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DAC-4x(A)-x-LVDT

1 Abbreviations

Abbreviation Description

DAC Digital Amplifier and Controller

EMC Electro Magnetic Compatibility; properties of the unit in order to comply with the EMC directive
uSB Universal Serial Bus; interface for communication between a PC and the DAC-4x(A)
PC Personal Computer

uC Micro Controller; CPU used inside the unit to control all functions

mamsl| meters above median sea level

IP65 Protection Class; solid particle protection and protection level against water ingress
LED Light Emitting Diode

PWM Pulse Width Modulation; method to control the output current at low power losses
Ub Supply voltage

FS Full Scale

Table 1: Abbreviations

2 Terms and Definitions

Term Description
Amplifier Card Amplifier for 19” rack system in Eurocard format
HCSTool Software tool provided by HCS in order to adjust and parametrize DAC-4x(A) units
USB-C connector Connector type used on the USB interface
LVDT Linear variable differential transformer
Table 2: Terms and definitions
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3 General information

3.1 Abstract
This document describes the function of the HCS digital amplifier and controller card “DAC-4x(A)” in addition
of using the LVDT feedback input.

This manual was prepared with great care and the contents reflect the author’s best knowledge. However, the
possibility of error remains and improvements are possible. Please feel free to submit any comments
regarding errors or possibly incomplete information to HCS GmbH.

4 DANGER

Read this manual carefully before working with the digital amplifier cards!

The general and especially the safety instructions of this manual have to be observed
in any case!

Electronic equipment of all kind can have component failures or software may lead to
unpredictable reactions. Secondary safety measures must be taken in order to ensure safety
under all circumstances. This is especially the case for safety critical applications.

Furthermore, it is the responsibility of the user to always comply with applicable safety standards
(e.g. EN 13849) and to implement a system architecture capable to cover all safety requirements.
The unit itself does not comply with any performance level given in EN 13849 or any SIL level as

per EN 61508.

Applicable laws and safety standards have to be observed at any time. Before commissioning or
using the equipment the necessary risk analysis must be conducted and suitable protection
measures must be taken.

HCS GmbH refuses any liability in case of omission to comply with these requirements.

3.2 Scope

With the help of this document a professional, competent and trained user should be able to install, wire,
connect, commission, set parameters, perform fault analysis and fix issues. Also, the document will provide
the user any technical and operational details necessary to safely operate the product. It remains the user’s
responsibility to set-up a safe working environment while operating the product.

The information contained in this manual is valid at the time of this version's release. See footer for version
number and release date of this manual.

DAC-4x(A)-x-LVDT Manual Page 5
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3.2.1 Copyright

© All rights reserved. Except for the usual review purposes, no part of this work may be reproduced or
transmitted in any form or by any means, electronic or mechanical, including photocopy, recording, or any
information retrieval system, without the written permission of HCS HYDRAULIC CONTROL SYSTEMS GmbH
(following referred to as HCS).

3.2.2 Documents place of storage

This manual and all other associated documentation for hardware and software must always be kept in a
location where they will be readily accessible and close to the digital amplifier and controller card DAC-4x(A)
or the equipment in which it is installed.

3.2.3 Warning signs, symbols and notes

4 DANGER

Identifies safety instructions that are intended to warn of an immediate and impending danger to
life and limb. Failure to observe these safety instructions will — with a very high probability - lead
to death, serious personal injury (disablement)!

/\ WARNING

Identifies safety instructions that are intended to warn of potential danger to life and limb.
Failure to observe these safety instructions might lead to death, serious personal injury
(disablement)!

/\ CAUTION

Identifies safety instructions that are intended to warn of slight personal injury.
Failure to observe these safety instructions might lead to slight personal injury.

NOTICE

Failure to observe this safety notice can result in property damage!

@ Identifiers important information

Other identifiers (when applicable):

Identifier Description

o/ - Listings

O References to another chapter, page, table or figure in this manual
blue text Hyperlink within the document

1,2, ... Steps in a procedure that should be performed in consecutive order
«ER» LEDs of the amplifier (for example, «kER»

<> parameter name

[xx] Pin number of the rear connector

Used for references

Table 3: Identifiers
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3.24 Safety and liability

NOTICE

The information in this document is subject to change without further notice.
HCS assumes no responsibility for any faults that may appear in this manual.

This operating manual represents the knowledge of HCS and during the drafting of this operating
manual the greatest possible care was taken. Nevertheless, HCS disclaims any responsibility and
liability claims for individual applications of the user. This is particularly true in cases of non-
compliance, omissions, faults, misinterpretations and misunderstandings.

Applicable laws and safety standards have to be observed at any time. Before commissioning or
using the equipment, the necessary risk analysis must be conducted and suitable protection
measures must be taken.

This manual only describes the functionality and influence of the parameters. The described

software functionality can be used in various amplifier models which can be implemented in a

vast range of applications. Hence it is not possible to assume liability for the influence of the
parameters.

HCS GmbH refuses any liability in case of omission to comply with these requirements.

/\ WARNING

In the case of applications with critical safety requirements or where accident prevention
regulations must be observed, it may be necessary to isolate the components from the solenoids
with relays in e-stop circuits.

To switch off the enable signal (0 V at terminal 8d) is insufficient. In these cases, hydraulic and/or
mechanical safety measures to stop the drive must be provided (e.g. through switching valves
with position monitoring).

/\ WARNING

All types of proportional directional valves, which may be used in all kinds of different
environments and applications, can eventually fail and hence are able to cause damage.

It is the customers obligation to analyze all safety related aspects of the application. It is within
the full responsibility of the machine builder and/or system integrator to make the final selection
of products and reassure and confirm that all requirements regarding safety and performance are
met.

The procedure of selecting the proper control system and related safety levels is covered by the
machine directive EN 13849.

DAC-4x(A)-x-LVDT Manual Page 7
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NOTICE

Liability for any content of this document is rejected!

Any claims against HCS GmbH — based on whatever legal reason - resulting from the use of the
information, programs, engineering and performance data etc., described in this document shall
be excluded. Exclusion in such cases shall not apply for mandatory liability, e.g. under the
“Product Liability Act”, in case of intent, gross negligence, or injury of life, body or health,
guarantee for the quality of a product, fraudulent concealment of a deficiency or breach of a
condition. Damages for breach of a substantial contractual obligation are, however, limited to the
foreseeable damage, typical for the type of contract, except in the event of intent or gross
negligence or injury to life, body or health. The above provisions do not imply a change of the
burden of proof to your detriment.

We reserve the right to make changes to this document at any time without prior notice.

3.2.5 General information

/\ WARNING

ESD (electrostatic discharge) may damage components on the card. In order to prevent any
damage please always follow the recommendations below!

Discharge static voltage from your body by using best practice.
Work in safe environment and do not use any devices in the working surrounding which could
generate or hold static charge. Avoid using the product in areas where floors or surfaces are
composed of materials that could generate static charges.

Handle all equipment very carefully and do not touch exposed pins or components.

Store and transport the units only in its original packaging.

/\ WARNING

During commissioning, particular attention must be paid to the correct design and realization of
the wiring. This must be checked before applying the supply voltage.

To avoid collisions, the safety devices and limit switches must be activated. All safety regulations
are to be observed.

Monitoring the fault signal (terminal 14d) is recommended.

DAC-4x(A)-x-LVDT Manual Page 8
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Malfunctions can occur with the following:

e Changes to the settings made by the supplier.

e Neglecting of operating parameters (e.g. supply voltage, application of inadmissible signals on inputs or
outputs, ambient conditions, wiring, unsafe loads such as motors, contactors, relays, ohm loads, etc.)

e Faults in series-connected controls components and set points or actual values

e Faults in the subsequent hydraulic components

e Removing of solenoids connections.

3.3 Terms and conditions
Please pay attention to our general terms and conditions (available on request).

3.4 Delivery state (default setting)

The product is shipped in a ready-to-use state (default settings). After correct installation and setting of all
parameters relevant for the application, the amplifier card is ready for use.

3.5 Correct product use

The digital amplifier and controller cards “DAC-4x(A)” are used for the following applications:

e Controlling of proportional valves (namely directional control valves); with or without feedback (depending
of operation mode).

e To convert set point signals into a current signal to control one proportional valve and spool position
feedback in the aforementioned valves.

e Forindustrial applications only.

The operation of other inductive or resistive loads is not recommended (motors, heaters, etc.). If you are
considering any applications like this please contact HCS GmbH.

If used correctly, the safety of the user as well as the safe and proper function of the amplifier DAC-4x(A) is
given.

3.6 Non-intended product use

The digital amplifier and controller cards “DAC-4x(A)” should not be used in the following cases:

if noticeably damaged

when the electrical connections are damaged

if they do not function correctly

after incorrect handling or storage

in non-appropriate applications or environments.

In these cases, the digital amplifier and controller card must be disabled and secured against accidental
restarting.

In the case of applications with critical safety requirements or where accident prevention regulations must be
observed, it may be necessary to isolate the components from the solenoids with relays in e-stop circuits. In
these cases, hydraulic and/or mechanical safety measures to stop the drive must be provided (e.g. through
switching valves with position monitoring).

During commissioning, particular attention must be paid to the correct design and realization of the wiring.
This must be checked before applying the supply voltage.

To avoid collisions, the safety devices and limit switches must be activated. All safety regulations are to be
observed.

Malfunctions can occur when:

e Changes to the settings made by the supplier.
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e Neglecting of operating parameters (e.g. supply voltage, application of inadmissible signals on inputs or
outputs, ambient conditions, wiring, unsafe loads such as motors, contactors, relays, ohm loads, etc.)

e Faults in series-connected controls components and set points or actual values

e Faults in the subsequent hydraulic components

e Removing of valve connection.

3.7 Selection and qualification of personnel

Only qualified users may work with the amplifier. Qualified users are properly trained experts with the required
knowledge and experience. In particular, these experts must have the authorization to bring into operation
systems and power circuits in accordance with safety engineering standards. They must be familiar with
safety concepts common in automation.

3.7.1 Inquiries and ordering
To order the product, the complete order code is requested.
See o Chapter "4.4 Model code", page 16

Please pay attention to our general terms and conditions (available on request) and forward orders and
enquiries to the companies as listed on our web page:

Sales Partners (h-c-s-gmbh.de)

https://www.h-c-s-gmbh.de/en/sales-partners

They are our official distributors/partners. We reserve the right to forward any direct inquiries or orders to our
distributors/partners. Nevertheless, we will be available for any necessary technical support.

Germany and other countries without distributor/partner:
Neuffener Strasse 29
D-72636 Frickenhausen
Tel: (+49) 7025 - 911 007
Fax: (+49) 7025 - 911 008

Email: info@h-c-s-gmbh.de " k

www.h-c-s-gmbh.de HyDRAULIC CONTROL SYSTEMS

3.7.2 Service and repair

/\ WARNING

Do not attempt - under any circumstances - to repair the product yourself

After repair, certain adjustments and test procedures must be performed; this can only be made by qualified
and authorized personnel. Products that need repair can be sent to the addresses:

Please enclose a detailed description of the error, malfunction or failure with the sent item and state the serial
number and the purchase date. This will speed up the process and guarantees a fast and reliable repair.

