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ABSTRACT

The present project constitutes the Final Proyectttie Universidad de Valladolid in the

Mechanical Engineering Degree. The aim of the ptojs to research the effects of
component degradation in a UAV fuel system. Witis thbjective, we built a laboratory test

rig to investigate its capacity to detect and isole@ults in a representative system. The
framework of this study is the IVHM technologies,cambination of techniques from

different fields used to assess the current anddugtate of the system health.

This works includes a review of the available IVHMerature, a basic description of the
software that was used in this project and a dtaikplanation of the process to install the
components in the test rig as well as the programgroode that | created to control and
acquire data from them.

Keywords: Integrated Vehicle Health Management, Unmanned ahd&rehicle, Condition
Based Maintenance, Component Degradation, FuekByst

RESUMEN

El presente proyecto constituye el Trabajo Fin dadG de la Universidad de Valladolid en el
Grado de Ingenieria Mecéanica. El objetivo de estbajo es estudiar el efecto de la
degradacién de los componentes del sistema derdéigién de un UAV (Vehiculo Aéreo No
Tripulado). Con este fin, construimos un banco ieagos para estudiar su capacidad para
detectar y aislar diferentes modos de fallo en igterma representativo. EI dmbito del
proyecto esta incluido en el marco de las tecnatoifHM (Gestidn Integrada del Estado del
Vehiculo), una combinacion de técnicas de difeeentampos usada para evaluar el estado
presente y futuro de un sistema.

Este trabajo incluye un repaso de la literaturgatible en el campo de IVHM, una
descripcion basica del software utilizado y unalieapion detallada del proceso de
instalacion de los componentes y del codigo derprogcion creado para controlarlos y
obtener datos de ellos.

Palabras Clave Gestidn Integrada del Estado del Vehiculo, Vehi@doeo No Tripulado,
Mantenimiento Condicional, Degradacion de los Congudes, Sistema de Alimentacidn.






Integrated Vehicle Health Management

1.1 Introduction and definition:

This chapter corresponds to the task 1 in the Gaiatiram in Appendix 1.The scope of this
chapter is to summarize and interpret the curremtbilable literature on IVHM. It will be
defined what an IVHM systems is, how it differsifr@onventional vehicle design and which
are the main enabler and inhibitors of technicdl @onomic success of IVHM.

IVHM is one of the techniques which are referredat Conditioned Based Maintenance
(CBM) technologies. In these technologies mainteaas carried out when the indicators
show that equipment is going to fail or its perfamoe is deteriorating. Prompting users with
alerts, updates and granting schematic represemtatithe vehicle status can benefit them to
making conscious and aware decisions.

There is no unanimously definition of IVHM, yet nyaauthors have proposed their own
definition. An IVHM system can be generalized asyatem which possess the ability to
check, test and monitor systems for anomalies aga@esigned parameters throughout the
operational cycle. IVHM also has the ability to dant diagnostic and prognostic analysis of
the product whilst in use. This information is et processed to formulate appropriate
operation and support actions and presented tpabple who should decide and execute the
actions. Furthermore, some authors include itsitabtb mitigate failing systems by
reconfiguring the mentioned system as one of its @spects as well.
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Figure 1.1 — Operation and Structure of an IVHM system

From this definition, we can extract the conclustbat significant differences exist between
IVHM and conventional system. Information regagdirehicle condition is used to generate
reactive plans and actions instead of merely psdsgshealth data for later manipulation.
Another critical issue is the notion of integratidrhe health management system considers
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the vehicle has a whole; all the vehicle functiame merged rather than be implemented
separately.

IVHM was first conceptualized by NASA. The firstlication found was a report in 1992.
This report stated IVHM as the highest technology fresent and future NASA space
transportation systems. However, several authore kaggested that the same functions can
be found in other vehicles like helicopters, mijtground vehicles or maritime systems as
ships and submarines.

