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Abstract

Parabolic Trough Collector (PTC) power plants collect the sun’s energy as heat. The heat
can be stored and used to produce electrical energy or process heat. PTCs are the widest
spread Concentrated Solar Power (CSP) technology. Elementary components in PTC power
plants are Rotation and Expansion Performing Assemblies (REPAs). These REPAs serve to
establish a connection between the expanding and rotating Heat Collection Element (HCE)
and the rigid tubing system. Since REPAs are elements that are subjected to high stress
levels a test rig is built, allowing investigation on durability and REPA failure. The task to
perform realistic durability tests in an accelerated manner, leads to special requirements on
the motions executed by the test rig. The present bachelor thesis describes the development
of the motion control system for the REPA test rig. To provide a better understanding of the
context a brief overview of CSP, PTC and REPA technologies is given. Subsequently, know-
ing the requirements, the design of the test rig is presented. In the main part of the thesis the
arrangement of the motion control, its integration in the Supervisory Control and Data Acqui-
sition (SCADA) system, as well as the chosen hardware is discussed. Further on, the pro-
grammed functions and the specifications of the motion control system are described. The
development process led to a system enabling the test rig to reproduce a translational mo-
tion in a 45° range and a rotational motion between -120° and +90°. Whereby these motions
are produced using cylinders, which are controlled by a hydraulic unit. To control the speed
of the motion and enable the execution of 0.25° steps in the rotation axis a Variable Speed
Drive (VFD) and a servo motor with servo controller are driving two separated hydraulic
pumps. The motion functions, implemented on a SIMATIC S7-300 Programmable Logic
Controller (PLC), enable the above described motions as well as a positioning at position set
points. The correct function of the developed system is not yet verified. A discussion of the
influence of the PLC cycle time and a comparison with an existing PTC system is carried
out. Ultimately a summary of the motion control parameters and specifications are given.
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Terminology and abbreviations

The following terminology and units are used throughout this report:

Abbreviations
puP Microprocessor
ABS Absolute
ADC Analog-to-Digital Converter
Al Analog Input
AO Analog Output
BJA Ball Joint Assemblies
CA Critical Angle
CAD Computer-Aided Design
CIEMAT  Centro de Investigaciones Energéticas, Medioambientales y Tecnoldgicas
CPU Central Processing Unit
CSP Concentrated Solar Power
DAC Digital-to-Analog Converter
DB Data Block
DI Digital Input
DIFF Differential
DNI Direct Normal Irradiation
DLR German Aerospace Center /
Deutsche Zentrum fur Luft- und Raumfahrt e. V.
DO Digital Output
ERR Error
ESD Emergency Shut Down
FC Function
FFPROM Electrically Erasable Programmable Read-Only Memory
GUI Graphical User Interface
HCE Heat Collecting Element
HL High Limit
HMI Human machine interface
HTF Heat Transfer Fluid
LAN Local-Area Network
LD Ladder Diagram
LL Low Limit
LSB Least Significant Bit
LV LabView
OPC Open Platform Communications
(OK) Operating System
PC Personal Computer
PLC Programmable Logic Controller
POS Position
PRE Pressure
PTC Parabolic Trough Collector
RAM Random Access Memory
REPA Rotation and Expansion Performing Assembly
RFHA Rotary Flex Hose Assemblies
ROT/rot  Rotation
RTD Resistance Temperature Detector
RTOS Real-time operating system
SP Set Point
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STL Statement List
SW Switch
T Temperature
TRA/tra  Translation
UPS Uninterruptible Power Supply
VFD Variable-frequency Drive

Symbols:
) Rotation angle phi
2] Translation angle theta
R Resolution
Change / difference
A Maximum change of the rotation angle ¢ within one program cycle
w Angular velocity
u Tolerance
T Cycle time
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1 Introduction

Due to increasing energy demands and climate change, alternatives to conventional fossil
energy sources are needed.

Carbon dioxide emissions can be reduce by further enlargement of renewables and re-
placement of fossil energy sources, which is necessary to slow down the climate change.
[IPCC] [1]

The usage of solar energy has an especially high potential in areas of high sun irradiation
and can significantly contribute to electrical power supply [2].

A major advantage of solar thermal power plants, compared to most other options of renew-
able power generation, is the possibility to store thermal energy and therefore to supply dis-
patch capacities.

Most of such thermal power plants use concentrated solar power (CSP) technology. Due to
the concentration process these technologies have their best potential in areas with a high
direct solar irradiation [2]. Figure 1 shows the average worldwide DNI.

© 2016 Solargis

Long-torm ,2"NUa1SUM < 400600 _800_ 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 >
Aot [ B D KWhim?
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Figure 1: Average worldwide annual and daily DNI on a horizontal plane [3]
1.1 Concentrated solar power

Concentrated Solar Power (CSP) plants collect the sun’s energy as heat, store that heat if
needed, and finally transport it to a power block in which the heat is transformed to electricity
by a steam or a gas turbine.

To increase temperature and efficiency, CSP technology uses large mirrors to concentrate
sunlight onto a small receiver (solar towers or solar parabolic dishes) or onto long receiver
pipes (linear Fresnel collectors or parabolic troughs).
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1.2  Parabolic trough

The parabolic trough collectors (PTCs) are the widest spread commercial CSP technology at
the moment. The fundamental elements of parabolic trough collectors are parabolic shaped
mirrors and an absorber tube, also called Heat Collecting Element (HCE), where the HCE is
located in the focal point of the reflectors.

For most commercial applications, the longitudinal axis of the structure follows a north south
orientation. In order to follow the sun’s movement, a one axis tracking system, moving in
east-west direction is used. This constellation leads usually to a higher annual average.
Nevertheless, for investigation purpose or for locations of higher latitude, an east west
alignment of the structure in combination with a south —north or even a two axis tacking sys-
tem might be more suitable. The schematic drawing in Figure 2 demonstrates the principle of
a parabolic trough collector system.

Figure 2: Scheme of parabolic trough [4]

A Heat Transfer Fluid (HTF) is pumped through the absorber tube. Typically HTFs are ther-
mal oils which can be can be heated to temperatures of up to 400 °C (state of art, upcoming
silicon oils allow temperatures of up to 450 °C). At a heat exchanger, the heat is transferred
to either a Thermal Energy Storage (TES), water or steam. The steam drives a generator to
produce electricity or can be used as process energy. Figure 3 shows a photo of four “Euro
Trough” solar collector elements at the PSA [5].

Figure 3: “EuroTrough® solar collector elements [5]

22.12.2016 Page 9


https://upload.wikimedia.org/wikipedia/commons/f/f5/DLR_Logo.svg
http://www.heliotrough.com/history.html#url

hochschule mannheim é
DLR

1.2.1 Tracking methods

Good sun tracking is essential to obtain high efficiency and can be achieved by the use of
different methods and technologies. Generalizing, it can be said that there are two main
methods: astronomical and optical tracking systems. The astronomical tracking is an open
loop system based on exact location- and alignment data of the PTC. By astronomical data
the position of the sun at each time is known. With the help of algorithms the needed collec-
tor orientation, to obtain an optimum focus at the HCE, can be determined. Finally the PTC
is moved to the position via a motion control system consisting of a hydraulic drive and a
position sensor. In contrast, optical tracking systems use sun sensors to measure the differ-
ence between the actual position and the optimal position to center the HCE within the fo-
cus. Such a sun sensor is shown in Figure 4. The optimum orientation is achieved by a
closed loop control. Even though using a sun sensor, it would not be necessary to know the
current position of the collector to achieve an optimum orientation the position value is still
needed to guarantee the function of the hydraulic drive. Hence, inclinometers (as shown in
appendix 14.13) are commonly used for commercial PTC applications. Furthermore there
are tracking systems that use a combination of both, astronomical and optical tracking sys-
tems. [6]

Figure 4: Sun sensor on PTC [7]

1.2.2 Solar field design

The series connection of multiple Solar Collector Elements (SCE) forms a Solar Collector
Assembly (SCA) as it can be seen in Figure 5. The pylons serve to support the axes.

concrete foundation SCE drive pylon pylon

i
R A A

Figure 5: Scheme of solar collector assembly [8]

-«
=
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In commercial parabolic trough power plants, multiple serially connected SCAs form a collec-
tor loop. Figure 6 shows a schematic illustration of a collector loop and its connection to the
so-called header piping.

other loops
A
IIIIII\\I\\\\\\I\\IIIIIIIIIIIII\IIIII\\\\\\I\\II:,\_
hot cold
header header
pipe pipe
SCA
v
power block

Figure 6: Scheme of collector loop [8]

Figure 7: Noor 1 PTC power plant in Morocco [9]

Figure 7 shows several parabolic troughs at the Noor 1 PTC power plant in Morocco’s Ouar-
zazate province. The plant was connected to the Grid in February 2016 [10].

Except of the heat source, the principal function of a PTC power plant is similar to conven-
tional power plants. By the use of molten salt, heat can be stored at high temperatures. This
allows a full-time operation of the power plant, both in times of low radiation and during the
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night. Heat storage also allows adjusting the electric power generation and outputting ac-
cording to an order, also called “dispatchability”. This leads to a major benefit of PTC power
plants with TES, making them an interesting technology on the renewable energy market.

Figure 8 shows the three PTC power plants Andasol 1-3, situated in the province of Grana-
da, Spain. Each of the power plants disposes of an electrical power of 50 MW and thermal
energy storage [11].

Figure 8: Arial view of Andasol 1-3 PTC power plants [12]

A more detailed view on concentrated solar power technology and parabolic through power
plants is given in “Chapter 2 — Fundamentals” of the preceded Master thesis “Design of a
Test Rig and its Testing Methods for Rotation and Expansion Performing Assemblies in Par-
abolic Trough Collector Power Plants” by Andreas Plumpe [8].

1.3 REPAs

In order to focus the reflected and concentrated sunlight on the absorber tube the parabolic
reflectors must move, therefore usually a one-axes tracking system is used. In common ap-
plications the collector axis of rotation is not aligned with the focal line, accompanying the
linear, thermal expansion of the heat collecting element has to be compensated. In order to
establish a connection between the rotating and expanding HCE and the rigid tubing system,
so-called Rotation and Expansion Performing Assemblies (REPAS) are used.

Nowadays there are two competing technologies, so-called Ball Joint Assemblies (BJAS)
and Rotary Flex Hose Assemblies (RFHAS). As well as BJAs, RFHAs are insulated to re-
duce heat losses.

A ball joint assembly consists of three ball joints which compensate for both, rotation and
expansion of the solar collector assembly. A ball joint assembly without its insulation can be
seen in Figure 9.
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ball joints
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& -~ fixed pipe

Figure 9: Ball joint assembly (without thermal insulation)

Rotary flex hose assemblies compensate the main part of the rotary motion by the use of a
swivel joint. The so-called torque sword serves to establish a connection between the rota-
tion axis of the SCA and the swivel joint. A corrugated metal hose provides the additionally
needed flexibility to compensate the thermal expansion. Figure 10 shows such an RFHA.

thermal expansion

corrugated metal hose

with insulation \

torque sword

swivel joint

N : f 2
j rotation N
p—

L
=~

Figure 10: Rotary flex hose assembly
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1.4  Motivation for a REPA test rig

In a typical solar field with exemplary 120 Collector-loops, 960 REPAs are installed. The
investment sum of this flexible joint assemblies amounts to about one million Euros. [13]
REPAs are exposed to high pressures and temperatures, repeated motion, mechanical
stress and concentrated sunlight and therefore being highly stressed elements.

A failure of these assemblies leads not only to cost-intensive shot down of the entire affected
PTC loop but can also, depending on the used HTF, lead to dangerous situations such as
fire and discharge of harmful substances.

A reliable long-term function of these devices is essential for a safe and failure-free opera-
tion of the power plant. With the present described test rig, investigations on endurance, life
expectancy and failure mechanisms will be executed.

1.5 Plataforma Solar de Almeria and German Aerospace Center

The “Plataforma Solar de Almeria” is a solar energy investigation center owned and operat-
ed by CIEMAT (Centro de Investigaciones Energéticas, Medioambientales y Tecnolégicas).
It was found in the early 1980s and is located in the desert of Tabernas in the Spanish prov-
ince of Almeria. Solar thermal power components are tested under real exposure conditions
on an area of over 100 hectares. [14]

The DLR Institute of Solar Research, played a major role in the construction of the PSA in
the early 80s and has been making use of the facility ever since. A permanent delegation of
scientists, engineers and several students conduct solar technology testing and develop-
ment work for the DLR. Figure 11 displays an aerial view of the PSA.

Figure 11: Aerial view of PSA [14]

The present thesis was written at the qualification department of the Institute of Solar Re-
search, member of the German Aerospace Center (DLR).

The qualification department develops measurement techniques which can be used to study
and evaluate the key elements of CSP technologies. Hence investigations on individual
components and collector systems, their interplay in the system of a power plant, the mete-
orological conditions and their impact on the system are executed. Furthermore the depart-
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ment evaluates the system performance of collectors and solar fields and develops guide-
lines and standards for testing procedures and quality criteria.

With these measures, possible improvements can be identified and applied to achieve more
efficient and cost-effective concentrated solar power technologies.

The REPA project is executed in close collaboration with CIEMAT. Employees of both insti-
tutes are working hand in hand together from the design of the test rig to its commissioning
and future test application of REPAs at the test rig.

1.6 Demarcation

1.6.1 State of previous work

In the preceded Master thesis ,Design of a Test Rig and its Testing Methods for Rotation
and Expansion Performing Assemblies in Parabolic Trough Collector Power Plants” [8] “,
inter alia, the requirements of a REPA test rig were determined and a design was developed.
A concept for the power supply and electronic control was framed. This concept was repre-
sented in form of a circuit diagram and an electric cabinet arrangement.

1.6.2 Present work

This bachelor thesis was executed during a three months stay at PSA accompanied by a
previous three months internship.

Key activity of the present work is the development of the motion control of the externally
designed kinematics unit. This includes the extensive revision of the initial electrical and
electronical concept, the design of a SCADA system concept, the development of the PLC
code as well as the integration and configuration of sensors and other control hardware.

2 Description of the REPA test rig

The purpose of the test rig is to enable an accelerated, yet realistic, durability test of two
serial connected REPAs. Therefore it facilitates the accelerated reproduction of tempera-
tures, pressures, mass flows and mechanical movements through continuous tests accord-
ing to the cyclic stresses and strains occurring in a solar field.

Therefore the kinematic movement of parabolic troughs, resulting in translation and rotation,
is reproduced. Furthermore a HTF circuit generates operating temperatures — and pres-
sures.

As well as tests with Rotary Flex Hose Assemblies (RFHAS) tests with Ball Joint Assemblies
(BJASs) are possible. The tests may be conducted with different heat transfer fluids. Addition-
ally to the operating parameters, the mechanical load of the REPAs like breakaway torques
are measured and recorded by installed dynamometers. The six channel dynamometer
measures each torque and force in three dimensions.

Further application conditions, as a malposition of the swivel joints, can be represented if
needed. By this typical damage scenarios can be investigated.
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2.1 Design of the test rig

The test rig is subdivided into a kinematics unit and a HTF unit. These two units are con-
nected by the HTF flow- and return pipe but build within two different chambers, displayed in
Figure 12 and Figure 13.

To monitor and control the kinematics unit and the HTF unit a Supervisory Control

and Data Acquisition (SCADA) system is introduced. The SCADA system is divided into var-
ious main areas, further described in chapter 9.

Figure 13: Picture of REPA test rig
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2.2  HTF unit

The HTF unit heats and circulates the heat transfer fluid through the kinematics unit piping at
temperatures up to a maximum of 450° C, pressures up to maximum 40 bar and volume flow
rates in the range from about 5 to 60 m*/h.

Most common, state of art HTFs allow an operating temperature of 400°. New silicon based
HTFs are currently tested. These silicon oils will allow an operating temperature of up to 450
°C. The test rig is designed to operate with these new HTFs as well. So the influence on
REPAS as well as the general behavior of state of the art and upcoming HTFs can be inves-
tigated realistically.