In the case of a fault or a malfunction, your distributor can give you instructions on the phone or in writing
before accepting a repair order. For service and repair, we offer experienced and qualified personnel. In case
you need our assistance, please contact the address:

See o Chapter "3.7.1 Inquiries and ordering", page 10
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3.7.3 Cleaning, storage, transport

The product should only be transported and stored in the original packaging to ensure suitable protection

against mechanical damage as well as electrostatic discharge.

e Keep the amplifier card away from moisture and dust

e Observe the allowed storage and transportation temperature range

e Ifit should be necessary to clean the amplifier, we recommend sending it back to the manufacturer or any
distributor and partner:

See o Chapter "3.7.1 Inquiries and ordering", page 10

/\ CAUTION

Unpacking and handling should be left to suitably trained personnel.
Beware of damaging the amplifier by electrostatic discharge

3.7.4 Delivery state (default setting)

The product is shipped in a ready-to-use state (default settings). After correct installation and setting of all
parameters relevant for the application, the digital amplifier and controller card is ready for use.

3.8 Introduction

The digital amplifier and controller card DAC-4x(A) features leading edge technology. This electronic device
meets the industrial standards for EMC. This ensures a high interference security and low interference
emission.

The performance characteristics are possible through the use of the most current microprocessor technology
(32-bit floating-point CPU) combined with other state of the art components. In addition to all control functions,
the microprocessor also handles closed-loop control. The system features are essentially determined by the
software and provide reserve capacity for further developments and adaptations.

The following features distinguish the DAC-4x(A) series:

e Fully digitized amplifier card with the advantage of
e no on-board potentiometer
e no jumper settings required
e digital setting and display of all parameters by means of PC with HCSTool
e user safety during parameterization
o flexible and reliable system:
e use of a modern 32-Bit floating point uC
e high performance and yet power reserve
¢ high reliability and safety through the use of a integrated watch-dog and reset function
e variable settings for magnetic systems making high flexibility possible
¢ functional use of the interface:
e change of selected parameters “on-the-fly” without interference or interruptions of the working cycle
e analyzing of system performance through selection of display parameters with the PC and by using
the 4-channel oscilloscope function included in HCSTool

3.9 General Applications
The amplifier card DAC-4x(A) is used for:

e With or without electrical feedback transducers

e proportional directional valves direct and pilot operated
e proportional flow control valves
e proportional pressure reducing valves
e proportional pressure regulating valves
DAC-4x(A)-x-LVDT Manual Page 11
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e cartridge valves
e servo valves with torque motors

e Controlling of hydraulic motors, - installations and — systems, e.g.:
e  position

speed

pressure

revolutions per minute

torque

power etc.

e Volume flow control and pressure control of pumps (if the occasion arrives: power limiting function;
controlling valve spool position)

e Controlling of different process values:
e P/Q controlling

e pump controlling
e controlling of pressures
e controlling of pilot- and main stage
e cascade controlling of components etc.
DAC-4x(A)-x-LVDT Manual Page 12
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4

4.1

Product overview and description

Technical features

The general system features of the DAC-4x(A) are the following:

One differential command input (set point). Range of 0 + 10 V respectively 0 or

4 ... 20 mA, resolution 16-bit.

Two single ended command point inputs. Range of 0 + 10 V respectively 0 or

4 ... 20 mA, resolution 16-bit.

Two single ended feedback inputs. For current and voltage. Wide range of adjustability, resolution 16-
bit.

Two optional inputs for LVDT signals. 1 or 2 inputs with optional extension board; information on
request.

Integrated reference voltage supply of £ 10 V (10 mA max.), to supply set point potentiometer or
actual value transducer.

4 (optional 5) recallable digital adjustable set points.

Direction externally set through “+“ and “-* inputs.

Enable signal for output stages.

Reset-Ramp for fast ramp function zeroing.

Status outputs "error” and "comparator*.

All digital inputs and outputs are optically isolated for functional security.

Display with four 7-segment indications and six keys for easy handling and operation.

Function indication through front panel by LEDs.

Additional switching output (24 V, max 1A) to directly disable safety valves.

Analog outputs to perform controller functions and / or enable subsequent electronic devices and
monitoring

(£ 10 V, 12-bit resolution). One is also selectable as current output 4 ...20 mA.

Additional front panel test jacks (2 mm) for easy commissioning. Test jacks for set point (SET)*1, for
feedback 1 (FB1), for solenoid currents (A) and (B) and monitor input (MON) display for analog
display of all parameters

(£ 10 V, 12-bit resolution).

USB interface with USB-C connector

Serial interface RS232 (instead of USB_C interface; optional on request)

DAC-4x(A)-x-LVDT Manual Page 13
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4.2 Technical data

4.2.1 General technical data
Feature Range, characteristics
Supply voltage and 12V DC-10% ... 24 V DC + 20 %,; residual ripple < 10 % (max. 50 VA power draw)

Control voltage for digital inputs

current draw per input < 20 mA

Solenoid system selection

0.8A; 1.1A;1.3A;1.6A; 24 A; 2.7 Aand 3.5 A (intermediate values adjustable)
Servo valve current ranges available on request!

Ambiant operating temperature

-40°Cto+70°C

Storage temperature

-45°C...85°C

Humidity (relative air humidity)

max. 95 % non condensing

Max. elevation

2,000 m (mamsl)

Class of protection

IP20 when installed in 19" rack system

Connector

In accordance with DIN 41612, 48 pol form F gold plated

EMC

In accordance with the applicable industrial standards (CE - conformity) *

Dimensions front panel / PCB

50,5 x 128,4 mm; 10TE / 3 HE; 100 x 160 mm euro format

Analogue set values inputs

3 inputs with 16 Bit resolution {1 x differential; 2 x single ended; 0 ... +-10 V, 0/4 ... 20 mA

Analogue feedback U/l

2 inputs with 16 Bit resolution (current and voltage with wide range of adjustability)

Analogue feedback LVDT ~

1 or 2 inputs with optional extension board; detailled information on request

Digital inputs

8 inputs (S1.01 ... $1.04, ENABLE, RAMP 0, DIRECTION +, DIRECTION -})

Solenoid current (output)

2 PWM output stages, each for up to 3,5 A (with over-energ. and quick de-energization)

Analogue output

1 output with 12 Bit resolution, O ... +-10 V or 4 ... 20 mA (selectable)

Monitor output

1 output with 12 Bit resolution, 0 ... +-10 V

Digital outputs

2 outputs, voltage level 0 V / 24 V, 10 mA (ERROR, COMPARATOR)

Test jacks at front *

Current A and B, sensor 1 (Fb1) set value ($1.06), Monitor and GND

Auxiliary reference voltage

+- 10 V, max. output 10 mA

Optional digital I/O signals

3 for variable usage, voltage level 24 V or 5V

Interface 1

USB-C or (optional) RS232, 9-pol SUB-D-conncetor at face plate

Optional interface 2 ™

PROFIBUS DP; PROFNET; other bus interfaces on request

Display and keypad *

4-digit 7-segment display, 6 keys, status LED's

PWM frequency

22.2 kHz - independant from dither frequency (customer specific frequencies available)

Cycle times

Closed loop 1 and 2: 0.1 msec

Detailed electrical information:

Table 4: General Technical Data

See o Chapter "9 Detailed electrical data", page 50
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4.3 The LVDT principle

A LVDT (Linear Variable Differential Transformer) is an analogue sensor for position measuring. Used in order
to determine a position, for example in hydraulic or pneumatic cylinders and also in proportional or servo
valves or hydraulic pumps.

Depending on the application up to two LVDT can be used at one DAC-4x(A). The additional add-on board
processes the signal from the sensor and passes on the measured values to the DAC-4x(A) main board. The
add-on board has its own CPU and software tailored to the respective sensor type. This board is
parameterized via the main board of the DAC-4x(A).

/\ CAUTION

Please note that the hardware and software of the additional board
are compatible with the intended LVDT configuration! Otherwise,
proper position measurement may not be possible.

4.3.1.1 3-wire LVDT

In case of a 3-wire sensor the system has a primary coil with middle connection. A linear movement is
converted into an electrical signal and digitally acquired. The digital system used in this case records the step
function and based on this the actual position is calculated.

A ferromagnetic core is moved inside of the coil-system and changes the inductance of the system which is
measured and used in the LVDT-software for the position calculation.

For the correct connection of the 3-wire LVDT sensor:

See o Chapter "0

/\ WARNING

Please note that not only the electrical data must match for the sensor to
function, but also the internal structure. If the calibration cycle is completed
correctly, the sensor will function fully.

Connection of 3- wire LVDT sensors, model code ....-SLVDT-3W", page 24

4.3.1.2 4-wire LVDT

Inside the system consists of coils. In case of the 4-wire LVDT it consists of a primary and two secondary
coils. The measuring principle is basically comparable to the 3-wire principle. The two coils must be connected
to each other in such a way that the signals can be evaluated via the add-on board.

For the correct connection of the 4-wire LVDT sensor:

See o Chapter "5.5.2 Connection of 4- wire LVDT sensors, model code ....-SLVDT-4W", page 25

DAC-4x(A)-x-LVDT Manual Page 15
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4.4 Model code
DAC-4_A) - 01 - 270 - PN -S0

Digital
Amplifier

Controller

Version

42 = version w/o keypad and display *1
44 = version with keypad and display
(A) = new advance version

Operation Mode / Version
01 = 1 valve, open loop, 2 solenoids

02 = 2 valves, open loop, 1 solenoid each

03 = 1 valve, spool pos. feedback, 2 solenoids

04 = 1 valve, process value feedback, 2 solenoids

06 = 1 valve, 1 spool + 1 process value, feedback, 2 solen.
07= 2 valves, spool pos. feedback each, 1 solenoid each
08 = 2 valves, 1 process value feedback each, 1 solen. each
10 = 1 process value feedback w/o valve

11 = 2 cascaded process feedbacks w/o valve

05/ 09 = reserved

Solenoid Systems Standand High Current Versions

080 =800 mA; 110 = 1100 mA; 130 = 1300 mA,;

160 = 1600 mA; 240 = 2400 mA; 270 = 2700 mA;

350 = 3500 mA

Solenoid Systems Special Low Current Servo Valve Versions

1) S7110: 0030 = 30; 0040 = 40; 0060 = 60; 0080 = 80; 0100 = 100;
0160 = 160; 0200 = 200 mA

2) S7216: 0120 = 120; 0150 = 150; 0200 = 200; 0300 = 300;
0400 = 400; 0500 = 500; 0550 = 550 mA

3) S7310: 0040 = 40; 0050 = 50; 0080 = 80; 0150 = 150 mA

4) S7410: 0008 = 8; 0010 = 10; 0015 = 15; 0020 = 20; 0030 = 30;
0040 =40 mA

(Optional) Bus Interfaces 2
PBDP = PROFIBUS DP; PN = PROFINET

EIP = ETHERNET/IP; CO = CANopen

Special Options
_XLT = version for open loop applications only
S0 = no special options (does not have to be specified)
SRS232 = RS232 interface instead of USB-C
USB-C currently not available on DAC-42-x
SCC = Conformal Coating applied as protection against humidity
S7116 = servo valve version: 120 mA up to 550 mA
S7216 = servo valve version: 30 mA up to 200 mA
S$7310 = servo valve version: 40 mA up to max 150 mA
S7410 = servo valve version: 8 mA up to max 40 mA
SLVDT-1X-3W = One feedback system with 3 wire-LVDT sensor (direct AC signal)
SLVDT-1X-4W = One feedback system with 4 wire-LVDT sensor (direct AC signal)
SLVDT-2X-3W = Two feedback systems with 3 wire-LVDT sensors (direct AC signal)
SLVDT-2X-4W = Two feedback systems with 4 wire-LVDT sensors (direct AC signal)

