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General information

1 General information

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

1.2 Order data

Order number Short description Figure
Motor controllers

X20MM4456 X20 PWM motor module, 24 to 48 VDC +25%, 4 PWM motor

bridges, 6 A continuous current, 10 A peak current, 4x 4 digi-
tal inputs 24 VDC, sink, configurable as incremental encoder

Required accessories
Terminal blocks

0TB3103-7020 Accessory terminal block, 3-pin, screw clamp terminal block
6 mm?
X20TB12 X20 terminal block, 12-pin, 24 VDC keyed

Table 1: X20MM4456 - Order data

1.3 Module description

The PMW motor bridge module is used to control 4 DC motors with a nominal voltage of 24 to 48 VDC +25%
at a nominal current up to 6 A.

Functions:
» Digital inputs
« Operating modes
+ Valve control
* Automatic shutdown

Digital counter inputs
The module is equipped with digital inputs that can additionally be used as incremental counters.
Operating modes

The PWM outputs of the module can be controlled in different operating modes. In addition to the standard
PWM mode, a current operating mode as well as a "boost and hold" mode are available. This allows the
module to be adapted to a wide range of applications.

Valve control

This module can be used to control valves. To prevent the valves from sticking, a dither can be configured
exactly according to the specifications of the valve manufacturer.

Automatic shutdown

The voltage of the module power supply, the motor current and the module temperature are monitored.
If a value overshoots the predefined limit value, the module is automatically shut down. The outputs are
automatically started up again as soon as the value is within the limit value again.
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Technical description

2 Technical description

2.1 Technical data

Order number X20MM4456
Short description
1/0 module 4-channel PWM motor bridge, 4 ABR incremental encoders
General information
B&R ID code OxA177
Status indicators 1/0 function per channel, operating state, module status
Diagnostics
Module run/error Yes, using LED status indicator and software
Output Yes, using LED status indicator and software

1/0 power supply

Yes, using software

Power consumption
Bus
Internal I/0
External 1/0 50 kHz
24 VvDC
48 VDC
60 VDC
External I/O 10 kHz
24 VvDC
48 VDC
60 VDC
External I/0O 5 kHz
24 VvDC
48 VDC
60 VDC

0.01wW
24W

3.3 W / channel
47 W / channel
5.4 W / channel

2.1 W / channel
2.4 W / channel
2.6 W / channel

2 W / channel
2.1 W / channel
2.2 W / channel

Additional power dissipation caused by actua-
tors (resistive) [W]

Certifications

CE Yes
UKCA Yes
ATEX Zone 2,113GExnANCIIAT5 Ge
IP20, Ta (s,ee X20 user's manual)
FTZU 09 ATEX 0083X
uL cURus E225616
Power conversion equipment
HazlLoc cCSAus 244665
Process control equipment
for hazardous locations
Class I, Division 2, Groups ABCD, T5
KC Yes
Digital inputs
Quantity 16
Nominal voltage 24 VDC
Input characteristics per EN 61131-2 Typel
Input voltage 24 VDC (-15% / +20%)
Input current at 24 VDC Approx. 4 mA
Input circuit Sink
Input filter
Hardware <5 us
Software -

Connection type

1-wire connections

Input resistance

Typ. 6 kQ

Additional functions

4x ABR incremental encoder

Switching threshold

Low <5vDC
High >15VDC
Insulation voltage between channel and bus 500 V¢t
ABR incremental encoder
Quantity 4
Encoder inputs 24V, asymmetrical
Counter size 16-bit
Input frequency Max. 50 kHz
Evaluation 4x
Signal form Square wave pulse
Table 2: X20MM4456 - Technical data
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Technical description

Quantity 4

Nominal voltage 24 to 48 VDC +25% v
Nominal current 6A
Maximum current 10A(@25s)

PWM frequency

15 Hz to 50 kHz

Actuator power supply

Supply External

Fuse Required line fuse: Max. 32 A slow-blow (see "Overcurrent protection")
Output protection Thermal shutdown in the event of overcurrent or short circuit
Variant H bridge
Configurable dither Amplitude, frequency

Period duration resolution

16-bit, min. 20 ps

Phase shift PWML, 2, 3, 4

90° each

DC bus capacitance

680 pF

PWM pulse width

PWM mode

15 bits plus sign 210 ns

Current mode

15 bits plus sign 210 ns

Insulation voltage between channel and bus

500 Vi

Electrical isolation Channel isolated from bus
Channel not isolated from channel

Mounting orientation

Horizontal

Yes

Installation elevation above sea level

0 to 2000 m

No limitation

>2000m

Reduction of ambient temperature by 0.5°C per 100 m

Vertical mounting orientation

Degree of protection per EN 60529 IP20
Temperature
Operation
Horizontal mounting orientation 0 to 50°C

Not permitted

Derating

Storage -25to 70°C

Transport -25to 70°C
Relative humidity

Operation 5 to 95%, non-condensing

Storage 5 to 95%, non-condensing

Transport 5 to 95%, non-condensing
Note Order 2x terminal block X20TB12 separately.

Order 1x terminal block 0TB3103-7020 separately.

Pitch 87.5°2 mm

Table 2: X20MM4456 - Technical data

1) The tolerance value is composed of the voltage tolerances and permissible total AC voltage component with a peak value of 5% of the rated voltage.