2.3 Kinematic unit

2.3.1 Brief overview of the kinematics unit

The kinematics unit includes two REPAs orientated in the same direction and installed with
the identical positioning. This allows for comparison of measurement results between both
installed REPAs. The kinematics unit serves to reproduce the rotation- and expansion mo-
tion of the simulated collector in an accelerated sequence. Consequently the mechanical
mountings and geometries can be adjusted. The kinematics unit core is an “Euro-Trough
Drive pylon” with a modified hydraulic system moving two swiveling arms which serve to
generate the rotational movement. The rotational movement is driven by two cylinders; the
mechanical layout is presented in Appendix 14.5. To reproduce translational movement rep-
resenting thermal expansion, an additional assembly, driven by two hydraulic cylinders is
mounted. The kinematics unit was designed by “IW Maschinenbau GmbH” after the re-
quirements presented by DLR. A more detailed view on the kinematics unit is given in [8].
Figure 14 illustrates the kinematics unit.

travers e R e et -

support intake

swivel joint
drive H

swivel joint
support

drive pylon

frame

|

ﬁ%"—?ii

base frame

Figure 14: Technical drawing of the kinematics unit
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2.3.2 Motions and measurements of the kinematics unit

The kinematics unit was designed to be able to move from 0° to + 45° in the translational
axis and from -120° to +90° in the rotation axis, illustrated in Figure 15.

rotation

max.

— — — - translation axis
+90° /

— — — — rotation axis

5000 mm

Figure 15: CAD model of kinematics Unit

A magnetic scale sensor was chosen as the measurement system for the rotational position
(sensor choice discussed in 8.3). A rotary encoder determines the translation position.

For both, rotation- and translation movement, in sum four, additional end position sensors
are installed. These limit switches are represented by a switch flag and an inductive sensor
and prevent a motion exceeding the limits of the mechanical structure. The additional meas-
ure provides a redundancy, which is necessary to avoid damage on the kinematic structure
in case of measurement failure. In chapter 8 further details, on the implementation and types
of sensor, are given.

2.4  Hydraulic unit

The hydraulic unit drives the kinematics unit. It contains motors, pumps and valves actuating
the hydraulic cylinders and therefore enables the kinematics unit to move. It consists of the
hydraulic control unit and external elements. The most hydraulic parts covering control and
hydraulic logic functions are summarized by the hydraulic control unit. The hydraulic unit was
designed externally by Weber Hydraulik, LOG Hydraulik GmbH. in Figure 16 a photo of the
hydraulic unit is presented.
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Figure 16: Hydraulic control unit

The core elements of the hydraulic unit are the following:

Rotation:
e Servo motor (M1, driven by servo controller 6SC1) driving gear pump (ELI2-D-7,0-TO-
D-N)

e 4/3-control valves
o Y1 & Y2 actuating cylinder rot.east
o Y3 & Y4 actuating cylinder rot.west
Translation:
e Induction motor (M2, driven by VFD 7FC1) driving gear pump (ELI2-D-7,0-TO-D-N)
e 4/3-control valves
o Y5 & Y6 actuating cylinders tran.south and tran.north

Furthermore, additional elements such as a cooling system, relief valves, load retaining
valve blocks, load holding valves as well as pressure, temperature and oil level monitoring
sensors ensure the correct function of the unit. Since flexible hydraulic hoses interact as a
low pass-filter, their use is avoided. Instead stiff tubes are installed to connect the hydraulic
control unit with the cylinders. The use of flexible tubes is reduced to a minimum and only
inserted where they are implicit needed.

A hydraulic diagram is shown under Appendix 14.2 Hydraulic unit circuit diagram.

The core elements of the hydraulic unit are shown in the simplified schematically sketch of
the hydraulic unit Figure 17.
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Figure 17: Simplified schematically sketch of the hydraulic unit

3 SCADA system

The term Supervisory Control and Data Acquisition (SCADA) stands for a computer system
monitoring and controlling a technical process. It serves to monitor and control the test rig.
Figure 18 displays a sketch of the SCADA system with a focus on its components. On the
highest levels stands the Graphical User Interface (GUI) implemented by the software Lab-
VIEW running on a computer. LabVIEW also serves as a platform to gather data coming
from the Programmable Logic Controller (PLC) and additional filed devices such as the dy-
namometer or the monitoring cameras. The Open Platform Communications -server (OPC-
server) serves as an interface between the PLC and LabVIEW. As OPC- server the software
KEPservereEX of the manufacturer Kepware will be used. Most field devices, sensors and
actuators, such as motors, valves, electrical equipment, position and temperature sensors,
variable frequency drives and others are connected to the PLC via Input-/Output modules
(/O modules).

The different components are explained in more details in the following chapters of the pre-
sent thesis.

GUI
Y
- Computer
Ethernet
ort [>T Soe':vi'r L | abVIEW
—
AO/AlI/ DO/
DI / Field bus ...
Ethemet
@ D VFD Dynamometer Monltoring
. camaras

Sensors & actuators

Figure 18: Sketch of SCADA system components
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The SCADA system of the present test rig was divided into five main areas (observe system
/ check status, operate HTF cycle, operate kinematics unit, data acquisition and human-
machine interface (HMI). It’s tasks where distributed across the corresponding areas, more-
over the responsibilities were assigned to the SCADA subsystems: LabVIEW (LV), PLC and
OPC-server.

By Figure 19 an overview of the SCADA main areas and it’s tasks is presented, the respon-
sible subsystems are noted within square brackets ([responsible subsystem]). For the project
this is documented in form of an outline with detailed descriptions. An extract of this outline
for the operate kinematics area and the motion control task is given in chapter 10.1.1.

| SCADA |

— 1 ]

Human-

v
Observe Operate HTF Operate Data hi
system / cycle kinematics unit acquisition e
check safety y interface
[  Smoke Pump Enable kinematics unit Dynamometer
detectors [PLC] [PLC] [LV] + GUILV]
[PLC] * Heaters Motion control functions Field senors
» Electrical [PLC] « Manual mode [PLC] [FLC]
protections = Rotational motion
[PLC] « Translational motion
- T LI
.
« Automatic mode [LV]

Figure 19: Overview of SCADA main areas and tasks

3.1 LabVIEW

At the PSA LabVIEW is the preferred design platform for data acquisition, instrument control,
and automation tasks. One of the benefits of LabVIEW is the graphical programing which
allows also users without a programming background a rather fast and intuitive access to
generate a program. Another advantage of LabVIEW is the wider support for interfaces to
different devices, not only from the manufacturer National Instruments but also from third
party providers. Furthermore there exist large libraries for data acquisition, signal generation,
mathematics, statistics, signal conditioning, analysis and graphical interfaces which make
LabVIEW a suitable tool for many tasks.

As well knowledge and licenses are present, what makes LabVIEW as a first choice for the
development of a SCADA system.

LabVIEW is running on an operating system which in this case will be Windows. And here is
also the weak spot of a SCADA system based on LabVIEW. The LabVIEW program can
only be as stable as the system on which the portal is running on. In general, an operating
system (OS) is responsible for managing the hardware resources of a computer and hosting
applications that run on the computer. Common operating systems (OS) offer cost efficient
access to high performance hardware and are excellent platforms for non-critical measure-
ment and control systems. Such operating systems are designed for a broad range of appli-
cations and a comfortable handling. However, common operating systems are not optimized
for tasks which require precise timing, strict prioritized or extensive long term operations. To
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give an example: A common OS is designed to execute various processes at the same time
(multitasking) this is an indispensable feature for a wide range of user applications and pro-
vides the opportunity to run different programs and processes in parallel. A down side on this
is that a program with a rather low priority can hog the processer power and therefore slow
down or even block the execution of a different process with a higher priority. In addition,
many common OSs are not designed for static long term operations and therefore occasion-
al system crashes are accepted in favor to other aspects. [15]

3.2 Real-time operating system

A real-time operating system (RTOS) is designed for high-reliability, deterministic perfor-
mance and a suitable tool for critical applications. This can be especially important in meas-
urement and automation systems where downtime is costly or a program delay could cause
a safety hazard. To be considered "real-time", an operating system must have a known max-
imum time for each of the critical operations that it performs. [15]

3.3 PLC

Various real-time systems are available on the market. So, National Instruments offers real-
time systems which are LabVIEW compatible.

A more traditional real-time system is a so-called PLC where PLC stands for “Programmable
Logic Controller”.

PLCs where developed in the seventies to replace hard wired relays and timers controlling
industrial plants. They are automation controllers and a typical application for real-time sys-
tems (also see 11.5). The very basic standard components of a PLC are: a micro processer
(UP), memory to store the program and parameters, several in- and outputs for sensors and
actuators, often a HMI and an interface for communication. Figure 20 represents the sche-
matical hardware structure of a PLC with power supply, CPU with components such as an
integrated fieldbus, and various analog and digital in- and outputs (Al, DI, AO, DO). PLCs
are universally applicable and often module based, so they can be suited adequately to the
corresponding task. PLCs have been widely adopted as high-reliability automation control-
lers suitable for harsh environments. These features made them a wide spread mass prod-

uct.
Programming
% device

A
(PLC )
Power [CPU Y J
Supply uP / RAM / EEPROM / LAN / Fieldbus
: I — 1 k
AO Al DO DI
A .IP

L. J

Y  J \ 4 Fieldbus eg.

Wmfbug

., Sensors &
@ >< ‘Q =X, 4 [l actuators
Motors valves pumps contactors position sensors

Figure 20: Sketch of a PLC structure [16]
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3.4 Automation devices

Besides PLCs, process control systems, motion control systems, microcontroller and PCs
are commonly used automation devices. Process control systems are mainly used in pro-
cess engineering and often consist of multiple control systems, automation devices and in-
terfaces which are connected within a network.

For motion control applications for factory automations special motion control-systems are
used. These systems, with very fast cycle times, can control and synchronize variable mo-
tors and coordinate motions.

Microcontrollers are often used for smaller applications. They are cheap and have low power
consumption. One of their main disadvantage is that they usually have only a few and mostly
not standardized interfaces. This comes into effect for the integration of sensors and actua-
tors.

For many applications PC are suitable automation devices where the control algorithm can
be written in a high level language such as C or G (G is the language used by LabVIEW).
[15] [16]

Other interesting alternative to the above described so-called hard PLCs are slot- and soft-
PLCs. Slot-PLCs are plug-in-boards for PCs. By the use of a multi-ported RAM, PLC and PC
can access the memory in parallel, what facilitates the data exchange. A soft-PLC is based
entirely on software and uses the hardware of a common PC. The communication with field
devices can be realized by plug-in-cards. The use of a PC enables access to a wider field of
resources and technologies, a higher performance and cost efficient all-in-one-solutions
(PLC+HMI). Using an industrial computer with a real-time operating system kernel, the re-
guirements on robustness and reliability can be achieved. [16] [17]

3.5 Comparison LabVIEW versus PLC

Historically LabVIEW had main advantages in data analysis and complex mathematical func-
tions. A PLC was a preferred choice for industrial applications where a stable and highly
reliable system was needed. Due to PLCs with continuously increasing computing power
and RTOS for LabVIEW applications (such as PACs programmable automation controllers)
these boundaries become more and more blurred. [18] [19]

3.6 Why areal-time system is needed?

To control the REPA test rig a real-time system is needed for various reasons. Moreover,
both the control of the HTF and the kinematics unit requires a real-time system. Since the
HTF unit heats the HTF to high temperatures under high pressure, a malfunction can dam-
age the test rig. The same is true for the kinematics unit; a malfunction or crash of the sys-
tem could cause an uncontrolled motion and thus damage the mechanical structure or the
cylinders.

4 PLC

4.1 Choice of PLC

Due to the above described, it was decided to base the control of the test rig on a PLC. Next
to its real-time ability the robustness and long-term stability of a PLC are important factors.
The test rig is supposed to run continuously during test periods of three months.
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In addition, for the HFT unit a closed-loop control will be applied. Common PLC languages
provide pre-build functions for this purpose, which enables an easy and fast implementation.

During the planning process, it was decided to use a SIMATIC S7-300 universal controller
from the manufacturer Siemens. The S7-300 is a universal automation system which can be
adapted to various kinds of applications, due to its modular concept [20]. The performance
power of S7-300 series lies in the middle range of available PLC systems and various sys-
tems at the PSA were implemented with these models. Furthermore, by choosing a CPU
form the S7-300 series, advantage of a small, onside stock of exiting S7-300 modules can
be taken.

42 PLCCPU

The CPU 315-2 PN/DP was chosen, as demonstrated in Figure 21 it lies in the middle class
of S7-300 CPUs. During the planning process it was assumed, that the CPU performance
will be adequate to fulfill the requirements, which is not yet proven. By the integrated PRO-
FIBUS DP interface a PROFIBUS DP network can be built easily. Figure 21 illustrates the
differences between the six performance classes of the S7-300 CPUs (firmware V3.x and
higher).

Memory in MB CPU 312

—— 2048/2560 CPU 313
CPU 314
CPU 317
CPU 319

— 1024/1536

I |
32 32 16 12 8 0.06 0.05 0.025 0.004

e il & Processing time

Number of Binary command in ps
connections " St

Address range
T8 Inputs/outputs in KB

G_ST70_XX_00612

Figure 21: Overview of S7-300 CPU performance classes [20]

" Connections stand for internal resources of the CPU [...J. The standard bus communica-
tion [...] do not require connections. [...]J.” [20]

4.3 PLC components

The PLC S7-300 is a modular system. The CPU could be described to be the head of the
system and determines the computing performance. To make the PLC suitable for different
tasks, a wide variety of modules are available. The most common modules are different ana-
log and digital in- and outputs. In addition, there are technologies- and other function mod-
ules, such as counters or interfaces. To know which modules are needed a signal list was
created. It contains all sensors and actors which interact with the PLC. Also it displays their
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most important properties, like the type of signal they use, are listed. The signal list can be
found in appendix 14.12

For the test rig a total of about 130 PLC external signals were gathered. To leads to the fol-
lowing PLC configuration: Five analog inputs modules monitoring sensors like thermocou-
ples and RTDs or signals transmitted by an analog signal from a transducer. The two digital
input modules receive mainly signals from auxiliary contacts or sensors detecting a binary
status, like the limit switches. The two analog outputs are used to output set points for
equipment such as the VFDs or electrical valves. By the digital outputs, binary valves and
electrical equipment such as contactors and relays are controlled. Furthermore the enabling
of power electronic elements such as VFD and servo controller is controlled via digital out-
puts. The FM 350-1 counter module is needed for the integration of the magnetic scale sen-
sor (see 8.3.1). The CPU 315 allows a maximum of 8 modules on one rack, to expand the
PLC by a second rack the modules IM 360 and IM 361 are used. Figure 22 displays the PLC
configuration with power supply, CPU, expansion interfaces, counter module and various
digital and analog in- and outputs.

o ~
«}@ é’@. ) d&?‘/
ois S
¥ e 5
$ & P

Rail_1

Figure 22: PLC configuration
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For the integration of the absolute rotary encoder a PROFIBUS-DP network was created,
demonstrated in Figure 23.

PLC 1 Slave_1
CPU 315-2 PNIDP EAMSE-xxB-30- . DP-NORM

PLC_1

PROFIBUS_1

Figure 23: PROFIBUS DP network

5 Electrical cabinets

In order to provide the test rig components with electricity the so-called power cabinet was
designed. It is responsible for the distribution of the electric energy and therefore contains
equipment such as switches, contactors and protections. Furthermore some control equip-
ment with high power consumption, such as two variable frequency drives and a servo con-
troller are placed in the upper part of the power cabinet. Aside from the power cabinet the
so-called control cabinet was designed, it contains mainly the equipment responsible for the
PLC control including the connections for the field sensors, the 24 V power supply and the
distribution of the uninterruptible power supply (UPS) voltage.

The cables are distributed to the field by two separated cable trays. This separation is nec-
essary to avoid electromagnetic distortions of signals coming from the power cables. To get
a clear overview across the electrical equipment and connections an electrical circuit dia-
gram was created, see appendix 14.14. In Figure 24 both cabinets next to each other and
the cable trays are displayed.

Separated cable trays

5
Control cabinet

Figure 24: Electric cabinets
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Figure 25: Power cabinet Figure 26: Control cabinet

Figure 25 displays the power cabinet and Figure 26 the control cabinet. Next to the termi-
nals, the cable routing concept is presented. In order to avoid malfunctions of equipment
through electromagnetic disturbances, power and signal cables are routed separately.
Where a minimum distance of 20 cm between signal- and power cables can’t be complied,
these are separated by a metal wall.

6 Test rig motions

6.1 Fundamentals and definitions of the test rig motions

6.1.1 Definition of translation angle @

As mentioned in 2.3 during the planning process the test rig was specified to be able to
move on the translational axis in a range of 45°. The position is described by the translation
angle #. This angle is measured between the drive pylon arms and the plane perpendicular
to the rotation axis. It is not yet known if the mechanical constructions and the drive ele-
ments (such as the cylinder) will permit this motion. At the current stage a theoretical possi-
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ble motion in the range of — 19° until + 28° is expected. Since the currently installed REPAs
normally operate in a range of 8= [-6°,17°] this motion would be sufficient.