Combinations possible! Other on request

*1: --> only available with RS232 interface!
*2: --> only available without faceplate and keypad and no XLT versions

Model examples:

Version with display for one valve with
2.7 A solenoids closed loop operation
in mode 6, one 3-wire LVDT feedback.
With USB-C interface:

DAC-44(A)-06-270-SLVDT-1X-3W

Figure 1 : Model code

Remark: Servo valve versions are covered in a separate manual

DAC-4x(A)-x-LVDT Manual Page 16
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5 Installation

5.1 Mounting

Compare card type (refer to label on rear connector) with part list / diagram.

e The card generally could be mounted in any direction. However, it is recommended to choose a vertical
orientation for better convection cooling. Also, this orientation will be obviously better suited for adjusting
parameters or monitoring display values via the keypad and display (applicable for DAC-44(A) versions
only).

e The amplifier card should be mounted in a shielded environment (e.g. control cabinet).

e The amplifier card module has to be mounted either in a rack according to the 19” rack standards (EIA
310-D, IEC 60297 und DIN 41494 SC48D).
it is also possible to install the card either in an appropriate card holder or HCS own universal rack:

Card holder (HCS article number: 5 741 010 00) Universal rack (HCS article number: 5 741 000 00)

Figure 2 : Card holder and universal rack (not to scale!)
Dimensions Eurocard for 19” rack mounting:

For 3 HE: 100 mm x 160 mm, connector on small side
Faceplate dimensions DAC-4x(A): 3 HE x 10 TE (= 128,4 x 50,5 mm)

Gewinde-Lochstangen

Flihrungsschienen
Bef;stigung //7 // \
&', b L p e

@] ) 8

Stecker / Rickwandbus Holm

Steckplatze

1]
) 19" BGT )
482,6 mm
Figure 3 : General example for 19” Rack systems 3 HE
DAC-4x(A)-x-LVDT Manual Page 17
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5.2 Connection

5.2.1 General recommendations

The general supply voltage for the unit is at the terminals:
[26bd]=0V and [32bd]=+UBis12V DC-10% ... 24 V DC + 20 %; residual ripple < 10 %
(at supply voltage down to 12 V DC some limitations may be applicable).

Output stages are electronically protected against short circuit and overload. The amplifiers should be
protected with a quick-acting fuse.

The solenoids are connected at terminals [22bdz] and [28bdz] for solenoid A; terminals [24bdz] and [30bdz]
for solenoid B. The terminals [bdz] are bridged on the amplifier. We recommend using all three terminals for
better load distribution.

If no electrical isolation of logic inputs or outputs is required, terminal [26bd] may be bridged to terminal 2d
and terminal [32z] to terminal [32bd].

Terminal [18d] is the GND for the digital signals.
5.2.2 Wires and preparation

Connection wires have to comply to the following specifications:

Feature Required

Wire type Hookup cable; stranded

Cross section: Solenoids and supply min AWG 16 / 1.5 mm?

Cross section: Signal, command and sensor: min AWG 20 /0.5 mm?

Wire length Max. 50 m (> 50 m consult factory)
Skinning length 7 mm

Soldering of wires Not permitted!

Table 5: Wires recommendation

/\ WARNING

The assembly contains electronic components. Incorrect handling or operation can lead
to damage through electrostatic discharge (ESD). Only trained personnel should work
with the unit. All safety instructions must be observed. Damage may result if the card is
disconnected while the power supply is still on. Avoid such actions under all
circumstances. The information in this document is subject to change without notice.

/N\ WARNING

Avoid under all circumstances to use logical signals from the card (i.e. “Error”) for
switching machine safety circuits (refer also to EU standard EN13849)!

5.2.3 EMC

Devices DAC-4x(A) series are class “A” equipment and therefore only suitable for industrial surroundings.

The distance between a source of interference (device emitting interference) and an interference sink (a
device under the influence of interference) is very important. The greater the distance between the source of
interference and the sink, the smaller the effects on the equipment will be. In other words, the closer a device
is placed to the source of interference, the greater the interference amplitudes. For this reason, a minimum
gap of 0.25 m should be kept between the amplifiers and strong sources of interference. The following devices
are to be regarded as strong sources of interference:

DAC-4x(A)-x-LVDT Manual Page 18
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Switching power supply units

Frequency converters

Digital drive modules

Mains filters with wiring (even if shielded)

AC/DC commutator motors

Motor cables (even if shielded)

Switched inductances, even if anti-interference measures have been taken (solenoid valves, contactors,
relays, etc.)

One of the most common input points for interference is wiring. If interfering cables are laid at least 0.25 m away
from cables susceptible to interference, the influence on each other can be minimized. Parts of the amplifier
wiring may be susceptible to interference (analog set point and actual value, solenoid cables). If these cables
are laid parallel over a distance longer more 10 m, the necessary distance between them must be increased.
Cables susceptible to interference should never be laid parallel to motor cables. The influence is the least when the
cables cross particularly at an angle of 90°.

However, interference can also arise from cables in the amplifier wiring system, in particular solenoid cables.
Examples of devices which are particularly susceptible to interference:

Office PC’s

Sensors with small output voltages / currents
Capacity proximity switches

Audio equipment (television, hi-fi, radio, etc.)
Devices which do not meet the EMC guidelines

5.2.4 Specific recommendations for wiring and control cabinets

The following rules and tips are by no means to be complete. Since various electronic components are used in
a variety of different ambient conditions, these guidelines only represent a compromise. The actual design of
the wiring also depends on the interference emission and interference sensitivity of each individual
component.

e Use shielded and twisted-pair cables for the solenoid connections. The shield must be grounded (PE
Protective Earth) at both ends. The capacity should be ca. 120 pF/m. If the cables are up 100 m long,
their cross-section has to be 1.5 mm 2 and 2.5 mm 2 for cables longer than 100 m.

e Shields of digital signal lines are to be connected at both ends to a PE, a good conductivity of the
connection should be provided.

e Set point and actual value connections should have shielded and twisted-pair cables. The analog signal
line shields are to be connected, with low impedance, at both ends to PE

¢ In environments with high interference, use double shielded cables for set point and actual value
connections. The inner shield is only grounded at one end, the outer at both ends.

¢ In the event of low-frequency interference on the analog signal lines (measured value fluctuations), the
shield should be connected at one end. Preferably, use a corresponding compensation of potential (see
also the following point).

e Use only cables with a Cu shielding grid and a covering of > 85 %. Avoid screening films. Metal foils must
be avoided.

e The shield should not be interrupted along the entire length of the cable. If contactors, safety switches,
chokes, etc. have to be used in the wiring, the installation of a metallic housing with a high HF shield may
be necessary.

e Shield terminals are to be connected over a large area to the shield rail to function well.

e The shield rail must be installed close to the cable duct in the control cabinet.

e The metallic parts of the electrical cabinet are to be connected with low impedance on large areas. Make
the desired connection with mechanical aids such as scratch plates if necessary. Connect the doors of the
cabinet with the shortest possible homogeneous tapes (multiple).

e Solenoid valves, contactors, relays, brakes, etc. must be suppressed directly at the interference source.
Suitable suppression devices are, for example, RC networks, diodes or varistors.

e Analog and digital signal lines should preferably enter the control cabinet from only one side.

¢ Non-shielded lines of an electric circuit must be twisted.

e Auxiliary wires are to be grounded at both ends.

DAC-4x(A)-x-LVDT Manual Page 19
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e Avoid unnecessarily long lines. This keeps the coupling impedance low.

e Wiring should preferably not be freely hanging in the cabinet. Lay cables, including auxiliary cables, as
close as possible to mounting plates and cabinet housing.

¢ In the case of a potential difference between the shield connections, a compensation conductor of (10 mm
2 should be laid parallel to the shield to reduce the transient current. A multiple connection of the shield to
the cabinet casing and thus PE is generally possible. Also, a multiple connection of the shield outside the
cabinet is possible.

o Iffilters are installed, place them close to the source of interference and keep a good surface contact to
the cabinet or mounting plate.

e If converters are used, converter filters must be provided. Variable speed motors may have to be
connected using shielded lines. All further instructions of the converter manufacturer have to be observed.

The following two pages show illustrations of:

e The most important types of interference and their remedies
e Construction of EMC suitable electric cabinets and systems

The diagrams have been provided by our competent partners for all questions regarding EMC:
NKL GmbH

Birckichstr. 15
D-74549 Wolpertshausen

DAC-4x(A)-x-LVDT Manual Page 20
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Die wichtigsten Arten von Stérungen und Abhiifen:
The most important types of interference and remedies:

Symmetrische Stérungen:

Symmetrical interference:
. s Stdrsenke
Stérquelle '
source of potent:a(ly
interference susceptible
equipment
Erdka- Symmetrische Storstréme flieBen von der Stérquelle Uber die angeschlosse- Erdka-
pazitat nen Verbindungsleitungen gleichzeitig hin und zuriick (Gegentakt-Stdrung). pazitit
gd Symmetrische Stérungen sind von den Erdkapazitéten unabhéngig. L d
ground ——  symmetrical interference cumrents flow simultaneously from the source of inter- ~ —— 9round
capaci- femce and back via the interconnecting lines connected (differential-mode interfe- capaci-
tance rence). Symmetrical interferences are independent of the ground capacitance. tance

VAP AL A A A A A A A A A A A A Ay A A A A e

Typische Stérquellen, die symmetrische Stérungen erzeugen, sind:
Typical sources of symmetrical interferences:

Alle Arten von Gleichrichtern, Thyristor-Steuerungen wie z. B. Phasenanschnitt-Steuerungen,
Halbleiter-Relais etc.

Symmetrische Stdrungen treten in der Praxis hauptséchlich leitungsgebunden im unteren
Frequenzbereich bis ca. 1 MHz auf.

All types of rectifiers, thyristor controls such as e. g. generalized phase controls, semiconductor
relays, etc.

In practice, symmetrical interfernces occur mainly as conducted interference in the lower frequency
range up to about 1 MHz.

___ Langsdrossel/single choke

P
. . Stdrsenke
St =L B
interference J susc:'eptlble
 — equipment
Erdka- Erdka-
pazitdt | Kondensator zwischen den Leitern | pazitat
ground —— capacitor between conductors —— ground
capaci- ci-
tance tance

P A A A A A L A 4 A A A A A A A A A A

Symmetrische Stérungen werden entstért durch:
Symmetrical interferences are suppressed by:

o Kondensatoren zwischen den Anschliissen (,X“-Kondensatoren): Diese schlieBen die Stérstréme
kurz, bevor sie die Stérsenke erreichen.

* capacitors between the terminals (,X“ capacitors):
they short-circuit the interference currents just before they reach the potentially susceptible
equipment.