X20MM4456 Data sheet V 2.27

(6]



Technical description
2.2 LED status indicators

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

Status LED, left

Figure LED Color Status Description
r Green Ooff No power to module
Single flash | RESET mode
Double flash | BOOT mode (during firmware update)?
ry Blinking PREOPERATIONAL mode
2 Oon RUN mode
; e Red Off No power to module or everything OK
= On Error or reset status
S e+r Red on / Green single flash | Invalid firmware
; = 1-8 Green Input state of the corresponding digital input
M1+ M2 Orange On The corresponding output is active

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

Status LED, right

Figure LED Color Status Description
9-16 Green Input state of the corresponding digital input
- \ M3 + M4 Orange Oon The corresponding output is active
| Y—
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Technical description
2.3 Connection elements

In accordance with the EN 60204-1 standard, a cable cross section of 1.5 mm? or larger must be used for
the motor outputs in order to handle the maximum motor current of 10 A. To ensure full motor power,
voltage drops that could result from the cable length and the electrical connections must also be taken into
consideration when selecting the attachment cable.

Warning!

The terminal block is not permitted to be disconnected or connected during operation.

Mise en garde!

Il est interdit de déconnecter le connecteur pendant le fonctionnement.

Information:
Shielded motor cables must be used in order to meet the limit values per standard EN 55011
(emissions).

1 Top-hat rail latch 2 Terminal block X1: DI1-8 / PWM1+2

3 |Terminal block X2: DI 9-16 / PWM 3 + 4 4 | Terminal block X3: Module supply

2.3.1 Terminal block X1-DI1-8 /PWM1+2

DI1
DI3
PWM 1+
DI5
DI7

PWM 2+
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Technical description

2.3.2 Terminal block X2-DI9-16 / PWM3 + 4

DI 9

DI 11

PWM 3+

DI 13

DI 15

PWM 4+

2.3.3 X3 terminal block - Module supply

24 - 48VDC
Shield
GND
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Technical description
2.4 Connection examples

X1 and X2 terminal blocks

The following image shows a connection example for the X1 terminal block. The connection example also
applies to the X2 terminal block.

+24 VDC MM +24 VDC
A A
Sensor 1 Sensor 2
O O
Sensor 3 Sensor 4
O O
Actuator 1
o fo—+!
Sensor 5 Sensor 6
O O
Sensor 7 Sensor 8
O O
Actuator 2
Lo to H
+24 VDC < l— » +24 VDC
GND <« » GND

X3 terminal block

For information on the fuse used, see "Protection" on page 11.

32 A slow-blow
_,
24 - 48VDC i o —

1
Do
i 1

o +

Shield | 0 () 24 - 48 VDC

L -
1 1
P
GND o~

I.

1)
Shield for power supply line

2.5 Input circuit diagram

Input x

Input state

GND

1/0O status

LED (green) %
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Technical description

2.6 Output circuit diagram

The following image shows the output circuit diagram for the outputs 1 and 2. The diagram also applies
to the outputs 3 and 4.

24V -48V

!

HPWM >

PWM 1
controller

LPWM -

HPWM\

v

LPWM\

v

Current comparator 1 +

Voltage monitoring

24V -48V
External power supply

« HPWM

PWM 2
controller

+ LPWM

<+ HPWM\

<+ LPWM\

- Current comparator 2

24V -48V
External power supply

Transil diode

10
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Technical description
2.7 Protection
Line protection must be provided in the power supply line via a circuit breaker or fuses. In general, dimen-

sioning the supply line and overcurrent protection depends on the structure of the power supply (modules
can be connected individually or in groups).

Information:

The effective current for the power supply depends on the load but is always less than the
sum of the output currents. Make sure that the maximum permissible nominal current of
31 A per pin is not exceeded on the power supply terminal of the power unit.

When choosing a suitable fuse, the user must also account for characteristics such as aging effects, tem-
perature derating, overcurrent capacity and the definition of the rated current, which can vary by manufac-
turer and type. In addition, the fuse that is selected must also be able to handle application-specific char-
acteristics (e.g. overcurrent that occurs in acceleration cycles).

The cross section of the power mains and the rated current of the overcurrent protection used are chosen
according to the current load so that the maximum current load for the cable cross section selected (based
on the type of layout, see table) is greater than or equal to the current load in the power mains. The rated
current of the overcurrent protection must be less than or equal to the maximum current load for the cable
cross section selected (based on the type of layout, see table):

IMains < Ib < IZ
Mains < Fuse < Line/cable
Current load of the cable cross section I, / rated current of the over current protection I, [A] according
to type of installation in an ambient air temperature of 40°C in accordance to EN 60204-1
Wire cross section [mm?] Bl B2 C E
15 13.5/13 13.1/10 152 /13 16.1/16
2.5 183/16 16.5 /16 21 /20 22 /20
4 24 /24 23 /20 28 /25 30/25
6 32/32 29/25 36/32 37/32

Table 3: Cable cross section of the mains supply line depending on the type of layout

The tripping current of the fuse cannot exceed the rated current of fuse I,.

Type of layout Description

Bl Wires in conduit or cable duct

B2 Cables in conduit or cable duct

C Cables or wires on walls

E Cables or wires on open cable tray

Table 4: Type of layout for the mains supply line
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Technical description

2.8 Let-through current 12T

The module is designed for let-through current of 360 A2s for a period of 10 seconds. If more current is
needed for a certain time, less current must be drawn during the remaining time in order to maintain the

let-through current.

Calculating the remaining-time current

lBoostz* tBoost * IRemainingZ* (10 - tBoost) <360A%

2 2
| L= I360A S~ Ioost™ ™ tBoost
Remaining V 10s -

tBoost

Example
A boost current of 8 A is needed for a duration of 3 seconds.