6.1.2 Definition of rotation angle ¢

The position in the rotation axis is described by the rotation angle ¢. This angle is measured
around the rotation axis, whereby the reference point (¢ = 0°) sits on a vertical line passing
through the rotation axis. More specific, it is the angle inside a plane, perpendicular to the
rotation axis, measured between the traverse and a vertical line seen from the rotation axis.
The vertical position (¢ = 0°) is also called rest position. The lowest position (¢ = -120°) is
called stow position and the highest position (¢ = 90°) is called end position.

Since the mechanical constructions aren’t finished yet, it is not known if these limits will be
achieved. However, the ranges described here are taken as a base for the development of
the motion control system.

6.2 Requirements on the test rig motion

In order to design a suitable motion control, it needs to be clear which specifications have to
be fulfilled by the control.

The following requirements were derived or taken over from preceded investigations. Many
are explained further, within this thesis, later on but listed here to provide an overview.

6.2.1 Operational and environmental conditions

e Continuous operation during test campaign with a one- to three-month period
¢ Roofed, outdoor, desert like ambient, rain temporary possible
e Environmental temperatures: -5 to 45 °C

6.2.2 Requirements on the rotational drive

e Separate actuation of two hydraulic cylinders

e Maximum moving speed: about 10 mm/s

¢ Measurement of the angle between -120° and +90° (range 210°)

o Prevention of exceeding the maximum angles to avoid damaging the mechanical
structure

e Continuous and stepwise movement must be possible (step width down to <0.25°)

6.2.3 Requirements on the translational drive

e Simultaneous actuation of two parallel hydraulic cylinders

e Maximum moving speed: about 30 mm/s

e Adjustable speed

o Measurement of the angles within a range of 45°

o Prevention of exceeding the maximum angles to avoid damaging the mechanical
structure

e Continuous movement independent from rotational drive
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6.3 Realization of test rig motions

Whereas the realization of the translational motion is straight forward and can be executed
by retracting or extending the both cylinders simultaneously, the realization of the rotational

motion needs further considerations.

6.3.1 Translational motion

Cylinder tran.south

Cylinder tran.north

Figure 27: Drive pylon with highlighted
translation cylinders

As mentioned above the translational motion
is executed through parallel motion of the
two cylinders named tran.south and
tran.north. The positioning of the valves (Y5
& Y6) determines the direction of the move-
ment.

Table 1 shows the valve positioning and re-
sulting movement of the translational cylin-
ders. If both valves are not activated the load
retaining valves prevent a cylinder move-
ment.

Whereby the pressure is built up by a hy-
draulic pump, driven by an induction motor
(M2) — variable-frequency drive (VFD) com-
bination. The use of a VFD allows the regula-
tion of the speed with which the cylinders
move and therefore the speed of the transla-
tional motion. The system was designed to
cover an area of 45° by one stroke within 15
s. Hence the resulting angular velocity of the
translational motion is: wgestrig = 3°/s . Due
to differences between the design and the
manufactured structure the resulting parame-
ters may differ. This will be investigated fur-
ther during the building and commissioning
process, carried out subsequently to this
thesis.

Figure 27 presents the drive pylon and the
highlighted translation cylinders in the CAD
model.
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Table 1: Valve positioning translational motion

Cylinders tran.south & tran.north
Valve / tag Extend Retract
Y5/ PY-CI-05-W 0 1
Y6 / PY-CI-06-W 1 0

6.3.2 Rotational motion

In general, the rotational motion follows the same principles as the translational motion. But
in order to generate a rotational motion the two cylinders must operate disparate to each
other.

The drive pylon consists of the base frame and
head. The head is the upper part of the drive py-
lon and describes the unit of frame, lever and end
plates.

Rotation
axis

Figure 28 shows the drive pylon’s base frame
and lever as well as the two rotation cylinders.
The upper frame and the end plates are omitted

Cylinder , i in this presentation to put the focus on the parts

S U generating the rotational motion (cylinders and
| lever). The black dashed lines show the cylinder
Cylinder alignment needed at the presented lever position.

rot.east

Technical drawings, figures and photos of the
drive pylon are shown in appendix 14.5.

One of the requirements of the rotational motion
is to be able to execute steps < 0.25°. To achieve
such small increments a servo motor is used to
drive the hydraulic pump. Since the hydraulic
valves need about 100 to 150 ms to open or
close, they will remain in their position and the
motion will be realized by actuating the servo mo-
Figure 28: Drive pylon base frame and tor. A servo motor is used because of its high
lever starting torque and easy control.

Table 2 and Table 3 show the valve’s positions and corresponding motion directions of the
titled cylinders rot.west and rot.east.
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Table 2: Valve positioning cylinder rot.east

Cylinder rot.east
Valve / tag Extend Retract
Y1/ PY-CI-01-W 0 1
Y2/ PY-CI-02-W 1 0

Table 3: Valve positioning cylinder rot.west

Cylinder rot.west
Valve / tag Extend Retract
Y3/ PY-CI-03-W 0 1
Y4 | PY-CI-04-W 1 0

With data from the CAD model, the behavior of the drive-pylon was investigated. Therefore,
a geometrical analysis with the help of the software “MATLAB” was performed. More pre-
cisely, the changes of length of both cylinders needed in order to create a rotational motion
around the centered axis were determined. The change of cylinder length in dependence of
the rotation angle phi is demonstrated in Figure 29 and Figure 30.

cylinder rot.east
500 T T . . .

400
300
2001

100

change of length in mm

-100 |

i i { ! :5541° ; ! i
-120 -100 -80 -60 -40 -20 0O 20 40 60 80 100
phi in degees

-200

Figure 29: Cylinder rot.east change of length over angle phi
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Figure 30: Cylinder rot.west change of length over angle phi
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During the above mentioned analysis, the necessity of three areas of different cylinder
movement combinations were observed. Furthermore, the critical angles (CA2 and CA3)
which define the boundaries between these areas were evaluated. The following angles

were found.

Critical angles (CA) for cylinder movements:
CALl: -120° end position negative
CA2: ~ -52 ° change of cylinder “rot-east” (shortest point)
CA3: ~ + 42° change of cylinder “rot-west” (shortest point)
CA4: + 90° end position positive

These findings yield to the areas and corresponding cylinder movement presented in Table 4

Table 4: Areas of cylinder motion to create a rotational motion

Positive movement

Negative movement

Area Angles
cylinder | Rot.-east | Rot.-west | Rot.-east Rot.-west
CAlto CA2 | -120°...-52° Retract Retract Extend Extend
CA2 to CA3 -52°... +42° Extend Retract Retract Extend
CA3to CA4 +42°...490° Extend Extend Retract Retract

Due to deviations from the real existing system to its model, the real critical angles are ex-
pected to differ from the calculated angles. The real angles must be found during the com-
missioning of the kinematic unit by experiments. (Therefore, a special “debug mode” ena-
bling independent manual cylinder motion is implied in the motion control program, see

10.1.1)
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7 Motion control system

The previous described requirements and solutions led to the motion control system, sche-
matically described in Figure 31. In the following chapters the different elements, such as the
position measurement (see 8) and the implemented functions (see 10), are described in
more detail.
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Figure 31: Simplified schematic sketch of motion control system

8 Position measurements

As described under 2.3.2 the motions of the test-rig are monitored by various sensors. While
the rotation angle ¢ is measured using a magnetic scale position sensor, the translation an-
gle 6 is measured using an absolute rotary encoder. Additionally four limit switches are im-
plemented as a redundant measure to avoid a motion exceeding the mechanical limits. In
Figure 32 the position of the different sensors is shown. It also provides a visualization of the
sensors in form of a CAD model.
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Figure 32: Position and visualization of motion control sensors in CAD model
8.1 Limit switches

As limit switches, inductive proximity switches from the manufacturer BALLUFF are used. A
flag is mounted in a fixed position on the axis. Since the switches are declared as normally
closed, they will switch from a high to a low status as soon as the distance between the flag
and the sensor goes below a certain value. Figure 33 shows one of the two limit switches on
the roational axis.

Figure 33: One limit switch on rotation axis
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The limit switches are connected to the PLC by digital inputs. To check the performance a
function test of the limit switches was executed, the results are presented in Table 5.

Inductive limit switch Date: October 05™ 2016
Manufacturer: Balluff
Type: BES M12MI-POC40B-S04G
Signal in relation to
rated operating dis-
Sensor Tag Module | Address tance (4 mm) Status
Within Beyond
rotation negative ZS-CI-01-W 14 DI 6.4 0 1 OK
rotation positive ZS-CI-02-W 14 DI 6.5 0 1 OK
translation negative | ZS-CI-04-W 14 DI 6.6 0 1 OK
translation positive ZS-CI-05-W 14 DI 6.7 0 1 OK

8.2 Measurement of translation

8.2.1 Choice of sensor

The angle of the translational motion theta (€ ) is measured by an absolute rotary encoder.
During the process of configuring and testing the sensors it was noticed that the beforehand
bought rotary encoder is a multi-turn encoder and not a single turn encoder as expected.
The multi turn encoder had a maximum measurement range of 64 turns and therefore a
coarse resolution. The encoder was meant to be connected to the PLC system via a 4-20
mA signal and offered the opportunity to adjust the range of the DA-converter down to 2
turns. But still the resolution of the measurement system resulted to be about 1° and there-

fore not suitable for the desired application.

! |
=
|

cam——

Absolute
rotary encoder

Figure 34: Absolute rotary encoder in CAD
model

Figure 35: Picture of absolute rotary encoder
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Due to the necessity of buying a new encoder, different encoder types and technologies
were reviewed. The use of an analog 4 — 20 mA interface has the advantage of an easy im-
plementation in the existing PLC system but the disadvantage of additionally uncertainties
through the conversion to an analog signal, the measurement uncertainty of the PLC analog
input module and the analog-to-digital conversion. This fact led to an insufficient measure-
ment accuracy of the angle measurement system for the inspected analog rotary encoders.
So, other technologies where considered and inspected under the aspects of measurement
accuracy, cost and availability. Because of outer circumstances the encoder had to be
bought and paid within a short time frame. The search led to a PROFIBUS rotary encoder.
The disadvantage is that a PROFIBUS network needs to be implemented for this sensor but
since the CPU has an integrated PROFIBUS -DP interface this inconvenience can be ac-
cepted considering the advantages. The main advantage of the chosen encoder, among its
short term availability, is the resulting measurement accuracy. The encoder itself has a tol-
erance of 2 LSB with a 16 bit resolution which in our case results in a measurement accura-
cy of 0.011° (derivation in 14.7.2). Due to the use of a digital signal no further significant un-
certainties are caused by the signal transmission or conversion.

8.2.2 Absolute rotary encoder function test

To verify a correct integration and function of the absolute rotary encoder a brief function test
was performed. The value was checked online at different angles whereby a triangle served
as reference. The result is shown in Table 6: Rotary encoder function test

Table 6: Rotary encoder function test

Rotary encoder function test Value Status
Date: -170° OK
November 30" 2016 -90° OK
0 OK
Variable: 90° OK
"ZQ-TRA-01-actual-angle" +170° OK

8.3 Measurement of rotation

The position of the traverse on the rotation axis is determined by measuring the rotation an-
gle. This angle ¢ is measured by a system consisting of a “POSIMAG magnetic scale sen-
sor” of the manufacturer “ASM” and a “SIEMENS SIMATIC S7-300 FM350-1 Counter mod-
ule”. The “POSIMAG®” is a non-contact, high resolution magnetic position measuring sys-
tem. It consists of a magnetic measuring strip and a non-contact magnetoresistive scanning
head. The magnetic measuring strip is periodically magnetized with magnetic north and
south poles. To capture a position the magnetoresistive sensor head samples sinusoidal
magnetic fields above the magnetic strip. The FM 350-1 counter module counts these sam-
ples. Since the distance between the magnetic south- and north poles is known, the number
of counted steps represents the covered distance. Figure 36 visualizes the functional princi-
pal of the magnetic scale sensor.
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The magnetic scale sensor is an incremental system. By these means only the covered dis-
tance is measured and the absolute position is unknown in the first place. In order to know
the absolute position a reference point is needed. This point is implied by an additional mag-
netized area on the magnetic measuring strip. Every time the sensor passes this reference
point the counter value is set to zero. The position of the reference mark is known and to-
gether with the known distance, the absolute position can be calculated.

Figure 36: Visualization of magnetic scale functional principal

8.3.1 Integration of the magnetic scale sensor

The magnetic scale sensor can output values with a frequency of 20 kHz. The value of a
normal digital PLC input is only scanned once per CPU cycle. The CPU cycle time can vary
but can’t be faster than 1 ms (1 kHz) and is expected to be in the range of several ten to
hundred milliseconds (equivalent to a frequency with a three to two digits Hertz value). For
this purpose S7 CPUs which are designed for motion control task come with integrated “fast
digital inputs”. The present CPU 315-2 PN/DP does not offer such fast inputs. Hence an ad-
ditional counter module is needed to integrate the magnetic scale sensor. The counter mod-
ule FM 350-1 was chosen for this purpose. In order to be able to read out the counter value,
a memory address must be assigned and a data interface must be created. Furthermore it is
necessary to initialize the counter parameters. Such parameters are for example enable up
and down counting directions or zero loading at 0-mark passing. This is executed after each
complete restart within OB100. The communication between CPU and counter module is
implemented by the use of the function COUNTER MODULE CONTROL (CNT_CTL1). The
conversation from counter steps into degrees is done by a multiplication. To be able to com-
pensate an offset resulting from a deviation of the zero mark position and the real zero angle
position an offset variable “ZU-ROT-03-offset” is introduced.

8.3.2 Retain counter value

The sensor itself has no memory and in case of a power loss neither the relative nor the ab-
solute position is known. For this reason the value is stored within the PLC CPU retain
memory. Due to the experience of the instrumentation department, for drive pylon applica-
tions it is sufficient to save the position value at least 8 to 16 times per second, depending on
the dynamic of the system.
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In case of a power failure that cannot be compensated by the buffers a restart of the PLC is
necessary. As a default the start value of the counter will be assigned to be zero. With other
words the actual counter value and so the knowledge of the position in the rotation axis is
lost. If the position of the drive is unknown, it is not possible to generate a rotation without
the chances of causing damage to the mechanical structure or the drive itself (see 6.3.2).
Consequently the loss of the position value must be avoided. This issue is treated by storing
the actual counter value continuously within the retentive memaory of the CPU each cycle. In
case of a restart a trigger flag is set within OB100. If this trigger flag is set, the last stored
counter value is loaded from the CPU retain memory into the counter module memory, within
the first executed main (OB1) cycle. Due to the fact that the last stored value might differ
within a small range from the actual position the drive has to be moved until it passes the
zero reference mark to avoid errors in the rotation angle measurement.

8.3.3 Applicability of the magnetic scale sensor

During the planning process this sensor was favored over the use of an inclinometer as often
used in many PTC plants. Using a magnetic scale sensor a better accuracy can be achieved
(see 8.3.6). Due to the poor accessibility of the rotation axis, the use of an absolute rotary
encoder requires a rather big mechanical effort.

The main application of magnetic scales is the measurement of linear positions. Even so, it
is also possible to measure an angle by attaching the measuring strip on a cylindrical sur-
face. For an angular measurement the manufacturer datasheet recommends to glue the
magnetic tape on a surface with a minimum radius of 100 mm. In our case the radius is only
about 80 mm. Upon request, the manufacturer stated a possible damage to the magnetic
strip, if the recommended minimum radius is undercut. Nonetheless, experiments showed
that the function of the magnetic scale sensor is not affected using a radius of about 80 mm.
Additionally long term experience of the PSA instrumentation department verifies an impec-
cable function of the ASM POSIMAG magnetic scale, even with a bending radius of less
than 80 mm. Figure 37 displays the magnetic scale sensor on the CAD model. Figure 38
shows a photo of a magnetic scale sensor mounted at a PTC application at the PSA.

Sensor
T[ -¢— head
H
@e
B Magnetic
Magnetic strip_ strip

Figure 37: Magnetic scale sensor in CAD
model Figure 38: Magnetic scale sensor at PSA
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8.3.4 Estimation of rotation angle measurement system tolerance

To get a feeling of the accuracy of the rotational position measurement system its tolerance
is estimated. Initially it has to be distinguished between systematic deviations that can be
corrected and such which cannot.

The fact that the circumference of the axis, on which the magnetic stripe is glued on, is ex-
pected to slightly differ from the initially assumed value, leads to an expected deviation. Also
it is considered impossible to glue the magnetic strip in such a way that the reference mark
is positioned exactly at the 0° position. Furthermore the reference mark itself has a tolerance
of £ 1 mm. But all this errors fall in the category of correctable errors.