¢ Einzel-Drosseln im Strompfad der Zu- und Ableitungen. Diese Drosseln sind fiir symmetrische
Stérungen wirksam und erhéhen die Impedanz des symmetrischen Stérstromkreises.

e single chokes in the current path of the incoming and outgoing lines. These chokes are effective
for symmetrical interferences and inrease the impedance of the symmetrical interference circuit.

Figure 4 : EMC — interferences and remedies
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EMC adequate design of switchgear cabinets and facilities

All devices with a metal housing or a connector for PE should be connected pro-

perly, i. e. short and with a large contact area to the mounting plate of the cabinet
or the chassis of the machine to ensure a proper potential equalisation.

For that the insulation of the mounting plate has to be removed, especially below

power drive systems and their respective filters.

The best solution is to use a conducting mounting plate that is zinc coated.

/ . L/ Connect the doors short & |
le| @ with low impedance to the /
cabinet e. g. by metal tapes.
SPC kel
o A Devices with high interfe-
rence levels like inverters
or other power drive
ields of diortal sys;emesd shou;dhbe placed
: it Shields of digital sig- at the edge of the enclo-
mains | digital nal lines should be sure. By that the lines
2 connected properly from and to these devices
Lokl at both ends even are kept short inside the
inside the enclosure! enclosure and do not
interfere with other sensi-
tive lines or devices inside
the enclosure.
N pr
[
w | scl’gnal g @ 2 @
frequency- frequency-
/ converter converter /
Place the power
\ line fiter of the  |,1° NN
L inverter as close
[ ~ aspossibletoits("| | | -
\ mains connector!l| |mains | UV W)| (|| mains ‘ uvw /
@
T
o A A
CEEE power output power
- g line fifter filter line filter
\ o ookl of con- | of con- (| of con-

°power line fifter . verter verter verter

for the whole . o 5 Yo 5
w [lcabinet - «

connected at both ends!

"/ / Laythe power <| If a shislded
cable to the IOU‘F’;”; fitter f:; # s motor cable is
; inverter sepa- inverter need 2 used and pro-

Place the power line < p
filter for thg whole  ately! no shielded motor < perly connected
enclosure as close a5 gpields should be cable is used! < at both ends,
possible to the entry i D Signal & data lines s the output filter
of the power line! connected directly - g - 4
Do not lay the power  1© the ground at should be laid b P may not be
,,-,,e’}g,of,’;,, e the entry into the separately from ‘*i g necessary!
whole enclosure until  enclosure! power cables! s
it is connected to the S Install separate earth wire
fiter! Shields of analog sig- | " {PT100[ |/ so that compensating
Connect the PE nal lines (e. g. P SSRAS ¢ ts do not h
directly to the cabinet 100) should be X currents do not have to
and the mounting connected only at > flow only ower the cable
plate at the entry! the end where the % shields!

device is located that >

receives the signal. e
Shields of digital signal- or data ) z
transmission lines should be E— X

Chassis of machine
(symbolic)

S .
VAVZANANVVAVASVZASS

Figure 5 : EMC — adequate design of switchgear cabinets and facilities
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5.3 Terminal assignment X13 (back connector)

Pin d b V4
2 0V (External) LVDT_1-Out LVDT_2-In2
4 Digital set value 2 (S1.02) LVDT_1-In LVDT_2-GND 2
6 Digital set value 3 (S1.03) LVDT_1-GND LVDT_2-Out?
8 ENABLE (DI 1) Analog input 1 (Option) Digital set value 1
(S1.01)
10 Sensor (FB 1) Ug, I Analog output n/c
12 Analog set value 6 Ue+ n/c Analog set value 5 Ue+ (S1.05)
(S1.06)
14 ERROR (DO 1) COMPARATOR (DO 2) (FB 2) Not used.
16 Analog set value 6 Ue- Analog input 2 (Option) Analog set value 7 I (S1.07)
(S1.06)
18 Digital GND PE Reset Ramp (DI 2)
20 Reference output - 10.0 V Break output Reference output
24V /1A +10.0V
22 Solenoid output A - Solenoid output A - Solenoid output A -
24 Solenoid output B - Solenoid output B - Solenoid output B -
26 0V (Power) 0 V (Power) Analog GND
28 Solenoid output A + Solenoid output A + Solenoid output A +
30 Solenoid output B + Solenoid output B + Solenoid output B +
32 + 24 V (Power) + 24 V (Power) 24 V (External)

) To ensure compatibility with the old DAC-4X(A) software versions, the feedback FB2 is mapped to the
connection pin of FB1.
2 If Hardware Version ...-SLVDT-2X is used (Two LVDT sensors)

Table 6: Terminal assignment

5.4 Picture of rear connector
Connector: IEC 60603-2 form F 48 pins

94 max -
2{\23 iﬂ
- - - - i
0*0*o0% 0% 0" 0"0 3;0 '
- e . . . s - b
o000 00 00 o 3
- W - W W= . % W -

~ 15x508=76.20 o 8

Figure 6 : X13 Connector F48

DAC-4x(A)-x-LVDT Manual Page 23
Revision: 1.0 12.11.2025



A\

DAC-4x(A)-x-LVDT

Hyneaniie Covreal. SYSTRAS

5.5 Connection LVDT

/N, WARNING

Please note that not only the electrical data must match for the sensor to
function, but also the internal structure. If the calibration cycle is completed
correctly, the sensor will function fully.

5.5.1 Connection of 3- wire LVDT sensors, model code ....-SLVDT-3W

The inductance and the resistance of the internal coils should be in the range:
Single coil inductance: 2.8mH @ 1Khz
Single coil resistance: 8..20 Ohm DC

Pin 1

Picture 7: Example of 3-wire sensor

Terminal 1 and 3 of the LVDT can be connected in reverse order!
The pin designation on the sensor may vary

5.5.1.1 Connection at X13 (back connector) for LVDT sensor 1

Designation
usually: X13
3 or,C b2, LVDT_1-Out

: b4, LVDT_1-In
Designation/ b6, LVDT 1.OND
—_— usually: B

2" or B

3 Wire LVDT Sensor

— __FRin3

Designation
Pin 1 usually:
,10r ,A°

Picture 8: Connection of 3-wire sensor (sensor 1)

5.5.1.2 Connection at X13 (back connector) for LVDT sensor 2

@ Please note that the pin number on X13 doesn’t match that of sensor 1

3 Wire LVDT Sensor Designation X13
| _ems VRV 26, LVDT_2-Out

2 "’ "’ z2,LVDT_2-In

g Designation/ S LVDT 2.GND

3 ] usually:

° Pin 2 ”211 or ,,B“
Designation

A Pin 1 usually: Picture 9: Connection of 3-wire sensor (sensor 2)
1% or Af
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5.5.2 Connection of 4- wire LVDT sensors, model code ....-SLVDT-4W

On this page, the connection of the 4-wire LVDT sensor is explained. Please note that for the 4-wire sensor,
two of the wires must be combined in a specific way so that the sensor can be connected to our LVDT
measurement system. Additionally, the electronics for sensor evaluation must be factory-configured to
accommodate this specific connection. This is why there is a different order code for the 3-wire and 4-wire
versions.

Examples of connector types

Picture 11: Example 4-wire sensor connector 7-pin DIN (M16)

The inductance and the resistance of the internal coils should be in the range:

e Sensor types A:

E.g.

Inductance 3,4 or AD: 0.4.. 23 mH @ 1Khz

Resistance 3,4 or A,D: 30.. 120 Ohm DC

Inductance 1,20rB,C 2..46 mH @ 1Khz

Resistance 1,2 or B,C 60 .. 180 Ohm DC

Tested sensor types Bosch-Rexroth type (R900724225), Messotron DPH50
e Sensor types B:

E.g. Bosch-Rexroth type (R902422162, R9025411632)

Inductance 3,4 or A,D: 30 mH @ 1Khz

Resistance 3,4 or A,D : >500 Ohm DC

Inductance 1,2 or B,C ca. 14 mH @ 1Khz

Resistance 1,2 or B,C ca. 114 Ohm DC

The connection to connector X13 may vary depending on the internal architecture of the sensor. Owing to
design differences between sensor variants, the pin assignments of connector X13 are not identical for all
models. The following connection diagrams provide recommended wiring configurations according to the
respective sensor type in use.

5.5.2.1 Connection at X13 (back connector) for LVDT sensor 1 (sensor type A.B)

Coil connection Connector E:Lféﬂgéﬁon X13
14D Y
- A or.,D \ Sensor type A Sensor type B
3A b2, LVDT_1-Out b6, LVDT_1-GND
. Designation
usually:
X sl b4, LVDT_t-in b4, LVDT _1-In
L 7 b6, LVDT_1-GND b2, LVDT_1-Out
LZ’C Designation «— - -
- 1B usually:
r »1"or ,B* Picture 12: Connecion of 4-wire sensor (sensor 1)
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5.5.2.2 Connection at X13 (back connector) for LVDT sensor 2 (sensor type A)

@ Please note that the pin number on X13 doesn’t match that of sensor 1

Coil connection Connector Desi?ln?tion X13
_l) 4D e or D" '\ Sensor type A Sensor type B
3A z6, LVDT_2-Out z4, LVDT_2-GND
. e aon 22, LVDT_2-In 22, LVDT_2-In
| OAA0I00% ,2,3" or ,C,A"
z4, LVDT_2-GND z6, LVDT_2-Out
- _

L B Designation

- 1 usually: Picture 13: Connection of 4-wire sensor (sensor 2)
Ij »1%0or ,B*
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5.6 Wiring diagrams for all operation modes

5.6.1 Wiring diagram for operation mode 03, ...-SLVDT-1W

Closed loop, 1 proportional valve with 2 solenoids and LVDT spool position feedback

DAC-4x(A)-x-SLVDT
+24V ext. Ref. output - 10V
it SetP. 811 Red U }max. current 10 mA
:n:. get : 2:3:2, Emor max. current 50mA
AT Comparator max, current 50mA
- S Ple 0 Vext
L e
= cla USB-C FIE» g
Ramp =0 Optional R5232 U &) B -
PE Star Enable ? : UNIVERSAL SERIAL BUS
0V ext. PR
: e SetP. 51.05"
R=5K.. 10K = : 12z
NC |Uset W /1 a0 u LVDT connection
At Ly E+ i2d |
:l> | (| SetP. 51.067 SEdz Solenoid A - ~y Valve F:"ICH:“L
5 16d | SolenoidA+ || ] 1 d3 4
= (] UE. 28bdz | TS GND in oun
= A [ SetP. §1.07" 16z ] b ~ Valie
T T
t JI — Analog GND bz | - B | 4 ['D]’E1 b 3]]
1=4..20 mA I E 4 Babaz | Solencid B - ; Kl oND i Out VDT1
| I Obdz Solenoid B+ | I. ' —l
i Iy wort-out fop— BObdz | W
| | LVDT-1-n ab | Analogue out r (et
I T g fiob —
r i WDTA-GND  fr=— *10V | : i
I
- +Ub ' B 18...32V b LT
" T
i [y ov Analogue GND | | | |
6bd
. i o TR - |
I I |
I | L & 3 I
e — =
lose to amplifi i B L o
close to ampl o
I (. A S S e e e e e =1 |
at least 6 ° — ! [ : : [
[ PE star B i i | '
¢ ] — ™ input of set point $1.05, §1.06, $1.07 can be selected voltage or current | I
ov O S S Supiny - Ol - S I
PLC = T L RSP T o e E B L B e e o [ S E e C S e P PR T ]
Figure 14 : Wiring diagram Mode 03
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5.6.2 Wiring diagram for operation mode 04, ...-SLVDT-1W