2 e_ 2x
IRemaining = VI360A]\_OSS _8'??5 35 -4804

lboost Values if 12T = 360 A2s and |,cgiqua = 4.47 A

tsoost IBoost tRemaining IRemaining 12T
S A S A Az*s
10 6.00 0 0 360.00
2 10.00 8 4.47 360.00
3 8.57 7 4.47 360.00
4 7.75 6 4.47 360.00
5 721 5 4.47 360.00
6 6.83 4 4.47 360.00
7 6.55 3 4.47 360.00
8 6.32 2 4.47 360.00
9 6.15 1 4.47 360.00

These values correspond to the following curve for let-through current I2T:

10.0 A
95A

\ - lBoost
9.0A
85A \
8.0A

75A \

IBoost

70A \\
6.5A

\\
6.0 A

12
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Technical description

2.9 Energy regeneration from voltages

Note

The following information must be observed for the module's regenerative mode:

The module is primarily designed and optimized for motor operation. This means that the module re-
ceives energy to generate a movement. In certain applications, "regenerative mode" is necessary or
desired. This means that the motor is driven externally, for example by a load or movement, causing
the motor to function as a generator and deliver electrical energy in this process.

It is expressly pointed out that energy is fed back to the module when the motor is in regenerative
mode. This can cause the voltage in the module to rise above the supply voltage. Exceeding the max-
imum permissible voltage in the module (see "Nominal voltage" in section "Technical data" - "Motor
bridge - Power section") can result inirreversible damage to the module. This type of damage is caused
by an overload of the internal components and is not due to a material or manufacturing defect.

It is important to ensure that regenerative mode is managed in such a way that the maximum permis-
sible voltage in the module is never exceeded. This can be achieved by suitable protective measures
such as braking resistors.

This also applies to movement of the actuator when it is switched off, for example during maintenance
tasks, since voltage is also induced here. Energy regeneration can be avoided by disconnecting the
cables, for example.

No warranty can be provided for damage caused directly or indirectly by exceeding the maximum per-
missible voltage in the module.
Notice!

Overshoot of the limit values must not be avoided by means of suitable technical mea-
sures or by disconnecting cables during maintenance tasks.

Avis !

Le dépassement des valeurs limites ne doit pas étre évité par des mesures techniques
appropriées ou par la déconnexion des cables lors des opérations de maintenance.

2.10 Derating

The temperature of the module is affected by the PWM period duration. The following derating must there-
fore be taken into account with a PWM period duration under 100 us.

RS —
59A 100 s

58A = 50 ps

57A ‘
O NS SO O
55A
A S N S N
53A P
52A

Current [A]

-25 )) 425 45 50

Ambient temperature [°C]
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Function description

3 Function description

3.1 Digital inputs

The module is equipped with 16 digital inputs. The channels can be used as follows:

Channel Function Special functions
DI1 Digital input A
DI 2 Digital input B
DI 3 Digital input Limit switch, trigger, reference pulse
DI 4 Digital input Limit switch, trigger, reference enable
DI5 Digital input A
DI 6 Digital input B
DI7 Digital input Limit switch, trigger, reference pulse
DI 8 Digital input Limit switch, trigger, reference enable
DI 9 Digital input A
DI 10 Digital input B
DI 11 Digital input Limit switch, trigger, reference pulse
DI 12 Digital input Limit switch, trigger, reference enable
DI 13 Digital input A
Dl 14 Digital input B
DI 15 Digital input Limit switch, trigger, reference pulse
DI 16 Digital input Limit switch, trigger, reference enable

Functions can also be mixed:

Example 1 Example 2
Channel Function Channel Function

DI1 Digital input DIl A

D12 Digital input DI 2 B

DI3 Digital input DI3 R

Dl 4 Digital input DI 4

DI5 Digital input DI 5 Digital input
DI 6 Digital input DI 6 Digital input
DI7 Digital input D17 Digital input
DI 8 Digital input DI 8 Digital input
DI 9 A DI 8 Digital input
DI 10 B DI 10 Digital input
DI 11 R DI 11 Digital input
DI 12 DI 12 Digital input
DI13 A DI 13 A

Dl 14 B DI 14 B

DI 15 R DI 15 R

DI 16 DI 16

Limit switch function
The limit switch function serves to quickly shut off the PWM outputs when a limit position is reached.

The limit switch is activated and the disable edge (rising or falling) on the limit switch input is selected
using bits 6 to 8 in the configuration register.

A PWM output is disabled as soon as the configured disable edge is reached on the corresponding input of
the limit switch. It remains disabled until either the limit switch function is disabled or the limit switch is
acknowledged with bit 4 in the corresponding “control register” on page 27 .
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Function description

Enable input

The limit switch input of the module can optionally be used as an enable input. Bits 5to 7 in the configuration
register must be configured accordingly for this. Data point OutputEnable and the digital input are logically
linked by an AND operator.

When the enable input is enabled, the PWM output can be switched on and off via the digital input. Switching
on and off is done with a jitter of 50 us. Since it is possible to react only at the beginning of the PWM period,
an additional jitter of the length of the PWM period duration must be taken into account.

Information:

The register is described in "Configuration" on page 25.

3.2 Operating modes

The module provides the following operating modes:

« PWM mode
e Current mode
» Boost-and-hold current control

The following graphics show how the voltage or current curve of the outputs is affected by registers "PWM
period duration" on page 29 and "PWM pulse width" on page 28.
PWM mode

At the beginning of each period, the output is switched on for the percentage of time set in the PWM pulse
width.

PWM pulse width

Enabled

Disabled _}

PWM period duration

Figure 1: Voltage curve during PWM mode

Current mode

The current output is switched on at the beginning of each period. After reaching the value set in
"PulsewidthCurrentPWM" on page 28, the output is switched off and the voltage drops according to the
set decay configuration until it is next switched on.

3
~een

Disabled

==

[

upm asind WA

Enabled

PWM period duration

Figure 2: Current curve during current mode
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Function description

Boost-and-hold current control

Information:

Only available with firmware version 102 or later.

In this operating mode, the current mode is combined with a higher-level PWM mode.

After the time (tg.0s) Set in register "BoostTime" on page 26, the inrush current (lg.0st) is changed to the
holding current (l,.4ing) Specified in register "HoldingCurrent" on page 26.