After the mounting is finished, a photogrammetry has to be performed to verify a correct axis
alignment. With the photogrammetry results, correction factors will be determined to update
the program code. Therefore the first kind of errors can be neglected for the treatment of the
measurement system tolerance.

Not all deviations or tolerances of the second type are given but with a worst case calcula-
tion of the influence of the ones that are given, an estimation of the resulting tolerance of the
rotation angle measurement system can be made. The repeat precision and linearity of the
“‘POSIMAG magnetic scale sensor” are given in its datasheet. The precision is = 1 digit, the
linearity 15 um + 40 um/m (both for the sensor with mag. scale PMIB3). Assuming a circum-
ference of 500 mm a worst case estimation leads to a measurement system tolerance of:
+(0.018° + 0.004 % of the measured value) ,(derivation in 14.9.1).

8.3.5 Magnetic scale function test

To verify a correct integration and function of the magnetic scale position sensor a brief func-
tion test was performed. Therefor the magnetic scale was put on a tube with a circumference
of 50 cm. The value of the variable "ZQ-ROT-01-actual-angle" was checked online at differ-
ent angles whereby a triangle served as reference. The result is shown in Table 7.

Table 7: Magnetic scale function test

Magnetic scale sensor function test Value Status
Date: -220° OK
October 06" 2016 -180° OK
-90° OK
Variable: 0° OK
"ZQ-ROT-01-actual-angle” +45° OK
+100° OK

8.3.6 Comparison with inclinometer (in respect to drive pylon damage)

In power plant applications, the rotation angle is often measured by an inclinometer. These
inclinometers commonly provide an accuracy of about + 0.1° [21] [22] [23].
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With this accuracy a save motion without drive pylon damage trough imprecise motion con-
trol is achieved. As shown in 8.3.4, the angle measurement system of the test rig provides a
better accuracy. By this it can be assumed the positioning and measurement of the angles
are accurate enough to avoid a drive pylon damage trough uncertainty of the rotation angle
measurement.

9 PLC Programming

9.1 Naming convention of variables and signal list

The variables are named taking into account the PSA instrumentation nomenclature.

A copy of the PSA instrumentation nomenclature is shown under Appendix 15.11

The first two to three letters indicate the functionality and type of the variable. These letters
are followed by the area abbreviation consisting of two to three letters with the following
meanings: HFT circuit (HTF), kinematics unit (Cl), translational motion (TRA), rotational mo-
tion (ROT) and motion control (MOT). The subsequent number ensures a clear identification
of each single variable. The letter “W” shows that the variable processes an external wired
signal. Input variables which are coming from an external signal and are transmitted via the
OPC server are indicated by the letter O. The definition and assignment of variable names
also called “tags” of the PLC in- and outputs is represented in the signal list suffixed in Ap-
pendix 14.12. The signal list was created by various authors. During the PLC configuration
and programming process some inconsistences were noticed. Most discrepancies were cor-
rected but a certain inconsistency remains.

9.2 Programing Language

Due to the environment the most of the PLC program is written in Ladder Diagram (LAD /
LD). It is the preferred language of the Ciemat PSA instrumentation department. By using
this language the program code can be modified easily by the on-site engineers later on.
This is especially important for the program maintenance and further development. A disad-
vantage of LD is its rather unclear layout especially for people without experience in reading
electric circuit diagrams and electric logic combination controls. Using functional blocks from
the Functional Block Diagram (FBD) language a better clarity is achieved.

For implementation of technology hardware and some user specified functions the language
Statement List (STL) is used. STL offers instructions which are not available in other lan-
guages. Furthermore it allows quicker code writing. STL corresponds to the Instruction List
(IL) language defined in the IEC 61131-3 specification.

10 Implemented functions

In order to allow various motions of the test rig different functions were implemented. These
functions are described in the SCADA outline. By the SCADA outline the control tasks are
assigned to the responsible SCADA system elements. In the following an extract of the
SCADA outline is given. This extract describes the operations of the kinematics unit and
therefore the motion control.
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10.1 Description of functions by an extract of the SCADA outline

In the present outline the divisions and assignments of main areas and tasks are represent-

ed in the following scheme:

Main Area [responsible subsystem]

Description and general information
Interface
Outputs and inputs <- [responsible subsystem]

Variables - tag
Description, information

Task Level 1 [responsible subsystem]

Description and general information
Interface
Outputs and inputs <- [responsible subsystem]

Variables - tag
Description, information

Task Level 2 [responsible subsystem]...

Task Level 3 [responsible subsystem]...
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10.1.1 Extract of SCADA outline

Operate Kinematics Unit [PLC&LV]
This section treats the operation of the Kinematics unit and therefore the motion control.

Enable Kinematics Unit [PLC]

By calling the function “Enable Kinematics Unit [FC28]” the equipment related to the kine-
matics unit is activated. By these means of action, the mains of the hydraulic oil cooler
pump, the servo controller and the VFD as well as the corresponding power enable ports are

activated. It is called during the (re-)start of the PLC system.
Variables:

Mains Hyd. oil cooler pump - “EY-CI-10-W”

Mains servo controller (6SC1) - "EY-CI-12-W”
Mains VFD (7FC1) - "EY-CI-13-W”
Power stages enable - “Enable-motion” [FC20]

Enable motion [PLC]
The function enables the power stages (ENPO) of the VFD (7FC1) and the servo controller
(6SC1) to operate.
It is called within the “Enable Kinematics Unit” function but also on external request. This is
necessary to restart motions after a critical incident.

Implemented in: motion-control [FC21], Network: ENPO — motion.
Variables:

ENOP servo controller (6SC1) - “"YY-CI-05-W”
ENPO VFD (7FC1) - "YY-CI-07-W"

Interface
Input: <- [LV]
Variables:
Activate power stages - “DB_motion-control”.”EK-MOT-01-0-
enpo”
Manual Mode
The manual mode allows a manual control of the kinematics unit by the user. Therefore it
provides various functions which are organized within the PLC Motion-control function
[FC21]. The function Motion-control [FC21] coordinates the motion control and is called fre-
quently by the organization block “Main” [OB1]. Within this block the status of the Boolean
variables which can be set by LV via the OPC server, are queried. If a variable is set, the
corresponding functions are called. Another task is to identify and process inconsistent ex-
ternal motions commands coming from LV. For this task the internal temporary variables
“count_calls_rotation” and “count_calls_translation” count the respective function calls during
one motion-control cycle, the value should not exceed 1 otherwise inconsistent instructions
were given. Such an incident is indicated by the variables: "Y-TRA-01_inconsistent instruc-
tions" and "Y-ROT-01_inconsistent instructions”. The organization of external requests and
the testing of their consistence are treated within one function to achieve a clear arrange-
ment.
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Stop Motion [PLC]
This function provides the option to stop the motion via the user interface during the manual
operation. When the function is called the pumps and valves will be deactivated. There also
exists an additional, independent hardware emergency stop, activated by emergency stop
switches. Furthermore it resets external motion requests.
Implemented by: motion-control [FC21], Network: Stop-motion.
Interface
Input: <- [LV]
Variables:
Stop motion —”"DB_motion-control”.”ZYK-MOT-01-O-stop-
motion”
Manual Mode rotational Motion
General feedback from PLC to LV. The outputted values are stored in global variables and
processed within various functions. They contain information which is of interest for various
motion functions.
Interface
Output: [PLC] ->
Variables:
Actual angle - “ZQ-ROT-01-actual-angle”
Rotation stopped - critical -"ZY-ROT-09-stopped-critical”
Set when rotation was stopped by the PLC because of a critical incident

Virtual limit reached positive - ”“"ZY-ROT-01-0-HL-reached”
(Software)
Virtual limit reached negative - ”"ZY-ROT-02-0-LL-reached”
(Software)

Limit switch reached positive - “ZS-CI-02-HL”
(Hardware) blocks positive rotation [FC10] [PLC]
Limit switch reached negative - “ZS-CI-01-LL”
(Hardware) blocks negative rotation [FC12] [PLC]
Rotate [PLC]
The drive rotates in either negative or positive direction until the end position is reached or
the motion is stopped by the user.
Implemented by: motion-control [FC21], Networks: start positive rotation — external request,
start negative rotation — external request, stop rotation — external request.
Interface
Input: <- [LV]
Variables:
Speed - “DB_A-Output”.AO_Module_16.A0_CH2.”SC-CI-03-W”
(As % of motor speed)

Start positive direction - ”“DB_motion-
control” .Rotation.”ZK-ROT-01-0-start-pos”

Start negative direction - ”“DB_motion-
control” .Rotation.”ZK-ROT-02-0O-start-neg”

Stop - ”“DB_motion-control”.Rotation.”ZYK-ROT-01-stop”
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Rotate to Position X [PLC]
The drive rotates until it reaches the designated position X.
Implemented by: motion-control [F21], Network: rotate to position X.

Interface

Input <- [LV]
Angle X - ”"DB_motion-control”.Rotation.”ZK-ROT-03-0-sp-
angle-X”"
Speed - “DB_A-Output”.AO_Module_16.A0_CH2.”SC-HFT-03-W”"
(As % of motor speed)
Start - ”“DB_motion-control”.Rotation.”ZK-ROT-04-0O-start-

rotate-to-X"

Output: [PLC] ->

Position X reached - “ZY-ROT-04-position-reached”

Rotation Step [PLC]

The drive will do one step of 0.25 ° (defined in "DB_motion-control".Rotation."ZU-ROT-02-
stepwidth"). Unlike to the other motion functions, the hydraulic valves continue in their posi-
tion after the complete execution of a step. This is necessary to facilitate the execution of
more steps in less time. If the desired step width is reached, has to be investigated during
the commissioning of the motion control and the kinematics unit. Later, when the testing pro-
cedures are defined, this function can be modified and enhanced.
Implemented by: motion-control [F21], Network: Rotate-step

Interface
Input: <- [LV]
Do Step positive - ”“"DB_motion-control”.Rotation.”ZK-ROT-

05-0-step-pos”

Do Step negative - ”"DB_motion-control”.Rotation.”ZK-ROT-

06-0-step-neg”
Output: [PLC] ->

Step executed - “ZY-ROT-05-step-executed”
Debug Mode Rotation [PLC]
The debug mode enables a single and independent cylinder movement. This function
should be used only under the highest awareness. By moving one cylinder against
the other the mechanical structure or the cylinders themselves might be damaged.
Therefore it must be ensured that a mal-function or crash of either the LV- or OPC-
system does not lead to an unstoppable cylinder movement. It was decided that the
stop of the cylinder movement in case of a crash or mal-function will be task of the
LV-system or the OPC server.

Implemented by: motion-control [F21], Network: Debug-rotation

Interface

Input: <- [LV]
Debug mode enable - ”"DB_motion-control”.Rotation.”ZK-ROT-
07-0-debug-mode-enable”
Extend cylinder rot.west - ”“DB_motion-

control” .Rotation.”Debug-mode-rotation”.”ZK-DEB-01-0-
exte-rot.west”
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Retract cylinder rot.west - “DB_motion-
control” .Rotation.”Debug-mode-rotation”.”ZK-DEB-02-0-
retr-rot.west”

Extend cylinder rot.east - ”“DB_motion-
control” .Rotation.”Debug-mode-rotation”.”ZK-DEB-03-0-
exte-rot.east”

Retract cylinder rot.east - “DB_motion-
control” .Rotation.”Debug-mode-rotation”.”ZK-DEB-03-0-
exte-rot.east”

Stop - ”“DB_motion-control”.Rotation.”ZYK-ROT-01-0O-stop”
Manual Mode Translational Motion [PLC]
General feedback from PLC to LV. The outputted values are stored in global variables and
processed within various functions. They contain information which might be changed as a
result of the execution of various motion functions.
Interface
Output: [PLC] ->
Actual angle - “ZQ-TRA-01-actual-angle”
Virtual limit reached positive - “ZY-TRAO1-HL-reached”
(Software)
Virtual limit reached negative - “ZY-TRA-02-LL-reached”
(Software)
Limit switch reached positive - “2S-CI-05-HL”
(Hardware) blocks positive translation [FC24]
Limit switch reached negative - “ZS-CI-04-LL"”
(Hardware) blocks negative translation [FC26]
Translational Motion [PLC]
When started, the translation drive moves in either negative or positive direction until the end
position is reached or the motion is stopped by the user.
Implemented by: motion-control [FC21], Networks: “start positive translation - external re-

quest”, “start negative translation - external request”.

Interface

Input: <- [LV]
Speed - ”“"DB_A-outputs”.AO_Module_16.A0_CH1.”SC-CI-02-W"
(As % of motor speed)
Start positive direction - ”“DB_motion-
control” .Translation.”ZK-TRA-02-0O-start-pos”
Start negative direction - ”“DB_motion-
control” .Translation.”ZK-TRA-03-0O-start-neg”
Stop - ”“DB_motion-control”.Translation.”ZYK-TRA-01-0O-
stop”

Translational Motion to Position X
The translation drive moves linear until it reaches the entered position X.

Implemented by: motion-control [FC21], Network: Translational-motion-to-position
Interface
Input: <- [LV]
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Angle - ”"DB_motion-control”.Rotation.”ZK-ROT-03-sp-angle-
%"
Speed - “DB_A-outputs”.AO_Module_16.A0_CH1.”SC-CI-02-W"
As percentage of motor velocity
Start - ”“DB_motion-control”.Translation.”ZK-TRA-05-0-

start-motion-to-X”"

Output: [PLC] ->
Position reached - ”"ZY-ROT-04-position-reached”

Automatic Mode [LV]?, [PLC]?

The automatic mode has to be developed after the testing procedures were defined and a
good understanding of the system was gained. It might be considered to design the automat-
ic mode mainly in LV whereby use of the existing PLC functions can be made.

11  System dynamics

The precession of positioning is not only limited by the accuracy of the position measure-
ment but also by the change of position during one program cycle and the overall dynamic of
the system.

The overall dynamic of the system depends on various factors. Some of these factors such
as the reaction time of the PLC and the servo controller can be estimated. Other factors like
the influence of the mass inertia of the system or the inertia of the hydraulic control system
are unknown. To do an estimation on the overall dynamics of the system, data of all contrib-
uting parts is needed but the data and the dynamic behavior of many system components is
not available. So the overall dynamics will be inspected by experiments once the mechanical
constructions of the test rig is finished and basic functions, to generate a motion, are imple-
mented.

11.1 Inspection of cycle time in respect to motion control

As further discussed under 3.2 a real-time system is defined by its guaranteed maximum
cycle time. Many motion control systems need a short cycle time and therefore require es-
pecially high performance CPUs. These short cycle times are amongst other things neces-
sary to achieve an accurate positioning.

In the following is explained why the cycle time has an impact on the positioning process:
The drive moves continuously with a certain velocity and the resulting positioning data is
processed within a given time. At the time the processing is performed and the correspond-
ing commands are generated as an output by the PLC, the drive won’t be in the same posi-
tion as it was when the position values were determined. In other words, the cycle time con-
tributes to a delay between the occurrence of an event and the corresponding reactions tak-
en due to the event. In case of driving the drive to a desired position (set point) the result is
an overshoot. This means that the actual position will not be the desired position but a posi-
tion beyond this set point.

In the present application it is important to know the absolute position of the rotational mo-
tion, in order to act correctly when the so-called critical angles are reached. These critical
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angles require a corresponding valve actuation depending on the angle area in which the
motion is executed. This process is described in detail in 6.3.2.

Due to the geometry of the drive pylon the change in cylinder length is rather low within the
nearby area of these angles. These can also be seen in the diagrams displayed in Figure 29
and Figure 30 in chapter 6.3.2. The curves show a relative small slope around the critical
angles. This circumstance allows a rather coarse motion control without damaging the drive

pylon.

11.2 Introduction of a tolerance band

The above mentioned delay does not only have an influence on the accuracy of the absolute
positioning but can also provoke oscillations. Due to the time needed to process the data,
the drive will stop at a final position beyond the set point. If the system wants to compensate
this overshoot, it will send the drive in the opposite direction. But here again an overshoot
will occur. The result will be a continuous back and forth motion.

To prevent such a back and forth motion and therefore the oscillation of the system a toler-
ance band is introduced in the program. By the implementation of a tolerance band a certain
deviation of the actual position value is allowed. If the actual position value is within the tol-
erance band no further motion will be executed.

11.3 System dynamics and rotational motion

The angle Agp (maximum change of the rotation angle ¢ within one program cycle of the ref-
erence system) contributes directly to the uncertainty of positioning and must be taken into
account while defining the position tolerance band.

As a first approach a tolerance band of £ 0.1° was chosen for the rotation angle. This value
was chosen in orientation on an existing reference system. The applicability of this value has
to be investigated through an experimental approach.