Closed loop double, 1 proportional valve with 2 solenoids and LVDT feedback of a process value

DAC-4x(A)-x-SLVDT

+24V ext. 504 Ref. output - 10V
int. SetP. 51.01 F PP, }max. current 10 mA
b SR Ermor  max. current 50mA
int Set P. $1.03 14— mmarator :
[ 14D | p max. current 50mA
=) & P E [ 2d| 0V ext.
L L
= c|A I USB-C ' ' ﬂn B
Ramp =0 | Optional Rs232 WD &9 Y .
PE Star Enable ;Il — UNIVERSAL SERIAL BUS
————18d |
0V ext. E LVDT connection
' e SetP. 51.05" [ 123 a)
R=5K.. 10K 7 = 12z - ou
——»20d
NC [uset IJ 7 1 Ugs l_:l_E:'_l Value
J> Y : i SetP. 51.06" f2d_| o7bdz] Solenoid A - 7 Valve so_n B |fors
- L7 Ue lcd | pebdz ] SolemoidA+ | I ]
= & (I setP. s1.07" \ Frocess ]
| | 16z ] . .,
X . : AnalogGND AT vno;'i,
1=4..20mA Voo R RT S :
| (. 0bdz SolencidB+ | | ' —I
! o WOT1-Out_Jop ] Sobdz] = Monitor
: : : LVDT-1-n 4b | fiop | -Analogue out r :
l o LVDT-4-GND__ = 0V | : Tl @
I
" +Ub I ! : 18...32V s [
| = ov Analogue GND | |
26bd
= | T AE %I pez | T :
[ Iy L
I | Ll g r
LoV strip ] | L . —
= [ — 39
| P
close to ampllﬂor// : - g :
at least 6 © [ ! [N | . !
5 0L T T (i e i Y R T S e i e
LI In pl.IT. of set point 1.05, 51,06, $1.07 can be selected vollage or current |
7 i _L f $1.05, 5106, :
0 | s e L e L S oy |
PLC = e e B i B I
Figure 15 : Wiring diagram Mode 04
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5.6.3 Wiring diagram for operation mode 06 ...-SLVDT-1X (one LVDT, one U/l sensor)

Closed loop double, 1 proportional valve with 2 solenoids and LVDT spool position and U/l process value
feedback

@ Please note that the position of parameter E 20 determines the assignment of the feedback inputs.

DAC-4x(A)-x-SLVDT-1X

+24V ext. 352 [20d ] Ref. output - 10V } i GaETE 0 A
int. Set P. $1.01 i :202 Ref. output +10V
fnt, Set . 51,02 4d [1ad | Error max. current 50mA
Int, SetB 51.04) 6d [74b | | _Comparator  max, current 50mA
~ & P E [ 2d| 0V ext.
L —
= clA fj |_ussc [} ltln.a
Ramp =0 Optional R5232
PE Star Enable ;32 _ UNIVERSAL SERIAL BUS Signal =5
8d ] T
0V ext. 2d | =\|;h ue gy I_.L
E20 12v... 30V i
20z 0 L AT L S W
! SetP. §1.05" valve I
R=5K.. 10K T 12z position T - |
20d i connection |
NG |uset 7. j Ugs I p.Q Process | I_~—l— :
j Lyl SetP. 51.06" = aiﬂn ‘.[‘2'3 Sulu [
] UE Solenoid A - <+ Valve |
#* i ‘ : S“EP s1.07" 2bdz Solenoid A + . J IET:':L bl
= 16z 28bdz | L
T [ Sbdz { |
L } ; Analog GND |- R e o oo o I (|
1=4..20mA & (. _ SensorFB1 ke X | positin !
| | i .
; [ wortout fe— Babdz | 2“:‘""!: : = : B |
I || LVDT-1-In BObdz =29 L I |
| [ LVDT-1-GND Abj N | Monitor Iit= :
| 1 6b Analogue out I i |
- +Ub | [ fiob _R—qov | I I
‘ 18...32V b || v | |
| b ov Analogue GND | | [77 | |
- | ‘ BE 26bd 26z e | |
[ | } (18] ; Foq : :
| [ | |
OV stri ] ] i — ! :
I T=H I t
close to arnplifie/ : 1 } J ; : : :
Se==————=—=—=—=———=—=———===————=—=—=
atleast6 © ! [ | [ : :
PEStar e rraiinsiammnaeannnmain s =
I L S ™ J input of set point $1.05, $1.06, $1.07 can be selected voltage or current | : :
oV o e !
PLC = Esne e SAULINDIANIE NGO BESBROR BB, e e el el
Figure 16 : Wiring diagram Mode 06 with one LVDT sensors
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5.6.4 Wiring diagram for operation mode 06 ...-SLVDT-2X (two LVDT sensors)

Closed loop double, 1 proportional valve with 2 solenoids and LVDT spool position and LVDT process value
feedback

DAC-4x(A)-x-SLVDT-2X
+24V ext. Ref. output - 10V
32z | [20d }max current 10 mA
int. Set P. $1.01 Ref. output +10V g
int. Set P, $1.02 6z [20z | :
L SetP. 51.00| 4d [ad | rTor  max. current 50mA
e Yed [12p_|-Comparator  max. current 50mA
= £ P E [ 2d] 0V ext.
L ot
= c|A il usec s ﬂﬂ.ﬂ
RamE =0 18 Optional RS232 LVDT connection
PE Star Enable 18z | : UNIVERSAL SERIAL BUS
===  F8d | l-(:w[:H:n-l
0V ext. 2d ] 8 I"2‘3 4e
5 LVDT-2-Out -
20z 6z
! setP, 51057 | LVDT-2-In |
= 2
R=5K... 10K T 12z | —Z 1 pracNp T e [
1 20d |I CHD  In Dt
NC luset I e ) Uk !
:]> [ 5's +—+ o LVDT connection
| |\ 1 SetP. 51.06" &
- LY UE. Solenoid A - <y Valve
= 22bdz t
: i ] SetP. 51077 6z Solencid A + T I 1243 4l o
16 = GhD In Out
[L | : } Analog GND 26: 28bdz | - = - rocess
- ) ue
1= 20mA | : | Sty s 1L Gllu .E.. Eul[ or
I - LVDT-1-Out 2abdz f—" "0 i
2b | SolencidB+ ;| | !
| | LVDT-1-In 5] B0bdz ot |
! L wor1-6Nfer=— < Monitor |
| 7 6b fiob | Analogue out I |
| I 10V T |
~ +Ub " 18..32V | v
: L ov ashe Analogue GND w ;
: 26bd |
= | . PE % L o I
| I [ [
I I L (RN
0 V strip | - L —— 1 Tt
| : ! : f t T '\‘ J
close to amplifi | I (. I
| [ e e ———— e e N | I
atleast 6 ° / | [ | o I }
PEstar \-—0r/1°"1- - --------------—-—-—-——- = | |
I 2 T | YInput of set point $1.05, $1.06, $1.07 can be selected voltage or current | | I
ov ¢ L [ e i | I
PLC = O S O S SO S S S S S S N ||
Figure 17 : Wiring diagram Mode 06 with two LVDT sensors
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5.6.5 Commissioning

5.7 Front elements

/\ WARNING

The electrical wiring must be checked before switching on the supply voltage. Limit switches
and safety devices must be activated to avoid uncontrolled movements. Carefully follow
relevant safety regulations. Suitable emergency stop measures must be taken.

571  DAC-44(A)

Status LED's

Status LED’s

+ /-

upP

DOWN

Interface
USB-C

ESC

Test and diagnosis
jacks for
2 mm connector

Display
4-Digit,
7-Segment

RIGHT

LEFT

ENTER

Retention
button

Figure 18 : DAC-44 Front elements DAC-44(A)

Element Function

Status LED’s Display of status and signals at the digital inputs and outputs

+ LED’s Display of set point direction through polarity signs for parameters and measured values
Display 4-digit display of parameters and measured values

ENTER

Buttons UP, DOWN,
LEFT, RIGHT, ESC and | and ENTER

All operating, programming and saving may be performed with the buttons UP, DOWN, LEFT, RIGHT, ESC

USB-C interface

Trough which programing and accessing parameters via PC and HCSTool is been executed.
RS232 (optional)

Measuring and test jacks

Direct measurement of set point, actual value, solenoid currents and internal values via the monitor output.
Use 2 mm sockets (S1.06, FB1, A, B, d1.01 ... d2.13)

Table 7: Front elements DAC-44 explanation
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5.8 Operation modes

The setting of parameter <E00> is determining which operation mode is activated. This parameter is factory
preset!
Only the mode relevant parameters are made available for each of the modes.

Available operation modes:

v v v v

1 2
e Closed loop Closed |OOPS| wﬁ:r?r:ﬁlt'o\:ﬁze
I l v

Valve /
1 valve 2 valves Process
(Mode 1) (Mode 2) (Mode 6)
h 4 A 4
y A4 1
Valve Process Single Cascaded
(Mode 3) (Mode 4) (Mode 10) (Mode 11)

Figure 19 : Available Operation Modes

With the use of parameter <E00> any basic mode of operation may be selected. A change in operation modes
will be effective immediately. Recalling the parameters for the newly chosen mode takes only a few seconds.
During this time, the display flashes. Only the mode relevant parameter are made available.

<E00> Mode description
1 Open loop, 1 proportional valve with 2 solenoids without feedback
2 Open loop, 2 proportional valves with 1 solenoid each without feedback
3 Closed loop valve, single, 1 proportional valve with 2 solenoids and feedback of spool position
4 Closed loop process, single, 1 proportional valve with 2 solenoids and feedback of process value (position, velocity, pressure,

force, torque etc.)

5 Reserved

6 Closed loop valve and process, double, 1 proportional valve with 2 solenoids and feedback of spool position and additional
feedback of process value (cascaded controller)

7 Reserved

8 Reserved

9 Reserved

10 Controller function without valve, control of 1 process value; provide set value to follow up electronics (e.g. valve with

integrated electronics, frequency converter for AC motor etc.)

11 Controller function without valve, control of 2 process values (cascaded controller, e.g. position and velocity controller);
provide set value to follow up electronics (e.g. valve with integrated electronics, frequency converter for AC motor etc.)

Table 8: Operation modes

DAC-4x(A)-x-LVDT Manual Page 32
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Software block diagrams

5.9

.~SLVDT-1W

Operation Mode 03; ..

5.9.1

1 valve with 2 solenoids and LVDT spool position feedback
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.-SLVDT-1W, E20 == 1

Operation Mode 06 ..

5.9.3

1 valve with 2 solenoids LVDT spool position feedback and U/ | process value feedback
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6 Calibration of LVDT sensor signal

Calibration of the LVDT sensor signal can be made directly at the application. If this is not possible then
please use an alternative structure to simulate the assembly situation.