The period duration of the current profile is set in register "SwitchingPeriod" on page 26 in 50-us steps.
In addition, the PWM period duration must be set in register PeriodDurationPWM. (Not shown, see Current
mode.)

PWM pulse width

Boost
Boost - - - ‘I
Mo ----f----

PWM period duration

Figure 3: Current curve during boost-and-hold mode
3.2.1 Example: Controlling a digital valve

The boost current (lz.0st) is used to quickly open a digital valve, for example. After the boost time (tgo0st), the
current is reduced to the lower holding current (l,,4ing) in order to save energy and not overload the PWM
output. lyaing is therefore set to a value less than lgoost.

The pulse width can be used to set the opening time of the valve in relation to the period duration. After the
period duration has expired, lgq0s: 1S Started again. If the valve should remain open continuously, the pulse
width must be set to 100%. In this case, no boost current is output at the beginning of the next period.

lsoost iS ONly output if the valve has been switched off for at least 50 us. If the pulse width is set less than
teoost, the boost time is shortened accordingly.

3.2.2 Synchronous operation of channels

In order for 2 or more channels to run synchronously, their period durations of the output profile (Switch-
ingPeriod) must be set to the same value or to a multiple of the other channel. An exact phase position of
0 degrees can only be guaranteed if the channels are switched on simultaneously (in the same bus cycle)
with OutputEnable.

To operate the current profile synchronously to the X2X Link network, SwitchingPeriod should be set to a
multiple of the bus cycle.

3.3 Valve control

When the position setpoint for valves remains constant for a long period of time, especially in fluids, there
is a risk that a valve will stick. This is normally prevented using "dithering". When doing so, the value is
permitted to slightly oscillate around the position setpoint.

By default, the dither is active for both outputs as soon as the dither amplitude and dither frequency are
set to avalue >0. If necessary, the dither can be disabled for each output individually or simultaneously (see
bit 3 in register "control register" on page 27).

No ditheris usedin boost-and-hold mode of the PWM output. Any set dither amplitude and dither frequency
are ignored by the module.

Information:

Registers are described in "Valve control” on page 27.
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Function description

3.3.1 Dither example

The values specified in the data sheet for a valve should be used to calculate Dither amplitude and Dither
frequency.

Data sheet for the valve
The data sheet for a valve manufacturer recommends the following dithering:
Dither height in percent (Apiwner): 20 to 35% (peak values) of the nominal valve current of 2 A

Dither frequency in Hertz (Fpjter): 40 to 70 Hz

Selected values

These values correspond to the average values on the valve data sheet.
Apither = 27% of the valve's nominal current (peak values)

Foither = 56 Hz

Formulas

Dither amplitude = (Apither / 2) * (Nominal current y,.. / Nominal currentyggue) * 10

Info: (Apitner / 2) = Conversion of the peak values to amplitude, " * 10" = Scaling of the dither amplitude to
1/10%

Dither frequency = Fpiner / 2 Hz

Info: Dither frequency is configured in 2 Hz steps.
Calculation

By using the selected values in the formulas.
Dither amplitude =27% /2*(2A /6 A) *10 = 45
Dither frequency =56 Hz / 2 Hz = 28

Dither amplitude

:

Current setpoint

Current

Dither period = Peak value
1/ Dither frequency

Time
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Function description
3.4 Decay configuration
The decay configuration determines the method and dynamics of current reduction for inductive loads or

motors.

"Slow decay" is configured by default. In this mode, the current is automatically reduced relatively slowly
with resistance in the load. No energy is regenerated into the module.

"Mixed decay" mode is recommended for applications that require a dynamic and linear reduction of cur-
rent. In this mode, energy is regenerated into the module during part of the PWM cycle (fast decay).

On Fast decay Slow decay

'y

3.4.1 Current control

As its name suggests, mixed decay mode is a mix of "slow decay" and "fast decay". This occurs as follows:

A check is made at the beginning of each PWM cycle to determine if the actual current for the phases is
below the set current. If this is the case, PWM is enabled (On) until the current setpoint is reached. If the
current setpoint has already been exceeded at the beginning of the PWM cycle (generator operation), the
system immediately switches to fast decay mode until the current setpoint is exceeded. The rest of the
PWM cycle always takes place in slow decay mode.

This also permits generator operation as long as the valid range for the supply voltage has not been ex-
ceeded due to the regeneration into the DC circuit.

Current control in Mixed Decay mode

Slow decay

Current setpoint

Fast decay
Actual current

PWM
frequency

_____________________________________
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Function description

Current control in Slow Decay mode

Slow decay

Current setpoint

Actual current

Slow decay

PWM
frequency

3.4.2 PWM control
When Mixed Decay mode is enabled, the outputs are driven in Fast Decay mode up until 50% of the period
and in Slow Decay mode for the remainder of the switch-off phase.

When Slow Decay mode is used, it is immediately enabled during the switch-off phase.

PWM control in Mixed Decay mode (pulse duty factor = 37.5%)

Fast decay
Fast decay Slow
decay
\ On
Actual current
Slow
decay
On
50%
37.5% 100%

PWM
frequency

PWM control in Slow Decay mode (pulse duty factor = 37.5%)

Slow decay

Slow decay

On
Actual current

PWM
frequency
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Function description

Operating DC motors
In PWM mode, the motor current is limited to the maximum current (10 A), independent of the supply volt-
age.

However, the motor switches to generator operation when braking. Because of the counter EMF, which is
dependent on the rotary speed, a current is generated in the module that is only limited by the internal
resistance of the motor. This is not permitted to exceed 15 A (maximum 2 seconds).

The counter EMF closely corresponds to the voltage needed to achieve this speed. Therefore, the maximum
brake current is very easy to calculate with the following formula.