11.3.1 Comparison with existing system

To gain an understanding on the influence of the program cycle time on the positioning, a
comparison with a motion control of an existing PTC is executed in the following.

As described under 1.2.1 there are different sun tracking methods. If the sun is followed by
an algorithm, it is important to be able to achieve a sufficient accurate positioning. This is
required to keep the HCE within the focus and obtain a good efficiency. On the PSA various
systems are operating in such a way, whereby the motion control is realized by micro con-
trollers. To estimate the needed cycle time of the present CPU the test rig is compared with
an existing system and values resulting from the PSA instrumentation department experi-
ence. These values aren’t documented but only provided verbally or reconstructed from pro-
gram code of existing systems.
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Rotational motion
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Angular velocity of rotational motion
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Maximum change of the rotation angle ¢
within one program cycle of the reference
system Ag, . :

o

0.6

A(Dref = Tref . a)ref =125ms -
= 0.075°

Not yet know

Resolution of rotation

angle measurement R,

1 bit & 0.036°
R ey = 0.036°

Rgigit '360° 5 um-360°

R, = 0.0036°

c 500 mm

Tolerance band

Tolerance: £ 0.1°

For a first approach chosen to be £ 0.1

Tracking

Algorithm, each 3 s

| none
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The reference system moves with angular velocity of about ax; = 0.6 °/s, the position value
is processed eight times per second. This leads to a maximum change of the rotation angle
Ag within one program cycle of Agoref= 0.075°. The test rig is designed to drive twice through

whole angle range (210°) in 5 minutes. This leads to an angular velocity of 1.4 °/s
In order to achieve the same A¢ with the test rig (A(Ptestrig =A¢,¢), a cycle time of

Ttestrig <= 0.0536 ms is needed.

11.4 System dynamics and translational motion

The test rig was designed to drive, in the translational axis, through a range of 45° within 15
seconds. This leads to an angular velocity wy = 3°/s :

45°

15s 3°/s

If a maximum cycle time of 53.6 ms, as derived in 11.3.1, is assumed an angular velocity of
wy = 3°/s would lead to a maximum change of the translation angle & within one program
cycle 46 = 0.16°:

Wy =

o

3
40 = Tossumea * @9 =53.6ms - — = 0.16°

Under the consideration of 48 for the positioning in the translation axis a tolerance band of +
0.2° was chosen as a first approach. In the case that a higher precision is needed the toler-
ance band could be narrowed by slowing down the translational motion. This can be done by
the VFD driving the hydraulic pump.

11.5 Actual cycle time and possible improvements

It is yet not known, if this cycle time will be achieved with the present hard- and software.
Neither it’s known to which extend the cycle time influences the dynamic of the system and
therefore the possibility to reach the desired step width of 0.25°.

To gain a better knowledge on the performance, the behavior and the impact of the individu-
al components tests and investigations will be done after the mechanical constructions are
finished.

In the PLC configurations, the maximum cycle time can be set. If this cycle time is exceeded
the CPU will go into the STOP mode. This is a hecessary measure to fulfill the specifications
for a real-time system. The default value for the maximum cycle time is 150 ms, this value
can be adjusted between 1 ms and 6 s. In case that the resulting cycle time is to high differ-
ent measures can be taken:

a.) It may be possible to reduce the cycle time by a redesign of the program code, in
such a manner that less computing performance is needed.

b.) The hardware could be replaced by hardware with better computing power.

c.) Since not all processes require the same cycle time the program could be written in
such a way that the time critical motion control process is called with a higher fre-
guency than the remaining code. This can be realized by a periodic timer interrupt.

d.) The motion control can be outsourced to a certain extend. So, the servo controller
could regulate the step width. To realize such a control the behavior of the complete
system must be well known since there is no direct feedback of the actual position or
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step width to the servo controller. But if the relation of rotational motion in respect to
motion of the servo motor is known, an open loop control within limits can be a think-
able solution.
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Summary of motion control parameters and specifi-

In Table 8 the most significant parameters of the test rig motion are displayed. In the column
“as planned” the values used during the planning process are shown. Some of these values
were not actively considered during the planning process in this case the values resulting
straight forward from the design are displayed. During the construction process deviations
from the planned parameters to the actual parameters as they will be achieved by the test rig
were noticed. These values are represented in column “as build”. To be able to relate these
parameters, typical values of real world applications are shown in the column “Compare to”.

Table 8: Summary of motion control parameters and specifications

i ) Test rig
Variable Unit - Compare to Source / comment
as planned | as built
Rotation angle ¢
;Z;egjrnecrieor:t +(0.0108° +0.1° m.v. = of the measured value
0 +0.
system + 0.004 %,,,,) See App. 14.9.1
Full range ° [-120,90] [-124,91] SF, see App. 14.6
Day cycle
Yy ° [-120,90] [-124,91] SF, see App14.6.
range
Stow position ° -120 -124 SF, see App. 14.6
End position ° 920 91 SF, see App. 14.6
Rotational motion
Max. speed °ls 1.4 0.6 See 11.3.1
Step interval S 20-40; max 3 See 11.3.1; [8]
Step size ° <0.25 See 3
Posnpr\mg . +0.12 101 First approach;
precision See 11.2
Translation angle 6
Tolerance of
measurement ° 1 +0.011 not measured See App.14.7.2
system
calculations based on geometry as
Full range ° [0,45] [-19,28]" g y
planned
D I
ay cycle ° [-5.65,17]" [-3,17] SF, calc. based on App. 14.6
range
Translational motion
Cylinder m/s 0.03 Cylinder stroke (requirement sheet)
speed See 3
Angular ve- o/ 3 45°in15s
locity See 6.3.1
Positioning 2 First approach;
. ° +0.2
precision 0 none See 11.411.2

' Range possibly smaller due to mechanical obstacles.
% Tolerance of measurement system excluded.
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13 Summary and outlook

The aim of this bachelor thesis was to develop a motion control system for an already de-
signed test rig which analyzed rotation and expansion performing assemblies in parabolic
trough collector power plant applications. To gain an understanding of the general context, a
brief summary of PTC and especially REPA technologies was first displayed. This was con-
tinued by presenting the motivation for an REPA test rig, and an overview of its design was
given. It was explained how the motion control system will be embedded in the SCADA sys-
tem. Hence the SCADA system and its components were discussed. Since a real-time sys-
tem is needed, in order to prevent damaging the test rig, a PLC (SIMATIC S7-300 manufac-
turer Siemens) was selected as the base for the motion control system.

After defining the test rig motions in more detail and by overtaking information from previous
investigations, the requirements of the REPA test rig motions were clarified and presented
subsequently. Thus, it was displayed how the translational motion will be implemented with
the help of two hydraulic cylinders, whereby the hydraulic oil pressure will be generated by a
pump driven by a VFD. The direction and the start as well as the stop of the motion will be
controlled by the actuation of hydraulic valves. An absolute rotary encoder was elected to
measure the translation angle. Although the rotational motion follows the same principals, it
will require the two cylinders moving separately. By a geometrical calculation the need for
two switching points (CA2 and CA3), in order to generate a rotational motion was found. To
achieve the requirement of steps < 0.25° in the rotational axis, the corresponding hydraulic
pump will be driven by a servo motor and it was decided to measure the rotation angle by a
magnetic scale sensor.

After the framework was built, functions enabling motions in the translation- and rotation ax-
is, as well as the positioning at a set point, were programmed. Moreover a function to exe-
cute 0.25° steps in the rotation axis was provided. Hereby, the motion is controlled directly
via the servomotor, while the hydraulic valves remain most of the time in their position. This
is a key point to facilitate a fast execution of these small steps.

During the discussion of the system dynamics it was shown how the PLC CPU cycle time
affects the motion control. Furthermore it was described why it influences the positioning. If
the cycle time will be small enough, is not yet know. Hence, possible improvements and al-
ternative solutions are presented and an overview of the motion control parameters and
specifications is given above (see, 12).

Within the scope of the bachelor thesis, the design of the motion control system was devel-
oped and its components were specified. However, only tests on single elements but not on
the entire system were performed. The construction of the REPA test rig was not finished
when this thesis was presented. Experience showed that the mechanical construction and
the commissioning process are accompanied by continuous changes, improvements as well
as adaptions. Since the presented test rig is a prototype, many factors and its behavior can
only be predicted but remain unproven or uncertain until tests are performed. Thus an ex-
tensive testing and commissioning process including further corrections and improvements
will be carried out subsequent to this thesis. According to the current time table the test rig
will be operating and ready to execute measurement campaigns as of 2017.
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14.1 Photos of REPA test rig

14.1.1 Photo of kinematics unit showing REPA

Photo of REPA test rig showing Kinematics unit
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14.1.2 Photo of kinematics unit

14.1.3 Photo of HTF circuit
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14.2 Hydraulic unit circuit diagram

L Eﬁ L u.” et PrrT— E HIEIYEIRUN LS50S -]
: - Japopsiapey I FHE(] Haws fineipiy-o07
£y — IZIeH e I [HANYHIAH-53534 |
LAWH04 DOEDREL oz 910z 108T 2 - IpVaTe—
20 A bz SBERon 100 ¢ BunuuedsEUDE EI [ EA] 05 [00WOET EEN T
4B L} BNSERA XEU S XEU NSRS O JTTH © Wwinipa gy =l OFrl |84 05 | 00w0EL G0 |EW
HE] [ EDE] 05 |[00W0ET £ [ZW
00o0eEd | £'8 EEIIE R EE T
assepzuazif3g (U Tu | Tl [ TZHT | Tl 0 el d [sod

TEI J0I00-5 7 AU aIS s IHaqaNeIqa s

u _E@_ .............
6 )
1
i A A
neaan 7S —
duwa; |5 @Y 121 _ _.qu h___I Vxﬂ_
1

[l b

TEL

W

(b (

r-\

H’ .o
\)—o’ =
!
|’£|i
ir.
Wi
|
|

/N\:_G i:_

ABG05Z-0 Lwnomm 0 |

2
&
2

i

/ T

r

s jBachiag

P
\rE)
€]

Tl

_w.__vo

il yaediamod ; azuadfsiefiaibiy o WO+

ded0Sz-0

-|||-|uu|-u|u-|u||Em%§umao iealed _Edleeo

(D)

JuoUuEL JBpUIAD lm_m_j

SIUILIL O = A

—————

NS ue Japuiia

05+-95/08

paalasal sunljesae
aseyd Buubisip juoiuspe

ualjeyanio A uafunia puy aylay aya1a| §' 1xg | uabunyianyoy

aseydsumpnasuoy jBunysy

4BOOLE AITURLUEN NSZ/0L NGO 8YINEIYIS

00Z-2 1200 090015207
000969 1

00Z-212-00£-09001-5207
00096391

L iy
J&H05z-0

| NS0 L=l
I i)
/» 000E-0=!

E_ram_

ZAIN

) [ 4 [ g [

“INT Ivd % 40 LN 9 FHL 40 INT*F SHLHI03~H3 5345 $IHOE 1T Te INSTIEND D STINIANI00 SIHL

“HOATLHITY ITW SHN HAn NFLTYHIE S IHIEHZNH DS 53NIT ONNTIELE3 430 7T H30 4304 W3 LTWHMEZWEHT S L5139 190A 35310

4

Appendix Page 14

22.12.2016


https://upload.wikimedia.org/wikipedia/commons/f/f5/DLR_Logo.svg

hochschule mannheim é
DLR

14.3 Photo of hydraulic control unit

Drive pylon
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14.4 Technical drawing cylinder rotation
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14.5 Drive pylon
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14.5.2 Photo of drive pylon (lower part)
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Dimensions of RFHA, manufacturer Senior Flexonics (SF)
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14.7 Absolute rotary encoder

14.7.1 Datasheet absolute rotary encoder

... The Right Position |

ABSOlut enCODER EAM 58 / EAMS 58 Profibus

Optischer AhsolutWink elcodierer,
Single-tum und M ultitum mit hoher Auddzung

Codeurs optigue s gbsolies haute solition
Manotour et mutitour
Standard de Findustrie, talle 55

Optical shsolute multi-turn shatt encoder
of high resolution Indu strisl standard package size

— N e
3|07 |

\‘k F R : W\ 2"

Aufl Gsung Résolution Resolution

2 65536 Schrite/260"=16bit < 83536 mindshur=160# 2 G5536 stepstun = 15 bit

Mefibereich Gamne de mesuie Mea suring range

Single-tum Tl o Sirgle-tum

1 Urrdrebung 1 our 1tum

Multi-tum frlunlti-teir Multi-tum

2 16384 Umdrehungen = 14 bt = 16389 oo = 14 0i 2 16384 tums = 14 bit

Autbau/Vorteile GCaractrstioyoes Features/Advantages

+ Solider mechanischer Aubau + Codesrmbase + Solid meshanical construction

+ Schutzat IP 64, IP 66 + Podectkion ok 1P 63, iF 65 + Protection to |P &5, IP GG

+ ShAD- Babetronik + Ebctmmigue lncoporie WD+ SMDtechnology

+ Elektronische Justage + RAgQiFge electron g + Electroric presa

+ Prograrnrni erbar + Pregranablz + Programmabl =

+ Profibus OF + Profitues OF + Profibus OF

B estellschliissel Tableay des modélos Ordering code

Minkelcodersr Tyoe Codetrabsok Fheolute Shat Bwcoder Type

Servo-Klemmdansch Face awant Flarge type

Gergtedurchmesser Dianréde de lappared Package dameter

Are ahl der Bits b, e b Mo . of bits

Ausmabe-Code Bindr Codle Ginaie nat. Code Binany rat.

Speisesparnung Tervsor o alinemaion Power supphy woitage

Prodibis Prodibius Prodibs

Auzwa hitabelle Tabkay do g dfoction Selecting table

Are ahl der Bits b, e O Mo . of bits 12 = 12 bitsx 1tum
13=13btsx 1tum
16 = 16 bitsx 1tum
24= 11 btsx d9Gtum=s
24= 13 bitss 4096 tums
28 =16 btsx AOGtum=s
26 = 12 bitsx 16284tums
27 = 13 bitsx 16284tum=s
30= 16 biksx 16384tums

Speisespannung Tervsorn o alsemaiion Poaer supply witage 30=10.30 vOC

AEq@ngstreiber A phfcaleurde st Outpart driver PB = Profibus

AEESH31

ﬁm:mgnmzmunrsmws ¢ Shlecl o dharge
IMDUzoder Messtechnik GmbH, Postfach 12 02 98, 471732 Duisburg - Germany, Tel, 02OR5F0H-0, F 2 C2035704-20

DLR
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Technische Daten

Mechanische Warte
Drehz ahl

Drehmormert
Tragheitsmament

iellen belastung
Lebensdauer der Kugellager

G ewicht

Urngeburgsbedingungen
“Wibration

Beschleunigung
Arbeitstermnmpearatur
Lageremperatur
Lut®uchtigheit

Schutzan

Elektrische Wirte

Optisch, benihrungslos
Sender, Infarot
Empfanger
Abtastiequenz LEB
hle==gen auigheit

Speizespannung
Stromauiahme

Elektrische Anschldsse

. hochschule mannheim

Caracténstigues
tecinigles

Caractl f5 Qes meod mQues
I il sme e miation

Couple

T ent o' e

Capac#é de chamge de Faxe
Chirde de service des
rotent ents d Oiles

Poids

Conditions amtia e 5
I iradio ms

Choos

Tem pératwe de Favail
Ten pé mbeme de Sockage
Hews il oe Fair

Prode chior

Caracté st gues dlectrigues

Ciptigue, sans conot

Enre teur, inframuge
Récepteur

Frguence de balayage LS50
Era e de i e se

Tersion o @k entadion
Cor i & adion de courand

Cormotions &l tigues

Technical Data

Mecharical data
Fotational speed

Torque

homent of inertia
Shat loading
Operational life of
ball bearing=

iz ight

Erwirormental condtions

‘bration

Shoik

Operating te mperature
Storage temperatue
Amospherc humidity
Protection

Elactrical data

Optical, without contact
Tran amitter, infrared
Receiver

Scanning Fequency LSE
heasurement accuracy

Supply wltage
Power consu mption

Elz ctrical connections

5 12000 min™ (Single-tum )

i BOO0 min™ (uiubtitam )

&3 Mom

&30 g em®

40 M axial, 110 M radial

» 2x 10" h 1000 min™, E&hS 683
» 1 10*h (1000 min™, Ef 557
40 kg

100 m== (10 ... 1000 He )
300 ms? (11 ms)

-4l 55T

A0 . 4E5T

< A8%E rh.