The controller and cable fracture detection has to be switched off before the calibration.
In order to achieve this set parameters C1.00 = 0 and C1.26 = off.

During calibration the core inside the LVDT has to be placed in the positions relevant for the closed loop
function. This means that the sensor must be manually adjusted to the maximum or minimum deflection. This
determines the working range of the sensor. This can be easily achieved in the open loop function of the
amplifier by utilizing the set point inputs S1.05, S1.06 or the offset parameter C1.06.

A Danger

In this case the valve, axis or pump is working in open loop and an uncontrolled movement can
happen. Make sure to avoid dangerous situations by taking the necessary precaution and safety
measures!

6.1 Preparation

The calibration is performed by using the semi-automatic calibration function built into the HCSTool.
The latest HCSTool can be downloaded from this link:

http://www.h-c-s-gmbh.de/en/download

/AWarning

The electrical wiring must be checked before switching on the supply voltage. Limit switches and
safety devices must be activated to avoid uncontrolled movements. Carefully follow relevant
safety regulations. Suitable emergency stop measures must be taken.

Please connect the DAC-4x(A) amplifier via USB-C connector at the front to a PC using USB
interface cable.

For a proper function of the device the calibration of the LVDT sensor signals is mandatory.
It is also possible to copy an existing calibration into the device.
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After installation of HCSTool

e Turn on the power of the DAC-4x(A) amplifier card

e Start the HCSTool on the PC.

e Read the actual parameter setting from the amplifier card by using the function:
,Upload parameter from device “.

HCS ==
Datei Online Hilfe
@ (D E R [DAC2ALVDT =] [ -] saczezie  HCN
B Parameter MName Wert | Enheit | Beschrebung. [
i+~ Sollwert/Rampe 1 51.01 0.000 v Intemer Sollwert 1fir Zweig 1
-Controller] 51.02 0.000 i Intemer Sollwert 2 fiir Zweig 1
-Controller? 51.03 0.000 v Intemer Sollwert 3 fir Zweig 1

Lo Erwdtert r.o 0.00 s Rampe von 0 - -flr Zweig 1
r1.02 0.00 5 Rampe von - -> 0 fir Zweig 1
r1.03 0.00 5 Rampe von 0 -> = fir Zweig 1
.04 0.00 5 Rampe von + - D fir Zweig 1
C1.00 1 Regleranwahl
c1.02 off Kennlinie
c1.03 1.00 Vv Verstarkung A
C1.04 1.00 Al Verstarkung B
C1.05 1.00 Sollwert Vorzeichen/Verstarkung
C1.06 0.000 v Sollwert Offset
c1.07 0,000 A Totbereichskompensation A
c1.08 0.000 v Tetbereichskompensation B
C1.09 18 Sensortyp FB1 {Achtung! Typ 18..20 benctigt eine Kalibrierung mit C1.35)
c1n 1.00 VA lstwert Gain
cimn 0,000 v Istwert Offset
c11z2 1 Istwert Vorzeichen
C1.13 0,00 VA P-Anteil KF1
C1.14 0.00 5 T-Anteil PT1 {zu C1.16)
C1.15 9,999 v Umschaltschwelle {C1.13 /C1.16)
C1.16 0,00 VA P-Anteil KF2
C1.17 0,000 Wis |-Anteil
C1.18 0,00 Vg D-Anteil
C1.15 0.00 5 T-Anteil fir DT1

Picture 20: Upload parameter from device

e The actual parameter setting is shown automatically after a successful upload.

Also shown is the software version and serial number in the footer of the screen.
I

|Ser.pot: COM3 Version: 21.01° Sealno.: 1000 |Fie: -

Picture 21: Footer

6.2 Sensor selection

The parameter C1.09 / C2.09 offers different LVDT sensor types for different functions to choose from.
Depending on the application, the correct sensor selection must be defined before the adjustment.

Parameter editieren

Parameterdaten
Name C1.09
Besciueibing %ﬁiﬁ'gﬁnﬁ. t(iéﬁhgg;g' Typ 18..20 benctigt eine
Wert [18 = LVDT Sensor -10v ~]
18 = LVDT Sensor +-10V
19 = LVDT Sensor 0..10V
20 = LVDT Sensor 0..10V (keine neg. Rglabw.) . § pbrechen l
Picture 22: LVDT sensor selectionl
Sensor
Type
18 Sensor which generates a signal equivalent to the range of 0 ... + 10 V.
Step In this case three key points must be covered:
1 Key point is the position which reflects an input signal of - 10 V
2 Key point is the position which reflects the 0-position (0 V)
3 Key point is the position which reflects an input signal of + 10 V
19 Sensor which generates a signal equivalent to the range of 0 ... 10V
Step In this case two key points must be covered:
1 Key point is the position which reflects the 0-position (0 V)
2 Key point is the position which reflects an input signal of + 10 V
20 is similar to type 19. Additionally, the controller output is limited to positive values (values =0 V).
DAC-4x(A)-x-LVDT Manual Page 39
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6.3 Storing calibration values from device in a parameter-file

If a sensor has already been calibrated in a similar application, these calibration data can be transferred to
another amplifier card via a saved parameter file.

e The amplifier card with the successful adjustment of the LVDT sensor must be connected with the
PC, start the HCSTool.

e The adjustment values from the LVDT sensor must first be uploaded in the HCSTool.
Perform a parameter “upload from device”
Call the function "Upload parameter from the device" inside of the HCSTool.

BRIy BORG | i ~

1
mumoad parameter from device
Set valmerrommr < Tr

e Then the complete parameter set can be saved in a parameter file on the hard disk or USB stick.
In the saved "dat-parameter-file” the calibration data is included.
HEs HCSTool
File Online Help
New
Open
Save

Save as

Import data
Upgrade to (A) device

Print

Quit

6.4 Copying existing calibration values into a device

If an existing parameter file contains calibration data that you want to transfer to the device with the
uncalibrated sensor.

e Connect the device to the PC via USB port.

o Either you set the correct software version in the HCSTool or you use the “Upload from device
function instead. This will automatically set the correct SW version. The data can only be transferred
if the correct SW version is set in the HCSTool.

e Load the saved "dat-parameter-file” into the HCSTool, via the "open" function.

Hes HCSTool

File Online Help
New
Open
Save

Save as

Import data
Upgrade to (A) device

Print

° Quit

e Open the parameter C1.39/C2.39

Ht§ Semiauto calibration values X

Atiention, for safety reason 1!
l For the whele process, please disable the “closed loop™ Mode, 2 C1.00=0, C200=0 0Or
- drive the value manually by hand
If the calibration process is not proper done, the error "--237 will appear.

.{.:opty

i i ] f Q=
it oy "Ij'r:vr:i:erthe calibration values of sensor C1.0% = 18 to target Value:

Enter to re- or calibration of the feedback sensor

o With the “Start Copy” button the calibration data of the stored “dat-parameter-file” will be transferred
into the connected device.
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6.5 Calibration, example for LVDT channel 1

6.5.1 Sensor type selection and preparation

A Danger

In this case the valve, axis or pump is working in open loop and an uncontrolled movement can
happen. Make sure to avoid dangerous situations by taking the necessary precaution and safety
measures!

e Toinitiate calibration double click on parameter C1.39

HES [C5Toc (|
Datei  Online Hilfe
= == R =r - AR |DAC4(aHLVDT | 2100 | Build 2.0.24.116 “cs
Name Wert | Eirheit | Beschreibung [2]a
i~ Sollwert/Rampe1 C1.00 1 Regleranwahl
~Controller cl.oz off Kennlinie
i--Controller2 cl3 1,00 W Verstarkung A
Erweitert C1.04 100 WA ‘erstarkung B
C1.05 1,00 Sollwert Vorzeichen.\Verstarwung
C1.06 0.000 V Sollwert Offset
c1.07 0,000 W Totbereichskompensation A
C1.08 0,000 W Totbereichskompensation B
C1.09 18 Sensortyp FB1 {Achtung! Typ 18..20 bendtigt eine Kalibrierung mit C1.35)
C1.10 1.00 WV Istwert Gain
c111 0,000 vV Istwert Offset
c112 1 Istwert Vorzeichen
L 0,00 Vi P-Anteil KP1
C114 0.00 s T-Anteil PT1 (zu C1.16)
C1.18 9.959 vV Umechaltschwelle (C1.13 7/ C1.16)
C1.16 0.00 Vi P-Anteil KP2
c1.17 0.000 Wis |-Anteil
cii18 0.00 Vs D-Anteil
c1L19 0.00 s T-Anteil fir DT1
c1.20 1 WA Werstarkung fir C1.13und C1.16}
C1.21 0,000 ' Komparator obere Schwelle
c1z2z 0,000 s Komparator untere Schwelle
Cc1.23 0,00 s Komparator Verzégening ein
C1.24 0,00 3 Komparator Verzogenng aus
C1.25 off Komparatorauswahl
C1.26 off Drahtbruchiberwachung
C1.27 0,000 W Sollwert Hyterese
€133 9,999 W Bearenzung des I-Regler Ausgangswertes fir Zweig 1
C1.36 0,00 W Kormrekturfaktor fir negative Wegaufnehmer £ 100 % _J = ;J
C133 5 Halbautomatische Kalibriening des LVDT We - = J
L1 Lineansienungstabelle fir C1.02=6 v
~Beschreibung —

Picture 23: Initiate calibration

e The parameters
o €1.00/C2.00 = off (open loop)
o (€1.26/C2.26 = off (cable fracture detection deactivated)
Must be selected otherwise an error message will appear asking for correct setting of these

parameters
[ =)
(%4 Thefollowing parameter settings are incorrect
il C1001=0
Picture 24: Error message; e.g. parameter C1.00 is not set to ,0“ (off)
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6.5.2 Example: calibration sensor types 18 (*+ 10 V), step by step

Step1 and step 2 requires going to the end positions of the sensor. E.g. Set point S1.06,51.05 or the offset
parameter C1.06 can be utilized in order to do so (open loop situation!). Which position is used first does not
matter. Is the according position reached then hit the “Start” key

-

HC$ Senzor calibration

=2

i
=)
il

Start

o wl W
i i i
\_1 \_E \_ |

:'"StepE-

t

Attention, for safely reason !!!

Faor the whole process, please disable the “closed loop™ Made |
fe C1.00=0 C2.00=0. Or drive the value manually by hand

If the calibration process is not proper done, the errar ™--23° will appear.

Range Check Side 1 (resets the last calibration results)

Set the valve/pump to end position 1, than press "Start”

Range Check end position 2 {[opposite side)

Set the valvefpump to end position 2, than press "Start”

Calculating factor +10V (B-Side)
Set the valve/pump to end paosition for +10V input, than press

Aokt
Calculating Offset (zero positon)

Set the valve/pump tozero position 0V, than press "Start”

Calculating factor -10V (A-Side)
Set the valve/pumpto end position for -10V input, than press
"Start”

Walue:

Value;

Value:

Value:

Value:

Picture 25: Calibration function; the single steps

After successful range check the steps are highlighted as ,passed” (green check mark)

-

HC8 Sensor calibration

L3
=,

w0
11
=
=

Start

Start

1] ] 1] ]

Attention, for safely reason !!!