Iprake = Ue * PulseWidth , 1
- Ye 0
Brake 100% RMotor
Example:
Module supply 42V
Pulse width 16364 (equal to 50%)
Internal resistance of motor 350

- 50 1 _
Igrake =38V * 100% 350 =5.4A

3.4.3 Measurement of effective current
In current controller mode (see bit 12 in the "configuration register" on page 25), there is an apparent
deviation between the current setpoint and the measured effective current.

This is due to how the module operates. The PWM output remains "On" or in "Fast Decay" as long as needed
to reach the current setpoint. Therefore, the current setpoint is the maximum or minimum current in a
specified PWM cycle. This is why the effective current of this cycle (average current of this cycle) is lower
(PWM ="0On") or higher (PWM = "Fast Decay") than the current setpoint.

The size of the deviation depends on the load impedance.

3.5 Monitoring and automatic shutdown

3.5.1 Monitoring the module power supply

The module supply is continually monitored. If the following limits are exceeded in either direction, an error
bit is set.

Upper limit: >80V
Warning stage: >60V
Lower limit: <18V

3.5.2 Overvoltage shutdown

If the supply voltage in the module rises above 80 V (e.g. due to energy regeneration in regenerative mode),
all PWM outputs are switched off (i.e. the terminals of the PWM outputs are short-circuited). The outputs are
enabled again as soon as the supply voltage is back in the permissible range. In current mode (depending
on the current setpoint and inductance of the load), switching on the outputs again can result in an "open-
load" error just like any other abrupt change in the current setpoint.

3.5.3 Shutdown in the event of overtemperature

If the module temperature reaches or exceeds the limit value of 85°C, then the module executes the follow-
ing actions:

» Setting the "overtemperature" error bit
« The PWM outputs are disabled (short-circuited)

Once the module temperature sinks to 83°C, the error bit is automatically cleared by the module and the
outputs become operational again.
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3.5.4 Shutdown in the event of overcurrent

An overcurrent error is reported in the following cases:
« 210 A flow from a PWM output for at least 2 seconds.
« 216 A flow for 3 consecutive PWM cycles.
« If all PWM outputs together require more than 32 A on connector X3.

In all three cases, the affected PWM output is disabled by the firmware (this means that the pins on the
PWM output are short circuited). A PWM output disabled in this way can only be put back into operation by
the user after acknowledging the error in the respective "control register" on page 27.
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4 Commissioning

4.1 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).

4.1.1 CAN I/0 bus controller

The module occupies 4 analog logical slots on CAN 1/0.
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Register description

5 Register description

5.1 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 Sys-

tem user's

manual.

5.2 Function model O - Standard

Register |Name Data type Read Write
Cyclic Acyclic Cyclic Acyclic
Configuration
64 ConfigOutputO1 USINT .
65 ConfigOutput02 USINT .
72 + (N-1) * 8 | ConfigurationON (index N =1 to 4) UINT (]
74 + (N-1) * 8 | HoldingCurrentON (index N =1 to 4)9 INT L]
76 + (N-1) * 8 | BoostCurrentON (index N = 1 to 4)9 INT .
78 + (N-1) * 8 | BoostTimeON (index N = 1 to 4) UINT (]
104 + (N-1) * 2| SwitchingPeriodON (index N =1 to 4) UINT (]
Communication
0 + (N-1) * 8 | PulseWidthCurrentPWMON (index N =1to 4) INT .
0 +(N-1) *8 | CounterON (index N =1to 4) INT .
2+ (N-1) *8 |CounterLatchON (index N =1to 4) INT .
2+ (N-1)*8 | Control USINT .
TriggerEdgeON Bit O
StartTriggerON Bit1
StartLatchON Bit 2
DitherDisableON Bit 3
ClearErrorON Bit 4
ShowMeanCurrentON Bit5
ResetCounterON Bit 6
OutputEnableON Bit 7
4 PeriodDurationPWM UINT (]
4 + (N-1) *8 |usSinceTriggerON (index N =1to 4) UINT .
6+ (N-1) *8 |StatusON (index N =1to 4) USINT .
Statusinput(N-1)*4 + 1 Bit O
Statusinput(N-1)*4 + 4 Bit 3
nLatchPendingON Bit 4
LatchDoneON Bit 5
EndswitchReachedON Bit 6
PWMErrorON Bit 7
7 Global error USINT .
OverVoltageError Bit 4
UnderVoltageError Bit 5
VoltageWarning Bit 6
OvertemperatureError Bit 7
15 Channel errors USINT .
CurrentErrorO1 Bit O
OverCurrentErrorO1 Bit 1
CurrentError02 Bit 2
OverCurrentError02 Bit 3
CurrentError03 Bit 4
OverCurrentError03 Bit5
CurrentError04 Bit 6
OverCurrentError04 Bit 7
128 ModuleTemperature SINT L]

1) Only available with firmware version 102 or later
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5.3 Function model 254 - Bus controller