IP 65 (EN G0523)

IP fifi o ptional

LED

Phicto- Array

800 kHz

+ ¥ LSA (12 bit)

+ 1 LSH (13 bit)

+2 LSH (16 bit)

“wioo = 100,20 wOC
100 mA e = 240

Profibus P it s Profibus
Schnittstell= Iterd ce hterf o RS 485 with aptocoupler
Taktfrequenz Feguence de balaage Fraquern oy max. 12 hiBaud
Masshild Enconthrement Outline drawing i
>0 a o
EAMSEB -
1 -
fl i # l
L 20 [
J_
EAMS 58 s

1

L}

=

©
a1 :Ja..:.-

a5

LS
T‘
.

a = 76 mm for Single-tum, 26 mm for bulti-tum

Copyright & 2003 IMDI coder Messtechnik GmbH, alle Rechte vorbehaten f tons omits réservés [ all nghts reserved

DLR
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14.7.2 Absolute rotary encoder measurement tolerance

Manufacturer: INDUcoder
Type: EAM58PB

i DLR

The absolute rotary encoder is used to measure the translation angle theta (6).

Resolution rotary encoder: Ry

360°

0= W = 000549 W2

Tolerance of the rotary encoder: uy

ug 2 *+ 2 LSB (from Datasheet, see 14.7.1)

Ug = i 2 Rg
ug= +0.011°
22.12.2016 Appendix Page 14-14
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14.8

Inductive limit switch

14.8.1 Inductive limit switch datasheet

BES M12MI-POC40B-504G

BES005M
- M1
_ | 1
= 17
1
1
H
LED
=] - M1
)
=z
=
o
Electrical data:
Lhilization category
Hyete nesiz mas H)

Cif-state cument max [Ir]
Ripple rrac. of Lk

‘Woltage drop mas static
Supply waltage rmas [Ub)
Connection

Tirme delay before zvailabilit
Modoad supply curment darmped
Switching ourtpurt

Sup ply wattage min. (k]

Load cument capacity 2]
Fated operational volzge L)
Elecmicaltype

Modoad supply current undannped
Switching elernent fundion
Operzting frequency ]

Mechanic al data:
Tighite ning torque
louriting

Dlegree of polution

Sensing face matenal
Fate d operzting dismnce [=n]
Feapeat scoumcy s, [F]
Diarneter

Azaired opersting dismnce
Houzing material
Murnber of YWires
Arnbient b2 riperatune rmEx
Arnbient he rnperature min

www.balluff.com
Balluff Europe: +4271582 172
Balluff USA:  1-800-54 3-833

oC 1z
154
20ph
=15 %
2EN
v
Connector S4 12)
ms
=15mh
PP
12z
200 rnd
2400C Y
oc

15 ma
rC

300 Hz

16 M

fluzh mourtable
3

LCP

4rnrn

5H

Mt 221 mrn
0.3.2mm
CuZn, nideel plated
3-wire

+0 T

2612

-0
=1

Balluff Asia:  +86 21-50 64 41 21

fluzh mourtable

General data:

Short cinouit proteced

Protected against polarity rewersal
Degree of protedion [P

Inzulztion class

Erand

Approval

Cuput indicstion

Wiring:
I
¢ .
|3

DLR

BALLUFF

sensors worldwide

[H
wes

IPES per B Przo
2

GlobalPros
CE.c_ulus

Online Productinformation
2010-02-11

22.12.2016

Appendix Page 14-15


https://upload.wikimedia.org/wikipedia/commons/f/f5/DLR_Logo.svg

hochschule mannheim

14.9 Magnetic scale position sensor

14.9.1 Magnetic scale position sensor measurement system tolerance

Circumference: ¢ = 500 mm

Resolution of PMIS3 POSIMAG (with ext. times 4 counting mode) R4 -
Rgigic = Sum ; 1digit £5pum

Resolution in of rotation angle R, :

Rdigit 360° 5 um-360°
R, = -4t = 2t = 0.0036°
4 c 500 mm

Tolerance based on linearity sensor with mag. scale PMIB3 u;;, :

Ujin 2 £15um £ 40 pm/m (see 14.9.2)

__ 15um £+ 40 um/m

Upin = ' R(o = 10.0108° £+ 0.004 % of the measured value

Raigit
Tolerance based on repeat precision of sensor with mag. scale PMIB3 u,, :
u, & + 1digit (see 14.9.2)

4
. .. 0.0036° o
up = * 1digit ->-== = +0.0036

Worst case estimation of rotation angle measurement system tolerance u,,:

Uy = Ugn + Uy
Uy = + (0.0108° + 0.004 % of the measured value + 0-0036°)

Uy = t+ (0-0140 + 0.004 % of the measured Value)

i DLR

22.12.2016 Appendix Page 14-16
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14.9.2 Magnetic scale position sensor datasheet

Selected pages of the PMIS3 POSIMAG Magnetic Scale Position Sensor

PMIS3 POSIMAG®
Magnetic Scale Position Sensor ASM

Very compact sensor for industrial applicakions
Sensor head PMIS3

= Mon-contact, ho wear

* High wvelocity

= Robust shielded metal enclosure

= Protection class IPG7

* Incremental encoder output AB/Z

= Sighal processing as usual with encoders
* Reference pulse and end position signal

= Indicator for velocity/position emmors

A POSIM AT measuring sydem consigs ofthe (1111
=zenzor head PMIS3 and the magnetic sssle PMIB3
with the same magnetic perod.

Output Inzremental encoder output AYB with differential
Specifications pushepull output, TTLR 5422 ar HTL comp atible

E:xcitation waltage 0 ... 20WDEC or SWDC £5 %

Exccitation current A0 ms to 300 mé, depending on pulse frequenay,

cable length and load

hagnetic period of the sersar 2 mm 5 mm

Guided spacing batween sensor and mag. sede (x ) 0.1 .. 08 mm 0.1 .. 2 mm

Side tradiing tolerance of the zensor +1 mm +1 mm

Linearty (sensor with mag . scale PR4IB3) 15 pm £ 490 pmém 30 pm + 40 pmdm

Fiepeata bil ity + 1 digit + 1 digit

Resolution with ext. imes 4 counting mode ] il 10 & a0 o 25 &0 125

hdax. welocity with fp=50 kHz mis] oz 16 3z 8 15 4 =] 20

(20 kHz:x0.4; 10 kHe: x02)

Order code PMIS3 [Fzz | —[ |- ][ Jwne—[ ]—[ ]-[ Iw—[ ]

bods name

Magretic period

20=2 mm/50="5 mm

Resolution [inpm]with times 4 counting mode
Mag. period 2 mme: 54107 20/ 80

Mag. period S mme A0/ 25/ 507 125

btz pul == f requency [in kHz, stand=ard 80 kHz)

S0/20/ 10

Output

HTL = HTL outputwith excitation 24 WDE, output 2470

TTL = TTL output with excitation 5 WD C, output TTL/R 5422
TTL24S = TTL output with excitation 24D, output TTLAO med
Reference pusefend position sigral/ staus signal

20 = AB wwo reference pukse fZ9 = A8 with reference pulse £
2 = A8 with end position signal/ *223 = A8 with reference pulse

and status signal
[ Option £3 anby for non-diferential output, zingle ended)
Cable length (in m, standard 2 m)

Connection
5 = Cable output, open end
F i P15 = SUB-D connector at the cable end: P =19 pins; P15 =15 pin=

Order example: PMIS3 - 50 - 25 - 50KHZ - HTL - 71-2M - S

G CAT-PM-EO4 AS N SmbH
Tel: 081230850 Fao 08123835500 wamn 35 mes ens or.com
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PMIS3 POSIMAG®
Magnetic Scale Position Sensor

ASM

Specifications

Max. puke frequenay fp
Outputs

frontinued)

Material of enclosure
Electrical connedion

S0k Hz, 20 kHz, 10 kHz (standard 50 kH=z)

A A, BB, reference puke Z, Z, end position
=zignal E, E, status signal ERR

Zinc die casting

Cable 8 wire, @5 mm, open cable end,

9 pin SUB-D connector atthe cable end as option.
bz, length of the integrated £ ars or cable for
TTL 3 m HTLTTLZS: 20 m

DLR

Wieight (o cable and connector) A+5g

Protection o azs (EN G05227) |FSF

Enwironmental
Shock EN 60055-2-27:1983, 50 g6 ms, 100 shodis
Wibration EN 60055-2-6:1985, 20 g, 10-2000 Hz, 10 cydes
EMC DIM EMG1325
Temperature -0 H2EEC

The subsequent counting device must be able to process the specified maximum puke fre quenoy
ofthe sensor.

VAN

S aturation woltage UH, UL=0,2W =10 ma (UH=UB-U_3
Output signals UH, UL=04Y Ly =30 mA
Co # 10nF
Shart circuit current I15L, ISH < 200 m (UH, UL=0Ww)
ISL, I5H <90 mA (UH, UL=15)

Rize time t. 4 =200ns with cable length 1 m, 10 % ... 90 %

Lo=dicable lengh Loadtbul == frequency fp

Pulse frequency in

HTL single ended TTLRS422 diff erentid = TTL24 W
dependence on LB =24y UB=5W* LB =29
the cable length Maz. output current a0 mA a0 mA 10 mA

Ry, min. 000 00 O 00 O
Cpq M. A0 nF 10 nF 1nF
200m 15kHz — —

100 m 25kHz 00 kH=z —

S0 m S0 kHz M0 kH=z S0 kH=
10m A0 kH=z A0 kH=z 100 kH=z

* = consider the voltage loss of the cable; the excitation voltage 5 + 5% of the sensor must be
quararteed.

Mote: For longer distances (see specfication abowve) you must use min. 0.5 mre wire for , Excitatior+"
and , Excitation GNE" (see signal wiring nex page), all signal wires must be min. 0,14 mme?!

Qutline drawing & 17 4

25

Acthie measurement range

~ Reference mark
Pozition tolerance of the acthee i

measurement range: d<=+1 mm /

4 a7 /
~ x} % \

-‘ |
a5 Dimersions informative only. For guarare
teed dimernsiors consult factony.
42
ASM GmbH CAT-Pht E04 T
Tel: 31230860 Fzo 02122025500 vwon 35S ens or.com
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PMIS3 POSIMAG® ’
Magnetic Scale Position Sensor
Output signals L
i
Option Z1 A 5
{Reference pulse) —
B | |
| i
Z
I
Option 72
(End position VU U UL UL
signal UL LU LLLLLLL
+1 mm, s position independ ent from A,B
( End position mark
N
p
Sgna name Opeen cable end Conn. SUB-O,
i Cable colour Spin
Sl.g.nal Option £0 Fal Iz e pinno.
wiring [
connection Excitation + white 1
Excitation GHD (0] ko 5
B B B B gresn 2
A, A, A, A, el o 3
B B B ERR grey 7
A a A = finik B
- il E il klue 4
= z E = red g
Shield hlack g9
< = reference pulkse
E = end position signal
ERR =status signal, periodical approe. 16 Hz, for side tracking and wvelocity errors
" =z=tatus signal ERR available onbywith HTL(zingle ended) output
20 1 ;
_ \o o' ¢ o' o
G \ UE U? G'?l Q'BI..I
J
—
I
Cable output dimensions Connector SUE-D(Pin)
Wigny to connectar pins
g CAT-Pht-E-04 AS M GmbH

Tel.: 08230260 F 2o 081 23826500

g 35 Mes ens or.com
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PMIB3 POSIMAGY
Magnetic Scale

ASM

Magnetic scale PMIB 3 for Position Sensor PMIS3

« Easy splicing

+ Resistant to moisture and many flids

+ Extensive ruggedness again st dust etc.
+ High temperature durahility

+« Magnetic scale wath stainless steel hase

The magnetic material iz magnetized in defined and even dis-
tances and work s as & solid measure. Reference marks can be
user defined ind mmresp. 10 mm steps. The magnetic scale
retainz itz firmness by means of a spring steel base (stainless
steel drip CrMi 17 T

DLR

Solid measura

Plastic bonded fleible permanent magnet

Specifications Base material Stainless steel Crhi 17 7 / dastorner
Masking tape Stainless steel(non magnetic)
Meas ure ment ran ges eqg 100 .. 2500 mm{up to 50 m on request
ridth A0 mm -+ mms -0.2 mm
Thicknezs (af'o masking tape) 1.4 mm+H11 mm/-0.2 mm
Thickness (with masking tape) 1.6 mm+14 mm/-0.2 mm
hdagnetic periad 2 mm S mm
Linearity at 25°C upto3 m +40 prmém 0 pmém
uptoSdm 20 pmém 20 pmém
Reference mark (reference pulss) ma<. ewerny < mim ma<. eveny 10 mm
Measurement range must be divisible by 4 must be divisible by 10
Linearthermal expansion coefficie nt AT A0 K
Operating temp erature -0 . +100°C
An unmagnetic masking tape made of stainless steel & available { accessaries). The magnetic scale i
flexible and can be glued to the surface of 3 eylinder with a minimum radivs of 100 mm and used for
angular measurements.
raorn
Order code PMIB3 _ - _l___“._ 4 L4
Mtodel name
MmEgretic period
20=2 mm /S50 =5 mm
Mouriting of the magnetic scale
M = adhesive taping
Mez=urement range [tota length = range + ¥ mm, referto the table on page 10)
e.g. 100, 500, 1000 ... 2500 mm {up to 50 mon requesf)
Mz asurement rangas must be divisible by & (resp. by 100
Reference marksfend position mar ks [optional)
R1 = reference mar onthe left/ R2Z = onthe right
E1 = end position mare on the let FEZ2 = on the right
Addiional reference marks everyd mmiperiod 2 mm) resp. 10 mm (period § mm) fom the left
Option=s
FF = magneticscale inflat profile
HF = magneticscale in high profile
AB = masking tap e {onhy with FP + HF)
Order example: PMIB3 - 50 - N - 1500 - R1
ASh GmbH CAT-Pht B0 a
Tel: 081238860 F a« 0812230086500  waannl 35 MrS @Ns OL.COM
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DLR

PMIS3/PMIB3 POSIMAG®
Magnetic Scale

Position of the
ERR

standard l
reference
marks Z r

Total length B

Suvitching position A

Magnetic period

Dimensions
2 mm

reference

5 mm
2 mm uuith high profile

S mm vuith high profile

20021 mm

B0.0+1 mm

meaasurement range + 40 mm

measurement range + 120 mm

Additional reference marks every 4 mmiperiod 2 mm) rezp. 10 mm (period 5 mm) from the lefth. =,

Position of the
end position

marks

Total length B

Dimensions
end positions

10

CAT-Pht-E-04

Magnetic period

2 mm

5 mm
2 mmvuith high profile

5 mm uwwith high profile

Sitching pos tion A
21.01 mm
22521 mm
51.0 1 mm
g2.5+1 mm

Tel.: 021 23/886-0  F < OB123026-500 v a5 mes ensor.com

meaasurement range + 50 mm
measurement range + 50 mm
measurement range + 120 mm
measurement range + 120 mm

A5 EmbH
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14.10 Technical data S7 FM-350 counter module

11.2 Technical data

Technical specifications of FM 350-1

DLR

Dimensions and waigh:

Dimensions W xH x D (mm)

40% 125 x 120

Weight

approx. 250 g

Ct.rram w@a and power

Current consumption (from backplane bus) max. 160 ma

Paower loss typically 4.5W

Auiliary voltage 1L+ for the encoder supply 24 % DC (permissible range: 2004 % to 28.8Y)
Fewverse polarity protection Yes

Encoder supply

¢+ Cument consumption at 1L+ (nodoad) max 20 ma
+  Encoder supply 24 W

- 1L+ 3

—  max. 400 mA, short circuit-proof
+  Encodersupply 5.2

- 2%z 2%

— max. 300 mA, short crcuit-proof

+  Pemissible potertial difference between the input
(ground) and central grounding bushar of the CPL: 1Y
DC

Auxiliary voltage 2L+ for the load power supply

24 DC (pemissible range: 204V 1o 28.8Y)

Rewverse polarity protection Yes

| Digital inputs

Low level -0 to+8Y
High level +11% to +30%
Input currert typically 8 ma,

Minimum pulse width (max. input frequency)

=258 (200 kHz), = 25 s (20 kHz)

{programm ahle)

Input frequency and cable length of asymmetrical encoders
(count or digital inputs)

Max. 200 kHz at 20 m length of the cable, shielded

Input frequency and cable length of asymmetrical encoders
[count or digital inputs)

Max. 20 kHz at 100 m length of the cable, shielded

184

Fh 350-1 Counter module
Manual, 082011, ASED36486358-01

22.12.2016
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| Digitel outputs

Supply voltage 2L+ 7 2m

Electrical isolation Yes, against all other circuits, except digital inputs
Output voltage

+  High signal "1" min. 2L+ -1.3%

+  Low signal "0" max. 34

Switching current

+  Ratedwvalue 08 A

+ Range Smato0.6A

Fisetime max. 300 us

Shut-off vaoltage (inductive) limitedto ZL+ - (45 10 559V)

short circuit-proof Yes

-V countinpLts

Level to R5422

Terminating resistor approx. 220 Ohms

Differential input voltage min. 1.3 %

baximum count frequency 500 kHz

Electrical isolation to 57-300 bus o

Input frequency and cable length of symmetrical 5 max. 900 kHz at 32 m length of the cable, shielded
incremental encoder

Input frequency and cable length of symmetrical 24- max. 900 kHz at 100 m length of the cable, shielded
incremental encoder

24-V court inputs

Lowy level -0 W o +5 Y

High level +11 W to+30 W

[nput current typicalty 8 mA

Minirmum pulse width (max. count frequency) & 2.5 ps (200 kHz), = 28 ps (20 kHz) (assignable)
Electrical isolation to 57-300 bus Mo

Input frequency and cable length of asymmetrical encoders | Max. 200 kHz at 20 m length of the cable, shielded
{court or digital inputs)

Input frequency and cable length of asymmetrical encoders | Max. 20 kHz at 100 m length of the cable, shielded
{court or digital inputs)

Fht 350-1 Counter module
tlanual, 0552011, ASE03G48639-01 184
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14.11 PSA tag nomenclature

GRUPO DE INSTRUMENTACION ¥ DATOS, i&D

Nomenclatura de la INSTRUMENTACION a seguir en los proyectos de la PSA

Sesipue en lo pasihle la NORMA ANSI/ISA=5.1-1984 [R1992}

El TAG serd la definicidn normalizada del nombre asignado a un instrumento, sefal, dato o variahle y

estard compuesta por diferentes conceptos separados por gulones. Todaos ellos podrdn ser empleados o
no segin criterios establecidos en el proyecto.