For the whole process, please disable the “closed loop™ Made |
fe C1.00=0 C2:00=0. Or drive the value manually by hand

If the calibration process is not proper done, the errar ™--23° will appear.

Range Check Side 1 (resets the last calibration results)

Set the valve/pump to end position 1, than press "Start”

Range Check end position 2 {opposite side)

Set the valve/pump to end position 2, than press "Start”

Calculating factor + 10V (B-Side)
Set the valve/pump to end position for +10V input, than press

i art”
Calculating Offset (zero positon)

Set the valvefpump tozero position 0V, than press "Start”

Calculating factor -10V (A-Side)
Set the valvefpump to end position for -10V input, than press
"Start"

Walue:

Value;

Value:

Value:

Value:

Dooo

Picture 26: Range check successful
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Now the key points must be hit — based on the set point logic:

Step3: Put the sensor in the representing set point + 10 V, then hit the Start-key for acceptance.

Step4: Put the sensor in the representing 0-position for set point 0 V, then hit the Start-key for acceptance.
Step5: Put the sensor in the representing set point - 10 V, then hit the Start-key for acceptance.

r — —y
HCS Sensor calibration b4

Altention, for safety reason !!!

For the whole process, please disable the "closed loop™ Mode ,
! A fe.C1.00~0.C200~ OOrdmeuxaiuerrenowyb,hAM

i the calibrabon process is not proper done, the error “—-23" will sppesr

Step!
Range Check Side 1 Information o —
Start
Set the valve/pump

0 Calibration is successfully completed

Range Check end

Set the valve/pump b

Cakulating factor
Set the valve/pump &
“Start”
Stepd
Calkeulating Offset (zero positon)
\ 0000
Set the valve/pump to zero position 0V, than press "Stant® e
StepS
Calkculating factor -10V (A-Side)
Set the valve/pump to end position for -10V input, than press Valve 0000
“Start”

Picture 27: Successful calibration

After successful adjustment, all steps are marked as "good" (green check mark) and the information window
appears

The sensor types 19, 20 are treated equally. Here Step 5, the adjustment of the negative set point,
is eliminated.

6.6 Cable fracture detection

Cable fracture detection can only work properly if the used range is within the total range of the sensor.
Cable fracture detection is activated by means of parameter C1.26/C2.26.

6.7 Peculiarities with ,,Mirror” function in HCSTool of DAC-4x(A) for LVDT applications

The DAC-4 promotes a so called “Mirror” function in order to save a parameter setting as default.
With “Download Mirror’ or “Upload Mirror” this function can be utilized (see chapter 3 page 3.3 of the DAC-4
manual).

HCS HCSTool
I File Help
@ E Interface [DAC-4-LVDT | [2007  ~]
&-Pe Password e Unit | Description
| Terminal Controller selection
Safety function
] Monitor Linearisation
0 VN  GainA
Upload 0 VN GainB
Download 0 Set value sign/factor
0 Vv Set value offset
Upload Mirror 0 \' Spool overlap compensation A
Download Mirror 0 v Spool oveﬂapr compensation B
Sensor selection FB1

II ] C1.10 1,00 VN Actual value gain
Picture 28: HCSTool screen / “Upload Mirror” or “Download Mirror”
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The following parameters are not included in the “Mirror” function:

e (1.39
C2.39 (only accessible if two LVDT sensors are used )
e Calibration parameters

All other parameters are still stored or read from the “Mirror” memory area. In order to make the user aware of
this fact the following error message will pop up during usage of the “Mirror” function:
Error 1Y

Could not read parameter!

Parameter; 132
Transmitted: gl83
Received:  gl&3 a0183 0005 rammm 000& 0000 0010

L
,

Picture 29: HCSTool screen error message for “Upload Mirror™

A regular “Upload” or “Download” command in HCSTool — either for single parameters or for a
complete parameter list - grants full access to all parameters and calibration values.
Access is only limited for the “Mirror” function itself!

Function to recall default settings by means of DAC-4 keypad:

Step Action Result

] Press all 4 cursor keys at @ @ Recall code is displayed — H H H
the same time @ @

Recall function succesfully Display VErS [ E 5
2 performed '—' '-

Press key “UP” to display

» 1o
3 parameter d1.01 @ Display d1.01 C{ '.U H

Picture 30: “Recall default values” by means of DAC-4 Keypad

When using the “Recall default values” function no LVDT calibration values will be utilized.
During the calibration process, the calibration data currently stored in the device is deleted in
step “Step 1”.

This limitation can be overcome by creating a parameter file and then use the function “Start
Copy” to write existing calibration values into the DAC-4x(A).
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7 Functions

7.1 Output stages

e PWM output stages are used to reduce power losses at higher current output and designed for constant
currents of 3.5 A.

e The pulse frequency is up to 50 kHz

e The output stages are equipped with over-energization and quick de-energization to increase dynamic
response

e Parameter <E03> sets the nominal solenoid current. There are different standard settings available
Further, there is a variable reduction possible with the parameter <E10>.

e With Parameter <E02>, the output can be defined as push-pull output. See next Chapter.

7.1.1 Push — pull / Short circuit, over current and wire break detection <E02>

E02
Push-
Pull
<E02> Description
off Push-Pull function off. Normal operation mode.
1 Push-Pull function is activated. Only applicable for specially designed valves.
4 Push-Pull function off. Wire break detection to the solenoid is activated.
5 Push-Pull function is activated. Wire break detection to the solenoid is activated.

Table 9: <E02> selection

Independent of the setting of <E02>, the short circuits and overload protection between the outputs is always
activated.

If the push-pull function is activated (<E02> = 1 or 5), the solenoid current is divided between both solenoids,
the set point = 0. If the set point value is increasing, the solenoid current of one solenoid is also automatically
increasing, while the solenoid current of the other solenoid is reduced accordingly. The push-pull function
sends an initial current to the solenoid and increases therefore the dynamic response.

®

Error message in case of short circuits, overloads or open circuits is
either “- - 3” or “- - 8”.

o For further information, see the relevant chapter in the manual:
“DAC-4x(A) Manual E Rx_x YYYYMMDD”.
7.1.2 Adjust Parameter <C2.06> for single solenoid valve

If a single solenoid valve is used, it makes sense to set parameter E02 to 1 or 5. The magnet should be
connected to output stage “Solenoid-B”., terminals [30bdz] and [24bdz].

E02==1,5
C2.06
Picture 31: Example of a single solenoid valve ZA
To adjust the center position of the valve, parameter C2.06 can then be used. O o le
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7.1.3 Adjustment of the actual value signal Fb1

Closed-loop control can be switched on or off using the parameter <C1.00>.

Selections 10, 11 and 12 at <C1.09> are for pressure control loops using pressure control valves. In this
instance, the control output is limited to the positive range and therefore controlling only current output on
stage “Solenoid-B”.

Selections 1 to 9 under <C1.09> apply to valves that use sensors with analog output signals such as voltage
or current, or for applications that can generate negative signals as a feedback signal. With these choices, the
controller output current can be output either through stage “Solenoid-B” or through stage “Solenoid-A”.
Depending on whether the difference between the actual value and the setpoint is positive or negative.

To ensure utmost safety and best possible reproduction in a user-friendly way, all settings and adjustments
are done digitally, supported by the hardware. Through combination of hardware and software functions for
the actual value adjustment guarantees highest resolution and precision. Therefore, the advantages to a
system with analog adjustment using potentiometers are quite obvious.

Detailed adjustment description:

/\ CAUTION

Activate the “enable” signal.
If <C1.09> =10, 11 or 12, <d1.11> will not show any negative values

Step Adjustment

1. Zero-point adjustment / general case

1.1 place the output signal of the sensor in its zero position
1.2 set HCSTool monitor function to <d1.11>

1.3 save the inverted <d1.11< value in parameter <C1.11>
1.4 check <d1.11> again, repeat step 1.2 and 1.3 if necessary

2. Zero-point adjustment / valves with spool position feedback

21 set initial current by <E11> = <E12> = 200 mA (centering the valve)

2.2 deactivate controller <C1.00> =0

2.3 switch on enable and leave solenoid plug connected

2.4 repeat steps 1.2 to 1.4 according to “1. Zero-point adjustment / general case”

Amplifier adjustment

2.5 set the system to achieve a maximum actual value
2.6 check <d1.11> display

2.7 adjust amplifying with <C1.10<

2.8 check <d1.11> result

2.9 repeat steps 2.7 and 2.8 if necessary

Table 10: Feedback signal adjustment

To invert the actual value signal, use parameter <C1.12>. If necessary, invert the set point signal
with <C1.05> to determine and correct the controller direction.
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8 Inputs, outputs and messages

8.1 Status LED's
pw @ Power LED, device is powered by external supply or USB interface.

ER @ Error LED, lights up when an error occurs.
EN Enable LED, lights up when the signal at terminal [8d] is applied.

8.2 Digital inputs

All inputs are electrically isolated through opto-coupler.
If no electrical isolation is required the following terminals must be bridged:
[2d] to [26d] and [32Z] to [32bd].
The status is displayed with the LED «Dout_1» (only available in the monitor function of HCSTool.
RPO 101 102 103 (RPOY lights up, when signal at terminal [18z] is applied.
«lO1»«102»«1O3» signal at terminal [2b], [4b], [6b] is applied.

«SP1»«SP2» «SP3» digital set value signal at terminal [8z], [4d], [6d]

is applied. (In this hardware version the input SP4 is reserved for the second
LVDT)

SP1 SP2 SP3 SP4

reserved for the second LVDT. For the selection of a digital set value no extra selection of the sign

@ In this DAC-4x(A) hardware version the inputs SP4, the direction sign+/- of the digital set value, are
is needed. The parameter S1.01...51.03 can be defined with bipolar values.

o For further information, see the relevant chapter in the manual:
“DAC-4x(A) Manual E Rx_x YYYYMMDD”.

8.2.1 Enable

After the enable signal has been applied to terminal [18z], the LED « EN» lights up in yellow. If a time delay

had been set in parameter E9, LED « EN» flashes yellow for the period of the delay. Once the time delay
elapses, the flashing signal becomes a continuous signal and the output stages are enabled.

Without the enable signal applied, the output stages are locked on the hardware side.

The setpoint inputs are also ignored without an active enable signal.

8.2.2 Reset ramp (ramp = 0)

A high signal at the reset ramp input = 0 [18z] deactivates the ramp function generator immediately and the

set points are ineffective. This is shown with the LED « RPO». Once the signal is switched off, the ramp
function generator starts again from zero. The pre-set time constant of the parameters r1.01 to r1.04 or
r2.01to r2.04 is then used.

8.2.3 Programmable set points,

3 LEDs indicate the selected set points (SP1 for S1.01; SP2 for S1.02; SP3 for S1.03;)
An additional direction setting for the digital setpoints is not available. The digital set points are defined
bipolar.

The LED’s «+» and «-» are used to show the polarity signs of all measured values and parameters.

8.3 Digital outputs

Output error [14d], comparator [14b] and break [20b] are electrically isolated by optocouplers. The outputs are
short circuit protected, except for the break output.

If no electrical isolation is required the following terminals must be bridged:

[2d] to [26d] and [32Z] to [32bd].

All fault messages as well as the status of the comparator can be monitored with the software HCSTool.