Register Offset? Name Data type Read Write
Cyclic | Acyclic Cyclic Acyclic
Configuration
64 - ConfigOutputO1 USINT L]
65 - ConfigOutput02 USINT (]
72+ (N-1)*8 - ConfigurationON (index N =1 to 4) UINT L]
74+ (N-1)* 8 - HoldingCurrentON (index N =1 to 4) INT (]
76+ (N-1)*8 - BoostCurrentON (index N = 1to 4) INT L]
78 +(N-1) * 8 - BoostTimeON (index N =1to 4) UINT .
104 + (N-1) * 2 - SwitchingPeriodON (index N =1to 4) UINT (]
Communication
0+ (N-1)*8 | 0+ (N-1)*8 |PulsewidthCurrentPWMON (index N = 1to 4) INT L]
0+ (N-1)*8 | 0+ (N-1)*8 |CounterON (index N =1to4) INT (]
2+(N-1)*8 2+ (N-1) *8 |CounterLatchON (index N =1to 4) INT .
2+(N-1)*8 2+ (N-1)*8 |Control USINT .
TriggerEdgeON Bit O
StartTriggerON Bit 1
StartLatchON Bit 2
DitherDisableON Bit 3
ClearErrorON Bit 4
ShowMeanCurrentON Bit 5
ResetCounterON Bit 6
OutputEnableON Bit 7
4 4 PeriodDurationPWM UINT L]
4+ (N-1)*8 | 4+ (N-1)*8 |usSinceTriggerON (index N =1to 4) UINT .
6 (N-1) * 8 6 (N-1) *8 |Status of the inputs U(S)INT .
Statusinput(N-1) *4 +1 Bit O
Statusinput(N-1) *4 + 4 Bit 3
nLatchPendingON Bit 4
LatchDoneON Bit 5
EndswitchReachedON Bit 6
PWMErrorON Bit 7
CurrentErrorO1 Bit 8
OverCurrentErrorO1 Bit 9
CurrentError02 Bit 10
OverCurrentError02 Bit 11
CurrentError03 Bit 12
OverVoltageError
OverCurrentError03 Bit 13
UnderVoltageError
CurrentErrorO4 Bit 14
VoltageWarning
OverCurrentError04 Bit 15
OvertemperatureError
128 - ModuleTemperature SINT L]

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

5.4.1 Configuration

Name:

ConfigurationO1 to Configuration04

These registers can be used to configure the 4 DC motors.

The following placeholders are used in the configuration table:

Register description

Register Channel N Inl1 In2
Configuration01 1 DI3 Dl4
Configuration02 2 DI7 DI8
Configuration03 3 DI11 DI12
Configuration04 4 DI15 DI16
Data type Values Bus controller default setting
UINT See the bit structure. 0
Bit structure:
Bit Description Value Information
0-1 Configuration of the latch function for ABR counter N. En- 00 ABR counter N is latched unconditionally (default setting).
abling the latch function is described in the control regis- The reference enable input is ignored (bus controller default
ter (bit 2): setting).
01 ABR counter N is latched if a rising edge occurs on digital
input In1 and reference enable input In2 is "1". The reference
enable input must be enabled to do this (see bit 2).
10 ABR counter N is latched if a falling edge occurs on digital
input In1 and reference enable input In2 is "1". The reference
enable input must be enabled to do this (see bit 2).
11 The latch function is disabled.
2 Reference enable input: 0o No reference enable input (bus controller default setting)
1 Digital input In2 is used as the reference enable input.
3 Active level of the reference enable input for ABR counter (o] Active level = High (bus controller default setting)
N: 1 Active level = Low
4 Reserved 0
5-7 Definition of the limit switch N (see also "Limit switch 000 Limit switch N is disabled (bus controller default setting)
function" on page 14): 001 Digital input Inl is used as the Enable input.b
010 Digital input Inl is used as the limit switch.
011 Reserved
100 Digital input In2 is used as the limit switch.
101 Reserved
110 Digital inputs Inl1 and In2 are used as the left and right limit
switches.
111 Reserved
8 Active level for limit switch N: 0 Active level = High (bus controller default setting)
1 Active level = Low
9-10 Trigger input for trigger counter "usSinceTrigger" N: 00 The trigger counter is disabled (bus controller default set-
ting).
01 Digital input Inl is used as the trigger input.
10 Digital input In2 is used as the trigger input.
11 Reserved
11 Display mode for output N: X See Display mode.
12+15 Output mode N: 00 PWM mode (bus controller default setting)
01 Current mode
10 Boost-and-hold current control?
11 Reserved
13-14 Decay configuration for PWM N (see also "Decay configura- 00 Slow decay (bus controller default setting)
tion" on page 18): o1 Mixed decay
10-11 Reserved

1) Only available with firmware version 102 or later
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Display mode

The value indicated in the CounterLatchOx counter registers and usSinceTriggerOx is determined by the

following settings:

+ Bit5inregister Control.
+ Bit1linregister ConfigurationOx.

Configuration in register Display in counter register
Control: Bit 5 ConfigurationOx: Bit 11 CounterLatchOx usSinceTriggerOx

0 0 Counter value Time measurement

0 1

1 0 Measurement of av- Time measurement

erage current value

1 1 Counter value Measurement of av-

erage current value

5.4.2 Boost-and-hold registers

5.4.2.1 Boost current

Name:
BoostCurrentO1 to BoostCurrent04

The boost current is set in mA in this register.

Data type Values Information

INT 0 to 10000 ForOto10 A

5.4.2.2 Boost time

Name:
BoostTimeOl to BoostTime04

The sampling time is set in us in this register. The entered value is rounded up to the next largest 50-pus

interval.
Data type Values Information
UINT 0 to 65500 In ps

5.4.2.3 Holding current

Name:
HoldingCurrentO1 to HoldingCurrent04

The holding current is set in mA in this register. After the boost time, the current for the remaining pulse

width time is raised or lowered to this value.

Data type Values Information

INT 0 to 6000 ForOto6 A

5.4.2.4 Period duration of the current profile

Name:
SwitchingPeriod01 to SwitchingPeriod04

This register is used to set the period duration of the current profile in ps for boost-and-hold mode. The
entered value is rounded up to the next largest 50-us interval.

Data type Values Information

UINT 2000 to 65500 Corresponds to 500 to 15.26 Hz

26
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5.4.3 Valve control

5.4.3.1 Dither amplitude

Register description

Name:

ConfigOutputO1

The amplitude value or the pulse width can be set in this register.

Data type Values Information

USINT 0to 255 Current operation: 0 to 25.5% of the nominal module current?