TAG = Descriptor - area - nimero - ext - equipo - accion - ruta

Descriptor. Describe la funcicnalidad v el tipo de sefial fvarfable/instrumento segtin céddigos 1SA recogidos en
las taklas adjuntas (hasta un méxime de & letras)
& Emplearemes como primera letra <first letter fme asured Evariakles

P- presidn fvaclo E- Voltaj eftensidn

T-temperatura | = Intensidad

F- caudal/flujo J- Potencia

L- nivel W-Vibracidn

D-densidad H- manual

R-radiacidn A-andlisis

W- peso/fuerzs B- combustidn

Z- posicidn fdireceidn U- multivariakle/caleulosf

S-veloridad ffrecue neia C D G N M O ctros a eleceidh del usuario
Y- estado/eventopresencia (humedad, precipitacitn, impedancia,
k- tiempoe/hora ronductividad, volumen, densidad,..)

*  Emplearemos como segunda letra <modifiers

D-diferencial

O- Totalizad or

K-componente A, directa (radiacidn solar), ejefdireccidn X
¥-compenente B, glokal (radiacidn solar], eje/direccidn ¥
Z-compoenente C, difusa (radiacidn solar], eje/direceidn 2

& Emplearemes comotercers letra <Readoutfpasive funetion »
A lentradas digitales) para alarmas, fallos, mal funciones..

E lentradas analdgicas) para elemento, sensor primario (termopares, PT100, NTC, termopilas.. |
I Indicador local

G Indicador de vidrio

Lindicader luminoso

W termopozo

O plava de orificio, restriceidn

*  Emplearemos como cuarta letra <output function= | as siguientes:
S5 (entradasdigitales] para estados, interruptores,

¥ [salidas digitales) para drdenes, activacidn relés/contactores, .
T lentradas analdgicas), transmisor (ma, V...

M (variables transmitidas por wireless)

C (salidas analdgicas) control, punto de consigna,

K ivariables procedentes de otros sistermas de control o DAS)
Vvialvula

£Actuador, driver
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Table 1 — Identification Letters
FIRST-LETTER (4) SUCCEEDING-LETTERS (3)
MEASURED OR READOUT OR
INITIATING PASSIVE
VARIABLE MODIFIER FUNCTION QUTPUT FUNCTION MODIFIER
A | Analysis (5,19) Alarm
B | Bumer, Combustion User's Choice (1) User's Choice (1) User's Choice (1)
C | Users Choice (1) Control (13)
D | Users Choice (1) Differential (4)
E Voltage Sensor (Primary
Element)
F | Flow Rate Ratio (Fraction) (4)
User's Choice (1) Gilass, viewing
Deavice (9)
H |Hand High (7, 15, 16)
I | Curent (Electrical) Indicate (10}
Power Scan (T)
K | Time, Time Schedule ;I';m;‘?nie of Change Control Station (22)
L Lewvel Light (11} Low (7, 15, 16)
M | User's Choice (1) Momentary (4) Middie,
Intermediate (7,15)
N | User's Choice (1) User's Choice (1) User's Choice (1) User's Choice (1)
User's Choice (1) Orifice, Restriction
P Pressure, Vacuum Point (Test)
Connection
Q ﬁ Integrate, Totalize (4)
R | Radiation Record (17)
S | Speed, Frequency Safety (8) Switch (13)
T | Temperature Transmit (18)
U | Multivariable (6) Multifunction (12) Multifunction (12) Multifunction (12)
V | vibration, Mechanical Valve, Damper,
Analysis (19) Louver (13)
W | Weight, Force well
% | Unclassified (2) X Axis Unclassified (2) Unclassified (2) Unclassified (2)
¥ | Event, State or Y Axis Relay, Compute,
Presence (20) Convert (13, 14, 18)
Z | Position, Dimension | Z Axis Driver, Actuator,
Unclassified Final
Control Element
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EJEMPLOS DE TAG:

+  Fntradas digitales/estados operativosfvariablzs hooleanas de entrada finstrumentos DI

PSH-HTF-205. Instrumento Presostato de alta del &rea HTF ndmero 205 del drea HTF

LISLL-BP-DO1. Instruments indicador con interruptor de muy bajo nivel n2 001 del drea BOP

YA-BP-FAD1. Estadn de alarma del aern EADL situado en drea BOP

¥5BP-HTRO1-on. Confirmacidn de marcha del calentador HTROL en drea BOP

Y K-BP-FEVOO1-Ic-Sm. Estadoe local de lavalvula de control de flujo FCWVOOL situada en drea BOP v transmitida
porlines serie/modbus por un equipo remoto

ZEL-BP-PCVD19-Sm. Posicitn limite rerrada de wélvula de eontrel de presidn PCVDLY situada en BOP v
transmitida por nea serie/modbus por un equipo remeto

EAKH-BP-POZ-5m. Alarma de sobretensidn de la bomba POZ situada en el drea BOP y transmitida por Inea
seriefmodbus por un equipn remoto

FAKH-BP-FTODF-wkP. Alarma de alte caudal generada por el PLE procedente del equipo FTO07 situade en el
drea BOP wia wireless,

«  Salidas digitalesfordenssfcomandas/variables hoaleanas de salida

NY-BP-PO1-an. Orden de marcha cableada ala bomba POL situada en drea BOP

NK-BP-EADZ-rs-P. Orden de reset desde gl sistema de control al aero EADZ situado en drea BOP
TIC-BP-EAD1-m_on-P. Orden de mando |local del PID desde el sistema de control del aero BADL situado en
drea BOP

NY-SFS-LE8S9-5t, Orden digital cableada de Abatimiento del colector 89 del campo SUr,

«  Fntradas analdgicas/variables/instrumentos de medida Al

TE-5F5-101-F. Instrumento y elementn de temperatura del drea SFS ndmeros 101 (eross section] elemento F
FT-BP-DO7-mf. Caudal masice del instrumentoe transmisor 007 del drea BOP (sefial cakleada 4-2 0ma)
UT-BP-001-d

RXE-BP-401. Instrumento Pirhelidmetre de radiacidn solar direeta situado en drea BOP
ZOK-BP-FOVDO1-cl-Sm. Contador ndmers de maniokras contactor de cierre de g vélvula FYCLOD situada en
Area BOP v transmitida por fnea serie /modbus

UK-BP-FT01 F-mx-P. Lectura de la Pendiente mx en sistema de eontrol para el escalado de la sefial de caudal
delinstrumentn FTOO7 situado en drea BOP

JOK-BP-PO1-ac-Sm. Energla activa consumida por la bomba POL situada en el drea BOP v transmitida por
[The s serie/modbus

RXK-BP-MET-wkSm. Radiarcitn solar directa via wireless procedente de |a estacidn MET del &rea BOP
transmitida por Ihea serie Meodkus

ZK-S5F5-LC901-pos-Sm. Posicién angular de celector 901 del campe sclar Sur transmitida por llnea
serie/Modbus

UK-5FS-LC9e-dz-Sm. Calculn de la distancia zenital del vertor selar realizada por el eelecter LG99 del campo
solar SUR transmitida por nea serig/modbus

Transmisoresfinstrumentos de campo:

FN-BP-DOT-vf-Sm. Caudal velumétricn del transmisor wireless multivariable 007 del drea BOP transmitida
porlines serie/modbus

FN-BP-O07-d-5m o DE-BP-FTOO7-wkSm. Valor de densidad ealeulada por un equipe remoto FTO07 del &rea
BOP transmitida vwiz wireless por [Inea serie/modbus

«  Salidas analdgicasfvariables/comandosfpuntos de consigna

SC-BP-AEO1. Consigha de veloeidad del ventilador del EADL situado en Area BOP
UK-BP-FTO1 7-mx-P. Escritura en sistema de control de la Pendiente mx para & escalade de la sefial de
caudal del instrumento FTO07 situade en drea BOP
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TIC-BP-EAD1-tHP. Escritura en sistema de contrel del Tiempe integral del laze PID del aree BADL situade en
drea BOP

DEFINICION DE TAG EN LOS PROYECTOS DE LA PSA

* Sefiales /variables fisicas 1/O & instrumentos:

DI: DIGITAL INPUTS

PSH, PSL, PSHH, PSLL, P15, presostatos

PDSH, PDSL, PDSHH, PDSLL, PIDS, presidn difereneial

TSH, TsL, TeHH, T5LL, TI5, termostatos

LSH, L5L, LSHL, LSLL, interruptores de nivel

FSH, FSL, FSHH, FSLL, interruptores de caudal

Z5H, 251, ZSHH, Z5LL, finales de carrera, interruptores de posicién
EA, EAH, EAL, disparns, proteceiones el detricas, térmicos. .

¥5, ¥YSH, YsL, estados operatives (ONSOFF, LOCAL/RENOTO, ESTADOS COLECTOR, .
YA, YAH, YAL estados de alarma (FALLD, DISPARC, ALARNA, )
HS, HA, interru ptor manual

DO: DIGITAL OUTPUTS

¥Y, ¥YH, YYL —equipo-cocicn = Orden a reléfsolennidefedlvula

MY, MYH, NYL—egeipoocoidn = Orden a equipo o controlador (kombas, variaderes de frecuencia, actuad ores
walvulas, motores, aerns, calefactores, controles |orales helidstatos/captadores,

Eqerino: verlista abajo

Accidh: Ver lista abajo

Al: ANALDG INPUTS [0-20ma, 4-20ma, 0- 10V, 0-10mV...}

FT, PIT, PE, PCT, PDIT, elementos v transmisores de presidn

TT, TIT. TE, TDE, TOT, elementnsy transmisores de tem paratura

FT.FIT, FE, elementns vy transmiscres de raudal

LT, UT, transmisores de nivel

RT, RE, RXT. R¥T, RZT. RXE, RYE, RZE transmisores v elementos de radiacidn (radidmetrns, pirandmetros,
pirhelidmetros, ..

ST, SIT. SE, elementosy transmiseres de velocidad y frecuencia {anemdmetros, motores,... |

ZT, ZIT, ZE, elementns y transmiseres de posicdn (veletas, valvulas,. )

IT.IT. IE, elementos y transmisores de potencia eléctrica,

10T, IQIT, transmisores de energla

ET, EIT, EE, elementes y transmisores de veltaje

IT. IT, IE, elementns y transmisores de intensidad

KT, KIT, KE, elementos v transmisores de tiempo (relojes, cronoes, calendario. )

YT, WIT. ¥E, elementosy transmisores de vilraciones

WT, WIT, WDT, WE, elementos y transmisores de peso y filerza (probetas y galgas extensiométricas)

AT, AIT, AE, elementos v transmisores de andlisis (ph, redox, cromatograffa,..)

C, D G, M, M, O letras likbres por el usuarie (humedad, precipitacidn, impedancia cenductividad,
densidad,..)

AD: ANALDG DUTPUTS [0-20maA, 4-20mA, 0-10V ...}
ZC-etripe -= control de posicidn (posicionad ores, artuadores vilvolas,. )
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SC-equipo -» control de velocidad/frecuencia (variadores de frecuencia motores,...)
1C-equipa -= control de potendia/consumo {calefactores eléctricos,...)

EC-equipo -» control de tensidn

|C-equipe -= control de intensidad

MNC-equipo == control o otros equipos (controlodores, set point, drivers,..)

Faulpo: wer lista abajo

® Indicacidn local:

TI, TG, termametros

Pl, POl mandmetros

FI, FG, indicadores de caudal, rotametros de cristal
LI, L5, indicadores de nivel, nivel de cristal

e Variables no fisicas 1/0O:

Estas variables no proceden de instrumentos fisicos v son gestionadas por otros sistemas de confrol o
edquipos remotos gue intercambian informacién,

Son generadas/intercambiadas/recepcionadas por sistermas U otros equipos comunicados con &l sistermna de
control/SCADA del proyecto, Las vias de comunicaddn para el intercambic de esta irformacién puede ser
por linea serie (RS232, R5422, RS485,...) u otras medios fisicos como Ethernet, wireless,...

Los datos seran intercambiados bajo los protocolos mas empleados en la PSA como son: Modbus, Ethernet,
wiraless HART, OPC,...

Erel descriptor serd empleada la letra K como <output function= para indicar que procede de un sisterna de
control diferente o de un equipo remoto autdénomeoe,
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Equipos, componentes:

ZZ posicionadores, actuadores valvulas

57 servos, drivers, variadores de frecuencia motores
TW, termopozo, poceto

FO, placa de orificio

Hv, valvula manual

PSV, valvula de seguridad

PCV, vélvula de control de presién

TCV, valvula de control de temperatura

FCV, valvula de control de flujo

CV, valvula de control

PIC, TIC, FIC, |azos de control PID

TK, tangues, depdsitos

EA, intercambiadores, refrigeradores, aeros

HTR, calentadores, calderas

P, bombas

M, motores

EG, Generador eléctrico {Generador de emergencia, grupo electrégeno, diésel,...)
UPS, sistema de alimentacion ininterrupida

LVSB, Cuadro de distribucion de Baja tension (Low Voltage SwitchBoard)
CB, cuadro de control

EB, cuadro de distribucidn eléctrica

NA, Analizador de redes eléctricas, {Network analyzer)
PLC, autdématas/controladores

SLC, Controles locales de Helidstatos/captadores

SCC, Control Central de Helidstatos/Captadores

GW, Gateway wireless

GS, Estacion de gases (N2, air, O,...)