8.3.1 Comparator output

The output is short circuit protected and can drive noninductive loads until 50 mA.
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For special function of the output as comparator output refer to

o For further information, see the relevant chapter in the manual:
“DAC-4x(A) Manual E Rx_x YYYYMMDD”.

8.3.2 Fault (error)

The output is short circuit protected and can drive noninductive loads until 50 mA.
If an internal error is detected, e.g., an overcurrent or wire break, the signal at the “Error” output terminal [14d]

is setto 0 V. The «kER» LED lights up red. This will remain until the cause of the error is resolved and the
error is reset by disabling/enabling the card. For possible errors refer to

See o Chapter "8.8 Display and error messages", page 48

8.3.3 Break output

The output Break is also isolated from the main supply. The output is able to directly activate and deactivate
an inductive load of 1 A/ 24 V.

E.g., this allows to directly control a valve.

The break Output is designed as open drain and available at terminal [20b], the associated ground signal is at
terminal [2d].

Care must be taken to ensure that the supply voltage supplied via terminal [32z] can supply the connected
load.

@ The output itself is not short circuit protected!

8.4 Test jacks

The sockets “A” and “B” can be used to measure the solenoid currents independently. The voltage is
approximately 1 V at 1 A. The analog set point “S1.06” can be measured at the socket “SET”. The
representation is 1:1 proportional to the measured value (half the set point voltage). At the socket “FB1” the
analog actual value of the feedback (d1.11) can be measured. The reading is proportional to the actual value
signal and also has the relation of 1:1.

At the monitor socket “MON?”, all display parameters are accessible in the form of an analog voltage being
between 0 £10 V.

8.5 Analog inputs

All analog inputs S1.05, S1.06, S1.07, Fb1, Fb2 can be used either as voltage or current inputs. If the input is
defined as a current input, the measuring resistor of 255 ohms is automatically activated. If cable break
monitoring is also active, undercurrent is also monitored. The corresponding error is triggered when the
current falls below approx. 2 mA. The input is also protected against overload. When the input current
exceeds the limit of approximately 23 mA, the input will automatically shut down to protect the hardware. In
addition, an error is triggered and the corresponding error message is generated.

8.6 Analog outputs
Two analog outputs are available. One “AOUT” at the terminal [10b] another one at the test jack “MON”. The
analog output at [10b] can be a voltage or current output defined by parameter.

o For further information, see the relevant chapter in the manual:
“DAC-4x(A) Manual E Rx_x YYYYMMDD”.

8.7 Reference *10V output

Integrated reference voltage supply of + 10 V terminal [20z] and -10V terminal [20d] (10 mA max.), to supply
set point potentiometer or actual value transductor. The output is independent from the enable signal of the
card.

8.8 Display and error messages

If an error occurs, it is displayed in the 7-segment display and in the HCSTool.
Defined error and other messages:
[ Error number | Description of error/message |
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1 Error of operation

2 Wire break sensor 1 (Fb1)

3 Excess current or short circuit at the output stages
4 Wire break sensor 2 (FB2)

5 Wire break or over voltage at set value input S1.05
6

7

8

Wire break or over voltage at set value input S1.06
Wire break or over voltage at set value input S1.07
Wire break at the output stages

10 Profibus timeout (E23) occurred

11 Negative or overload current >22mA sensor 1 (Fb1)
12 Negative or overload current >22mA sensor 2 (Fb2)
15 Negative or overload current >22mA at input S1.05
16 Negative or overload current >22mA at input S1.06
17 Negative or overload current >22mA at input S1.07
23 Calibration error (semi calibration error without success)
26 Communication error with the LVDT daughter card.
27 Communication error with the LVDT daughter card.
28 Wire break detected at the LVDT sensor (FB1)

29 Wire break detected at the LVDT sensor (FB2)

Table 11: List of error messages

rw@
eR@ +
EN -

Figure 32 : Example of Error message at the 7-segment display
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9 Detailed electrical data
(For applications outside these parameters, please consult us!)

Supply voltage nom. 24V=

Min 12 V=-10 %
Max 24V= +20 %
Residual ripple < 10 %

Power consumption.

VA

VA

4, solenoid not energized
43, one solenoid energized with 3.5 A
82, both solenoids energized with 3.5 A

Solenoid output

lout
PWM frequency

Cycle time current controller

Rectangular voltage, pulse-modulated, with over-energization
and quick de-energization

Output stages are locked on the hardware side

Imax = 4.5 A

22 kHz

45 ps

Analog input

Voltage is selected

Current is selected

over current protection

Unax = +28 V

Unin = -15V

Typ. Rin = 200 kQ
Typ. Rin = 333 kQ
Typ. Rn = 5 MQ

Differential input S6
Input S5, S7
Input Fb1, Fb2

Typ. Rn=255Q
Typ. > 23 mA

All inputs

Digital input

Supply 10 V
Supply 24 V
Low level
High level

Umax = +28 V
Typ. lin = 0.8 mA
Typ. lin = 2.2 mA
Un<3V
Un>6V

Digital Output

Error, Comparator
Supply 24 V

Supply 12V

Break
Supply 24 V
Supply 12V

Protected at loymax typ. 40 mA
Typ. Uowt > 18 V @lowt 2 MA
Typ. Uout > 15V @lout 10 MA,
Protected at loymax typ- 20 mA
Typ. Uowt > 8V @lowt 2 MA
Typ. Uout > 5V @louwt 10 MA,

Ioutmax <1A
Ioutmax < 1 A

Analog output

Voltage is selected

Current is selected

-10V ... 10V, tol. £0.020 V
The voltage output is locked on the hardware side
4 mA ... +20 mA, tol. £0.020 mA

Reference Output

+10V, tol. £0.1V
-10V, tol. £0.1 V
max. load 10 mA

Control loop

Cycle time

100 ps
For all PIDT1 or Dff controller

Table 12: List of error messages
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10 USB-C interface

10.1  General
Remote operation or remote parameter adjustment may be executed through the USB-C interface.

With the use of the program HCSTool, all the parameters may be manipulated. It enables the editing,
download and upload parameters and sets of parameters and also has a wide range of other functions. The
parameters of the amplifier card can be changed by a superior control (e.g. PLC) with a defined protocol. This
way, the amplifier card can be inserted into the machine process in automated systems. For further
information about the program HCSTool and the protocol please contact the manufacturer.

/\ CAUTION

Any change of parameters with the USB-C interface should be carried out by trained
personnel only. If possible, the drive must be stopped during parameter changes.
Deactivation of the enable signal is recommended.

10.2  Physical interface data
The connection cable must the following conditions:

e USB-C connector on the DAC-4x(A) side
e Depending on the PC the other side of the cable has to be selected (USB-A; USB-B or USB-C)

10.3 Downloading HCSTool
Please follow this link in order to download the most recent version of HCSTool free of charge:

http://www.h-c-s-gmbh.de/en/download

10.4 Using HCSTool

HCSTool

£ OHCN lilllllh

Figure 33 : HCSTool start screen
After starting HCSTool the program can either be used “offline” (without having a unit connected) or “online”
in direct operation with a card.

After connection of the card with the USB-C interface it is the best to select the “Upload parameter from
device” button to establish communication between the HCSTool and the unit. In this case the software and
card version are automatically detected.
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Example of HCSTool main screen (DAC-4x(A)-03 with software version V1.12).

HES HCSTool — m} *
File Online Help
@ = BT E RE | BE - IDAC#A’ —:J 11‘12- —-'—] Buikd 2.0.23.518 "cs
(=) Parameter Name _ Value Unit Description 2 |
-~ Set value/Ramp1 | C1.00 1 Controller selection
cim off Safety function
‘.. Extended c1.02 off Lingarization
c1.03 1.00 VAV Gain A
cin4 1.00 v Gain B
C1.06 1,00 Set value sign/factor
(99K ) 0.000 W Set value offset
C1.07 0,000 W Spool overap compensation A
c1.08 0.000 v Spool overlap compensation B
C1.09 4 Sensor selection FB1 (Attention! Type 21..26 requires calibration with C1.39. Last calibrate...
c110 1,00 VA Actual value gain
cin 0.000 v Actual value offset
£1.12 1 Actual value sign
c1a3 000 VAV P-Portion KP1
Ci14 0,00 s T-Partion PT1 {with C1.16)
CE 1o 9,959 v Threshald {C1.13t0 C1.16)
Clie 0.00 v P-Partion KP2
C17 0,000 Vis IPortion
c118 0.00 Vs D-Partion
C1.19 0,00 s T-Partion for DT1
c120 1 VA Gain for C1.13and C1.16)
121 0.000 W Comparator upper level
ci122 0,000 \i Comparator lower level
C1.23 0.00 s Comparator delay into window
C1.24 0.00 5 Comparator delay out of window
£1.25 off Comparator selection
€126 off Cable fracture detection
c127 0,000 N Command signal hysteresis
C1.33 9.999 W |-Portion output value limitation Joop 1)
C1.36 0.00 Vv Sensor signal comection factor for values < D {related to C1.10)
€137 0.000 v Spool overap compensation A
€138 0,000 v Spool overap compensation B
L1 table of linearization for C1.02 =6
€139 1] Semi-automatic calibration of the FB1 sensor
C1.40 (i} Stored data of sensor type of the semi-sutomatic calibration
ws | = p——— .|
—Description T
Ser. port: COM4 Version: 1,12 |Setial no.: 1000 \File: -

Figure 34 : HCSTool working area screen

Each parameter can be edited individually and either directly changed in the card (selecting download) or
only in the PC list (OK). In the latter case the parameter will be highlighted. Finally, all changed parameters
can be downloaded.

Example for editing of parameter C1.05:

i~ Parameter data

M ame C1.05
Description Set value sign/factor
Value 400 .., 400

=1 Download | ak Cancel |

Figure 35 : HCSTool Parameter editing

In order to get information about internal values the display parameters can be used. For this purpose, the
“Monitor” function must be activated (“Monitoring internal values).

Remark: The monitor also will display error codes and status of digital inputs.

For further information about HCSTool please contact the manufacturer or any of our distributors and
partners.
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11 Declaration of Conformity

EC Declaration of Conformity in accordance with
EMC Directive 2014/30/EU

HCS Hydraulic Control Systems GmbH
Neuffener Str. 29
D-72636 Frickenhausen

Hereby declares that the product described as follows complies in terms of its design, as well as in
the version placed in the stream of commerce by us, with the relevant requirements of the directive.
This declaration is void in the event of any change to the product without our written agreement.

Product: Digital Amplifier and Controller Card
Intended use Automation systems (industrial applications)
Model: DAC-4x(A)-x

Rated voltage: 24V DC; SELV, PELV

Rated power: max. 100 VA

Protection class: 1l
Protection degree: IPOO (IP20 on request)
Relevant EU Directive: EMC Directive 2014/30/EU
Applicable EU Standards:
Emissions: EN 61000-6-4:2007 + A1:2011;
EN 61000-6-3:2007 + A1:2011
Immunity: EN 61000-6-2: 2019

Date/manufacturers signature

15.01.2024 % &

Details of signatory: Dipl.-Ing. (FH) Peter Deuschle (General Manager)

Figure 36 : Declaration of conformity

-End -
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