Values Information
0 UnderflowAnaloglnput01 or 02 0 No error
1 Lower limit value undershot
1 OverflowAnaloglinput01 or 02 0 No error
1 Upper limit value overshot
2 OpenLineAnaloginput01 or 02 0 No error
1 Open circuit determined
3 ConversionErrorAnaloglnput01 or 02 0 No error
1 Conversion error determined
4 SumErrorAnaloglnput01 or 02 0 No error
1 Composite error determined
5 Reserved -
6 SensorErrorAnaloglinput01 or 02 0 Sensor voltage OK
1 Sensor load too high
7 loSuppErrorAnaloglnput01 or 02 0 1/0 power supply OK
1 Error in I/O power supply determined

UnderflowAnaloginput

The signal underflow error state is represented here based on the configuration. This error information is enabled
as a multiple of the conversion cycles only after the configurable delay time has passed (see register "ErrorDelay"
on page 201).

OverflowAnaloginput

The signal overflow error status state is represented here based on the configuration. This error information is
enabled as a multiple of the conversion cycles only after the configurable delay time has passed (see register
"ErrorDelay" on page 201).

OpenLineAnaloginput

Based on the configuration, the measurement information is checked for values <2 mA (register "OpenlLoopLimit"
on page 199) to detect a failure signal. Open circuit detection is performed using a configurable hysteresis val-
ue (default: 100 pA, register "Hysteresis" on page 201). It is possible to disable open circuit detection (register
"AnalogMode" on page 198) to suppress the generation of alarms when hardware is missing. This error informa-
tion is enabled as a multiple of the conversion cycles only after the configurable delay time has passed (register
"ErrorDelay" on page 201).

ConversionErrorAnaloglnput

This error state is triggered when the hardware overshoots the conversion time.

SumErrorAnaloglinput

This error information is derived from the state of individual errors and enabled only after the configurable delay
time has passed [ms] (see register "SumErrorDelay" on page 201). Linking this error information in an application
makes it possible to hide temporary overshoots or undershoots of the temperature value, for example.
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SensorErrorAnaloginput

This error is enabled immediately after a fault is detected in the internal sensor power supply.

loSuppErrorAnaloginput

This error is enabled immediately after a supply voltage undershoot is detected (<20 V