WTP, Planta de tratamiento de agua

MET, Estacién Meteoroldgica
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Actuacidnfestados operativos de equipos:
o= marcha,

off= paro,

rs= reset,

op= open/abie o,
tl= clesefrerrado
st= parado,

mu= manual,

le= leral,

FT = remnte,
Ir=lecalfremoto
ctr= eontrol

Actuacidnfestados operativos de calectores solares:

st= stowwfabatimiento,
tr=track/seguimiento,
de= desteer/desfase,
le= mando loeal

M= posicidn manual

Infarmacidn adicional de variables de colectores

pos= posicidn angular

emd= consigna angular

dz= distancia zenital
Infarmacidn adicional de variahlzs
fiy= frecuencia,

sp= veloreid ad

ds= densidad

mf=raudal masico

mx= pendiente eseala (y=mx+n)
h=términe independiente escala
avg= media,

Max= maxima,

min= mlnima,

Brl= Booleana,

Int=entera,

Real= real,

Infarmacidn adicional de variables eléctricas:

in=entrada,
out=salida,

main= principal,

iUPS= entrada sai,
olUPS= salida sai

ar= artiva,

re= reactiva,

ap= aparente
pl=fasel,

pln= fase 1y neuto,
p23=fases 1y 2,

pf = fartor de potencia,
Infarmacidn adicional de procedencia
pu =pumpfbomba,

DLR
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hat= bateria,

inv= inversor,

gen= generador,

byp= Bypass,

fan =ventilador,
com=comunicaciones,
wl= wireless

op= fibra dptica

Ruta

W. wired/cableado {por defecto)

WL. Wireless/finaldmbrico

S. Serie {(RS232, RS422, RS485, Modbus, CAN, profibus,...)
{Sm = serial Modbus, Sp= serial profibus, Sc= serial Can...)
H. HART

L. LAN

Q. 0PC

F. fibra dptica

P. PLC/DAS

14.12 Signal list

In the following an extract of the signal list is presented. Some cells are hidden to allow a
readable presentation in the A4 format
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A ] F £ H [ =] z A AD AE AF
53 [tz Charnel Fange
=N tag type dezcription t;rge electrical cc?;lpn-;;r:eord cable type n-:mel:ﬁsc'?aiure Modde | Adress

4

5 1 HTF circuit _absolute presaure suction side absolute A 420 med PLC two wire PE-HTF-01-wif Fi Al 400

[ 2 HTF circuit  absolute presaure preszure side absolute A 420 me PLC T wine PE-HTF-02-ulrf 7 I

7 3 HTF circuit temperature rmator, HT F pump A SFDVASCE00 duire [T-HT F-01-y

8 4 HTF circuit temperature Bearing, HTF purmp 1 1100 T2, 4 wir L! duwire [T-HT F-Ci2- i a JELN

F] 5 HTF circuit temperature lubricating oil, HT F pump A PLC 4 wire [T-HT F-03- ] A 356

a0 G HTF circuit temperatune fluid temp. heater outlet Al 420 me LC < wire Tansmtter - HT F-C- i g LS

11 ¢ HTF circut temperature tube surtace terrp. heater 1 Al m PLL 2uire TT-HT F-L3- i} L EES

12 HTF zircuit temperatre tube surce temp. heater Al m’ PLC wire TT-HTF-06-uy ] Al 3G

13 9 HTF circuit temperatune tube surtace termp. heater 2 Al m' FLC 2wire TT-HT F-07-f & A aan

14 10 HTF circuit temperature tube surace temp. heater 4 1 ' PLC 2wire [T-HT F-0iE- il ] AL3a0

15 1 HTF circuit temperature tube surace temp. heater 5 A m' PLC Zwire IT-HT F-09-n 5 Al 392

16 2 HTF circuit temperature tube surface termp . heater § A m" PLC Zuwire [T-HTF-10-u ] Al 394

17 3 HTF circuit Pl &r power heater 1 ][] WOC FLC T - [ 00 140

13 4 HTF circuit Pl &r power heater 2 u[u] WOC FLC 9 oo 141

14 5 HTF circuit oy er power heater 3 u]u] OO PLC g Do 142

X 6 HTF circuit Pl &r power hegter 4 ][] WOC PLC ] Qo 143

i} ¥ HTF circuit POl &r power heater s u]u] W OO FLC - 2 Do 144

22 1% HTF oircuit po er power heater B i} “OC PLC E%-HTF-06- ] 02 145

23 19 HTF circut  differertial pressure  onice plate diferential pressure Al 420 md LC 2uire HTF-03-uf Al 404

24 0 HTF circut_abenlte prezsure absolte prezsune test @ty oumet Al 420 me FLC uire PE-HTF-04 T Al G

=

26

T I3 knematics  mobtiaxis load cell  forceforque REPA Mo, 2 westtop USH  -5% (output G card/Panel PI o poliges cable

= kinematic:s

A

)

3

32

33

e

]

35

EZ linematics temperature emperature mutl orce west top 3.1 Al 1000 Ohm PLC TT-HTF-11-y 4 Al 360

E_1d4  hnematcs temparatun: temperatune multi force westtop ity Al 1oun Chm PLL TT-HTF-12-u o el

= linematics

40 kinematic=s

a1 nematics.

42 nematics

LE) nematics

44 nematics.

a5 M HTF circuit absolte pressure absolute pressure, M2 tubing Al 420 me PLC Zwire PE-HTF-05-ulr 7 Al 40

46 30

A7 31 HTF circuit lewiel switch el awitch expansion wessel (botton i]] 26 mt PLC 2wire Fe HTF-03- i 15 (] EX]

48 32 HTF circuit temperature Tiperatune expansion vessel 1 liqui Al - 30 mA LC < wire ransmitter  TT-HT F-15- ] Al 4E

a9 33 HTF circuit temperature zmperature expansion wessel 2igas Al 4- 20 mA LC 4 wire ransmitterTT-HTF-16-10 ] Al 420

50 4 HTF circut Pozon =t value valwe Al - F0mA LC 4 wire ransmter ZC-HTF-01-40 L AL G

51 4 HTF circuit Pasrion =t value valwe Al - F0mA PLC < wire ranamiter £C-HTF-02-u10 17 AL G0

52 46 HTF circut Pasion walue poation 1 A - 2 mA PLL 2uire L1- HTF-15-u T EES]

53 37 HTF circut Posion vale postion & Al 4- 20 mA PLC 2uire Z1-HTF-16- T A4

54 38 HTF circuit Pastian ition walve clasad (HTF byoazs walw i 0- 24 %" PLC Zwire Z5-HTF-01-wr 5 Ols2

55 38 HTF circuit Pozition an walve opend (HTF kinematics wa 1] 0- 244 PLC Zuwire Z5-HTF-02- i A NEK]

Sa 40 nematics lirrit switch inductive sansorrotation neqative i 24 0 FLC Jwire ZS-Cho1-wr 4 DIG4

c7 4 nematics lirrit switch inductive sansor rotation positive ] 24 0% FLC Jwire ZS-CHDZ-y 4 DOIGA

S8 42 nematics pogtion miagnetic tape sensor rotation Al 24 _C counter mody Gwires used (o FT-CH -l 4 o02flihn

59 4 nematics lirrit switch nductive sensortransation negative [u] 24 0 PLC Jwire Z5-CRO4-00 14 OIGfi

B0 44 nematics. lirit switch inductive sensortransation positive 1] 08 PLC Fwire Z5-CHOS-W 14 D167

g 45 nematics rofary encoder rotary encoder -ranslation Al 420 me PLC G ire Z5-C OG- 2 A 424

B2 46 HTF circuit temperature HTF termperature purmp inlet Al 420 med, FLC 4 wire franamitter TT-HTF-17-u ] e

53 4 nematcs temparatun: Frydraulic eil temparature Al st Vineber hydraulic Tt knoun, put & w7 1-CF13-00 T ESH

51 43 lnematcs level switch hrydraulic ail lewvel O rt list Wieber hpdraulic L CHO3- 14 Ola.d

& 4 lnematcs endnet outdoor (P Ca “widen Camera Ethemet W oderdber Fnet auitch, Fam FOE

55 30 lnemates endnet outdoor [F L3 “ideo Lamera Ethemet ' oderuber B Fanel FC PFOE

67 &1 knematics byl heyock switch 1] 0-Z/ FLE H&-CI-01-nf 15 olan

& A2 nematics Signal light Ready Signal light oo 0- 24 % FLC 2 Do 135

] nematics Signal ligh Digorder Sgnal light oo 0- 244 PLC 2 VKN

70 A4 nematics rotation le push buttan rotation left i 0-24%" FLC H5-Cl-02-w L] Oi1a.1

71 55 nematics rotation Aght puszh button rotation right ] 0-24%" FLC HS-CI-03-w) & olaz

72 &6 nematics _trandation forward _push button trarelation fneard lett ] 0-24 PLC H - CI-04-0f 4 o9z

EETS nematics transation backi ard ush button translation backward gk i O-24%" PLC H5-Cl-05-w 5 Ol94

74 131 nematics relay reset safety ralay oo realy (230 1 PLC Zuwire -ESD-01-w/ a 00522

75 AR nematics  emergency switch  Emengency push button 6 piecas [u]] 0- 2 %W PLC A Cl-03- 14 OIG2

EL- ] nerna_n;cs Toke detector 4 piace ESD, when smaoke ] 23000 50 He FLC WA 10407 14 DIG.2

77 Gl nematcs =ignal hom Sounds when Aam oo L - 2O 18 [ k¥

78 f61 HTFcircut  lealage sensor lealage £ swim sersor u]] -2 PLC FA-HTF-0Z-ur 14 a1 k]

79 G HTF circut leakage sansor conrad lealage sansor ol -2 PFLC FAHTF-D2-ur 14 ol

B0 63  HTFgircut  leakage sensor conrad leakage sensor ol 0-2 PLC FA-HTF-02-ur 14 oo

21 G4 nematics S-way walwe Y1 3-way wale DO 02413 s FLC Jwire PY-CI-01-wf [ 00 560

B2 G5 nematics F-way valwe W2 F-may vahe DO 0240 @ 1.2 4 FLC Jwire P Y- CI-02-wf 2 Do 56,1

83 _fifi nematics Z-way vale W3 2way vahe DO 024012 f PLC Zwire P4 CI-0- 2 O 562

B4 A7 nematics J-w3y walwe ¥4 J-may vale DO 0240 @13 4 PLC Jwire P - CI-04-wf 3 O 56 4

85 fil nematics J-way valwe 1 S-way vahe DO D24/ (@13 £ PLC Zwire P Y- CI-04-1 2 00 565

] nematics S-way walwe ¥ Z-may valhe DO 02413 f FLC Jwire P Y- CI-06-w/ [ 00 56 6

a7 70 HTF circuit Power HTF purmp ondff(2K1-> 2017 oo 0-24%  noy Comwerter £ 1wire EY-HTF-D2-wu 12 ooAz0

28 136 nitragqen Z-m3y walwe YT Z-may vale nitrogen (vant] [u]u] 0-230 %W FLC P Y-HTF-07-ulf 18 Do 520
(8 v1 HTF circut zetpaint HTF pumo Al - 70 mA FLC S0 HT F-01-uir 16 A 50

oo 135 nrogen -y walwe i d-w @y ale nitrogen (nput oo L-230 PLL P-HTF-Li2-u 1 L 51
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A F <] H | a Z Al AD AE | AF
91 72 HTF circuit Start'Stop VED HTF pump DO 0-24% PLC EY-HTF-09-%y 168 DQ 12,7
92 118 kinematics  relative preasure e transmitter hydraulic unit translatic Al 4 -20mA PLC 2 wire PE-CI-02-W 5] Al 430
93 73 inematics kinematics CAWCCWY (reset?)WFD HTF pump [a]e] 0- 24 % PLC MY -HTF-05-4W 18 D 13.0
94 117  kinematics relative preasure e transmitter bydraulic unit rotatior Al 4 -20mA PLC 2 wire PE-CI-01-W 5] Al 428
95 74 HTF circuit ENRUN enable run (hardware enable . DO 0- 24 FLC YY-HTFE-09-W intemal  internal
96 75 HTF circu Actual valug HTF pump Al 4-20mA FLC ST-HFT-01-4V 5] Al 426
97 76 HTF circu emor HTF pump ]| 0-24% PLC W SHTFE-01-W 14 Dian
98 77 HTF circu rUnning HTF pump DI 0- 24 % PLC Y S-HTF-02-W 14 Dl 4.1
99 78 HTF circu thermnistor protection HTF pump DI 0-24% noy Converter ACS400 TS-HTF-01-WW
100 73 HTF circu kinematics 0 oil cooler pump on/off (2K2 -> 20 [a]s] 0- 24 % PLC 1 wire Ev-Cl-10- 18 D121
101 80 HTF circu kinematics On/Off travelling crane Do 0-24% FLC EY-HTF-11-4 witchin circuitiayout
10281 HTF circuit kinematics rotation onfoff (2K1-=2Q1) Do 0-24% FLC 1 wire EY-Cl-12-4 18 D2 12.3
103 82  kinematics kinematics sefpoint rotation AQ 4-20maA FLC SC-Cl-03-4 16 AL 324
104 deleted see below
105 84 NEMm atics NEmatics CWW/CCYWY Servo hMotar Do 0- 24 FLC MY-H T F-07-WY
106 85 nermatics nermatics deactivate recavery barrier DO 0-24% PLC
107 858 nematics nematics safe turn rmoment s[s] 0-24% PLC NY-HTF-08-WW
108 87  kinematics kinematics servo motor running (O5000) o] 0- 24 % PLC rS-Cl-03- 14 Ol 51
109 88  kinematics kinematics error servo motor (05001 [B]] 0- 24 % PLC rS-Cl-04-4y 14 Dl 52
110 111 kinematics kinematics nalog input servo controller +(154A0- AD +-10% PLC servo |5A0+  aint rotation (No 829
111 112 Kinematics kinematics inalog input servo contraller - [1540-  AC +-10% PLC servi | 5AD-
112 113 Kinematics nermatics rvo (digital input serva controller 17 DO 0-24% FLC wire Y -C1-03-4 18 DG 146
113 114 Kinematics nematics ligital input serva controller 2 15D01 0O 0-24% FLC wire serva 15001 fed/ ng DO ports |eft
114 115 kinematics nematics 30 senvo (pawe stage hardware en: DO 0- 24 PLC wire WY -C1-05-W 18 D 15.1
115 116 kinematics nematics |505H senvo (safe stap) [a]u] 0- 24 PLC 1 wire WY-Cl-06-intemal internal
116 89  HTF circuit nermatics translation on/off (G2 =4 02) [n]u] 0-24% PLC EY-CI-13-W 18 DQ 124
117 90 inematics nematics setpoint translation AQ 4-20mA PLC 1 wire SC-CI-02-4 16 AL 322
118 91 nematics nematics start translation VFDY) n]e] - 24 % PLC wire Z-Cl-14-4 =] Do 125
119 92 nematics nematics CMACTWY translation {WFDN Do 0- 244 PLC wire ZH-Cl-15-W 5] DO 13.2
120 93 nermatics nematics =D translation (powe stage hardwan 0O 0-24% FLC wire Y -C1-07- [} D 15.2
121 94 nermatics nematics Translation read 5] 0-24% FLC wire WE-C1-05-Y 4 DI 56
122 95 nermatics nematics stop translation o] 0-24% FLC wire WS-C1-06-Y 4 DI 54
123 96 nematics nematics reach setpoint translation D 0- 24 % PLC Wire 5-C-07-Yy 4 Dl 5.5
124 132  kinematics kinematics |1SO5SH WFD translation (safe stop) [a]e] 0- 24 % PLC wire y-C-08-4 intemal internal
125 97 inematics kinermatics Actual value translation Al PLC Wire ZT-HTF-02-W i) Al 428
126 98 HTF circuit Fower reset selectivity modul 1 Do 0-24% FPLC wire Y-HTF-09-%Y 18 D@ 13.3
127 99  HTF circu Power protection 230% contol (8F3) D 0- 24 FLC Wire ES-HTF-01-4V 4 Dl 6.1
128 100 HTF circul Power M ain Break Switch 5] 0-24% FLC wire E F-02-4y 4 oray
129 101 HTF circu PoOwer protection WFD HTFE (2F 1) D 0-24% FPLC wire F-03-vy 4 D43
130 102 HTF circu Power otection hyd oil cool pump M3 (2FE n] 0- 24 % PLC wire -0 4 Ol 44
131 103 HTF circul Power Travelling Crane Switch Onvoff o] 0-24% FLC wire ES-HTF-05-% _tch in cuirgquit layout
132 104 HTF circu Power protection servo rotation (5F 1) n] 0- 24 % PLC Wire ES-CI-06-W 4 ]
133 105 HTF circu Power protection WFD translation (4F2) 5] 0-24% PLC wire ES-CI-07-4Y 4 Ol 5.3
134 106 HTF circu Power error aws ventilator k4 (hydraulic) n] 0- 24 % PLC wire ES-HTF-08-4 4 Ol 5.7
135 107 HTF circu oW er error heater (protection) 0-24% LC wire ES-HTF-09-W 4 60
136108 HTF circul Power Errar Light*Controll voltages 5] 0-24% FLC wire ES-HTF-10-% _agramm nor arrange
137 109 EmMS EMS Emnerency Alarm ] 0-24% EMS Switch YWS-HTE-08-WY oy switch signal No.
135 110  HTF circuit Fowe reset selectivity modul 2 Do 0-24% PL wire Y-HTE- 10-%Y g DQ 134
139 133 kinematics kinernatics H senva diagnase safe stop (feedba DI 0-24% FLC wire WA-C1-05-W 5 Dl 10.0
140 134 kinematics kinermatics ‘D translation diagnose safe stop (fe Dl 0-24% PLC Wire YA-CIOENY i) DI 101
141

14.13 Example of inclinometer

Figure 39: Inclinometer [24]

¢ Inclination Range: £80° (2D) or 360° (1D)
e Accuracy: 0.1° and Resolution: 0.01°
e Analog, CANopen, J1939, RS232, DeviceNet, SSI
e Operating Temperature: -40°C to +85°C

e Protection Class up to IP69K
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