PWM mode: 0 to 25.5% of the period duration.
Bus controller default setting: 0

1) See the technical data of the module.

5.4.3.2 Dither frequency

Name:

ConfigOutput02

The frequency can be specified in steps of 2 Hz in this register.
Data type Values Information

USINT 0 to 255 Corresponds to 0 to 510 Hz.

Bus controller default setting: 0

5.5 Communication

5.5.1 Control

Name:

TriggerEdgeO1 to TriggerEdge04
StartTriggerO1 to StartTrigger04
StartLatchOl to StartLatch04
DitherDisableO1 to DitherDisable04
ClearError0O1 to ClearError04
ShowMeanCurrent01 to ShowMeanCurrent04
ResetCounterO1 to ResetCounterO4
OutputEnable01 to OutputEnable04

These registers can be used to configure the behavior of the trigger, the ABR counter and the dither.

[N] stands for the index number of the register.

Data type

Values

USINT

See the bit structure.

Bit structure:

Bit Description Value Information
0 TriggerEdgeN 0 Counting starts at rising edge
Configuration of trigger edge for "usSinceTrigger": 1 Counting starts at falling edge
1 StartTriggerN X Counting starts at the next trigger edge (see bit 0). For more
Enabling of "usSinceTrigger" due to a status change of bit information about trigger functionality, see "Trigger func-
1 tion procedure" on page 28.
2 StartLatchN (o] Disabled
Latching or referencing ABR counters: 1 Enabled
3 DitherDisable N o] Dither for PWM output N is switched on. The dither frequen-
cy and dither amplitude must be greater than 0 (see "Valve
control" on page 16).
1 Dither for PWM output N is switched off.
4 ClearErrorN 0 No effect
Acknowledging error or limit switch: 1 Error acknowledgment on output N (overcurrent or open
load) or acknowledgment of limit switch N
5 ShowMeanCurrentN 0 Register CounterLatchN contains the latched counter value.
Configuration of registers "CounterLatch" on page 29 Register usSinceTriggerN contains the time value.
and "usSinceTrigger" on page 30 1 For details, see "Display mode" on page 26.
6 ResetCounterN (o] Enable ABR counter
Reset ABR counter 1 Reset ABR counter
7 OutputEnableN® 0 Switch off the PWM output
1 Switch on the PWM output

1) Only for boost-and-hold current control.
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Trigger function procedure
The following points must be taken into consideration when configuring or activating the trigger function:

» Select the desired trigger edge using bit 0

« Enable the trigger function by changing the state of StartTrigger (bit 1). This edge clears the register
usSinceTrigger (Ms counter).

* When the trigger event occurs, the ps counter "usSinceTrigger" is started

+ The "usSinceTrigger" counter cannot overrun, i.e. the counter is stopped at 2¢-1 and retains this value
until the next time the trigger function is activated

» The trigger function can be re-activated at any time by changing the state of StartTrigger (bit 1) re-
gardless of if a trigger event has occurred or if "usSinceTrigger" has reached its maximum value.

Reset ABR counter

Bit 6 sets the following counters and status bits to O:

* ABR counter

« Latch value of the ABR counter

» Latching started on the ABR counter (bit 4 of the "status register” on page 31)
» ABR counter successfully latched (bit 5 of the "status register” on page 31)

Please note that a started latch procedure is no longer active after the ABR counter has been reset. This
means that latching must be restarted by a rising edge on bit 2.

OutputEnable

Bit 7 can start or stop the output profile in Boost-and-hold current control. If a rising edge occurs on this
data point, any pending Overcurrent error or Open load error of the associated PWM output are acknowl-
edged and the output is switched on.

Starting and stopping occurs immediately after the value is transferred to the X2X Link network with a jitter
of 50 us. It is important to note that a jitter the length of the PWM period duration of the current controller
is added when starting.

Starting and stopping the output profile can also be controlled by the digital input. See "Enable input" on
page.

5.5.2 PWM pulse width

Name:

PulseWidthCurrentPWMOL1 to PulseWidthCurrentPWMO04

The PWM pulse width (PWM mode) or current setting (in current mode) is specified in this register according
to the setting in the module configuration register. (See also "Operating modes" on page 15.) The output
polarity is reversed if the value is negative.

PWM mode

For details, see "PWM mode" on page 15.

Data type Values Output + Output -
INT 32767 High Low
16384 PWM 50/50 Low
0 Low (bus controller default setting) Low (bus controller default setting)
-16384 Low PWM 50/50
-32767 Low High

Current mode

For details, see "Current mode" on page 15.

Data type Values Current mode
INT 19661 to 32767 6to 10 A (max. 2 s)
19660 6A
0 OA
-19660 -6 A
-19661 to -32767 -6to-10 A(max.2s)
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Boost-and-hold current control

For details, see "Boost-and-hold current control" on page 16.

Data type Values Information
INT -32768 to 32767 For -100% to 100%

5.5.3 PWM period duration

Name:
PeriodDurationPWM

The period duration can be set from 20 ps (50 kHz) to 65535 us (15 Hz) in this register. See also "Operating
modes" on page 15.

Data type Values Information

UINT 20 to 65535 Time in microseconds
5.5.4 ABR counter

Name:

Counter01 to Counter04

These registers are 16-bit AB(R) counters.

Data type Values

INT -32768 to 32767
5.5.5 ABR counter latch

Name:

CounterLatchO1 to CounterLatch04
Either the latched counter value or the average current value is indicated in these registers.

Theindicated value is determined by bit 5 "ShowMeanCurrentOx" in the control register and bit 11in register
"ConfigurationOx". For details, see "Display mode" on page 26.

Counter value

When a latch event occurs, the current counter values are saved in these registers.

Data type Values
INT -32768 to 32767
Measurement of average current value
Data type Values Information
INT 19661 to 32767 6to10 A
19660 6A
1 305 pA (10 A / 32767)
0 OA
-1 -305 pA (-10 A / 32767)
-19660 -6 A
-19661 to -32767 -6t0-10 A
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5.5.6 Microseconds since trigger

Name:

usSinceTrigger01 to usSinceTrigger04

This register shows either the time in ps since the last trigger event or the average current value.

Theindicated value is determined by bit 5 "ShowMeanCurrent0x" in the control register and bit 11in register

"ConfigurationOx". For details, see "Display mode" on page 26.

Time measurement

The register cannot overflow during time measurement. The counter is stopped at 2'°-1 and retains this
value until the trigger function is enabled again.

Data type

Values

UINT

0 to 65535

Measurement of average current value
Negative currents are indicated by values between 32769 and 65535.

Data type Value Information
UINT 19,661 to 32,767 6t010A
19,660 6A
1 305 pA (=10 A / 32,767)
0 OA
65,535 -305 pA (= -10 A / 32,767)
45,876 -6A

45,875 to 32,769

-6to-10A
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5.5.7 Status of the inputs

Name:

StatusinputOl to Statusinputl6
nLatchPendingO1 to nLatchPending04

LatchDoneO1 to LatchDone04
EndswitchReachedO1 to EndswitchReached04

PWMErrorO1 to PWMErrorO4

These registers contain the status of the inputs and outputs for each DC motor.

The following placeholders are used in the status table.

Register description

Register Channel [N] In1 In2 In3 In4
Status of inputs 1 1 DI1 DI2 DI3 Dl4
Status of inputs 2 2 DI5 DI6 DI7 DI8
Status of inputs 3 3 DI9 DI10 Di11 DI12
Status of inputs 4 4 DI13 DI14 DI15 DI16
Data type Values

USINT?Y See the bit structure.

UINT?

See the bit structure.

1) Function model 0 and function model 254 — Registers "Status of inputs 3" and "Status of inputs 4"

2) Only function model 254 — Registers "Status of inputs 1" and "Status of inputs 2"

Bit structure:

Bit

Description

Value

Information

0

Statusinput [In1]

Inl is used with ABR counter N for encoder signal A.

Statusinput [In2]

In2 is used with ABR counter N for encoder signal B.

Statusinput [In3]

Possible uses of the digital input
*  Triggerinput N
. Reference pulse for ABR counter N
. Limit switch N (left)

Statusinput [In4]

Possible uses of the digital input
+  Reference enable N
*  Triggerinput N
. Limit switch N (right)

nLatchPending [x]

00

Latching is started.

o1

ABR counter latch N is ready. Latch not yet started.

LatchDone [x]

After each successful latch of ABR counter N, the status of
this bit is changed.

EndswitchReached [x]

00

No effect on PWM output N

01

Limit switch N is reached. PWM output N is switched off.

PWMError [x]

No channel error

Channel error occurred.

PWMError [x] is a summary of the two error bits CurrentEr-
rorOx and OverCurrentErrorOx in register "Channel errors"
on page 32.

PWMError [x] is not affected by the error flags contained in
the "global errors" on page 32 register. In order to inter-
cept error states that can affect the PWM outputs, the glob-
al errors register must also be monitored.

Function model 254 only

Status of inputs 1

With "Status of inputs 1", bits 12 to 15 contain error bits 4 to
7 of register "Global error" on page 32.

Status of inputs 2

With "Status of inputs 2", bits 8 to 15 contain error bits O to
7 of register "Channel errors" on page 32.
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Register description
5.5.8 Channel errors

Name:
CurrentError0O1 to CurrentErrorO4
OverCurrentErrorO1 to OverCurrentError04

If an error is detected, the corresponding error bit in this register remains set until the error is acknowl-
edged using bit 4 in the respective "control register" on page 27.

Data type Values
USINT See the bit structure.

Bit structure:

Bit Description Value Information
0 CurrentErrorO1 (0] No error
1 Open load error
1 OverCurrentErrorO1 (o] No error
1 Overcurrent error, output deactivated.
2 CurrentError02 (0] No error
1 Open load error
3 OverCurrentError02 (o] No error
1 Overcurrent error, output deactivated.
4 CurrentError03 (0] No error
1 Open load error
5 OverCurrentError03 (0] No error
1 Overcurrent error, output deactivated.
6 CurrentError04 (0] No error
1 Open load error
7 OverCurrentError04 (o] No error
1 Overcurrent error, output deactivated.

Overcurrent error

For details, see "Shutdown in the event of overcurrent" on page 21.

Open load error

An open load error is only registered in current control mode (see bit 12 in the respective "configuration
register" on page 25) if the current setpoint is not reached. In some cases this can be caused by an open
line, although usually the impedance of the load is too high.

5.5.9 Global error

Name:
OverVoltageError
UnderVoltageError
VoltageWarning
OvertemperatureError

This register indicates overtemperature and errors in the module supply. The error bits are automatically
acknowledged by the module as soon as the values are back within the permissible limits.

Data type Values
USINT See the bit structure.

Bit structure:

Bit Description Value Information
0-3 Reserved 0
4 OverVoltageError (0] No error
1 Voltage >80 V. All outputs are deactivated.
5 UnderVoltageError 0 No error
1 Voltage <18 V
6 VoltageWarning (o] No error
1 Voltage >60 V
7 OvertemperatureError o] No error
1 Module overtemperature; all outputs are deactivated.
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5.5.10 Temperature

Name:
ModuleTemperature

The module temperature is indicated in this register.

Data type Values Information
SINT -40 to 125 Module temperature in °C

5.6 Minimum cycle time

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

Minimum cycle time
400 ps

5.7 Minimum 1I/0 update time

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

Minimum 1/0 update time
400 ps
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