Maintenance operations benefit from reduced ocooe® of unexpected faults as the health
management system will provide early identificatimf failure precursors, while
simultaneously condition based maintenance (CBM)eigbled, which can enhance
availability, reliability and systems life. Besides) improved awareness of vehicle condition
and capabilities increase safety and the changéssion success.

Much attention is being given to the operational anpport activities that contribute a very
large proportion of the lifecycle total ownershigsts. New generations of vehicle platforms
will undergo substantial changes and will integrdistinctive technological progress to
improve in-service operations.

1.2 IVHM Strategy

‘ Subsystem-level Analysis.

[ Vehicle-level Analysis ]
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Figure 1.2 -The IVHM strategy



* Monitoring : Collection of health data from components andesys.

* Processing: Sensor data are preliminary processed to remagtet and noises and
then manipulated to extract fault features. Theshrtiques include low-pass filtering
or time synchronous averaging.

* Assessment:Detection, identification and isolation of inciptefailure conditions.
Diagnostic information is combined with historicidta to generate a stimulation of
the time to failure of components and subsytemesassgy both current and predicted
health state.

* Operation and Support Planning After the analysis, corrective actions and
planning must be taken in case of being necessary.

1.3 Configuration of IVHM systems:

Effective IVHM requires embedded sensors in key ponents and systems coupled with
advanced reasoning linking on-board and ground doagstems. The system should be
focused on establishing decision support to prowadgonomous, timely, and accurate
assessments of a vehicle’s health and functionalladoility for operations maintenance
personnel.

Whilst in use, a combination of diagnostic and paxiic data is obtained from various
sensors and systems monitoring the components. IRmtation and mitigation are also
initiated by algorithm driven procedure managenrentines. This data can be either stored
on-board for download to the off-board operationb® sent by satellite communications to
the organisation’s control room where additiondbhdamalysis capabilities are deployed. Non
critical data is usually stored on the vehicle dgrthe mission and downloaded later at the
ground station. These organizations usually worth waipen loop assessment and decision
support is undertaken by the ground based reasW/iezless networks are used to send the
data to the remote support centre so that analgsistill be performed in flight.

The autonomy of the vehicle can be increased imcating health management solutions on
board. This implies a reduced dependence on conuations, a faster response and lower
operation costs. On the other hand, when the datrdcessed at the support centre, the
amount of instrumentation and computer resourcelsoand is reduced. Besides, it provides
enhanced fault forwarding, troubleshooting andadnisal information support. The election
between the two options will depend on many facéfsight and system complexity become
major considerations as we cannot place all IVHEhi®logy within the vehicle. Therefore
only those technology applications that contribtite critical operations and revenue
protection are fitted on board with all other fuans being located off board.
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Therefore, it is very clear that the adoption of I&HM philosophy requires a deep
knowledge of interdisciplinary trends from the evagring sciences, computer sciences and
communication technologies to achieve the cheapestible and most effective asset
utilization.

1.4 Architecture

The design of an IVHM system needs to be approaaketlsystem engineering process. The
IVHM system must be constructed into the host Meh&nd in connection with other
instrumentation systems and must be integrated-diogpto open system architecture (OSA).
This architecture allows the engineers to integeatd interface all the components of the
IVHM system

Levels:

» Subsystem Lowest levelkey parameters as pressure or temperature argoneah
for each component within the system. If these patars exceed a predetermined
limit, warnings are issued and the system perfahagequired corrective actions.
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* Product Wide Monitoring Level: This level monitors and reports the interactiohs
performance and degradation across the vehicleefy dnderstanding of the
relationship between causes and fault is requirentder to foresee how a failure will
propagate.

» Decision Level In this level, using the information obtainedrfréhe lower levels, is
where the decisions as to ‘use’, ‘mitigate’ or riémate’ operations is made.
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Figure 1.4 — IVHM architecture

1.5 Benefits of IVHM

* Reliability and maintainability : IVHM technologies have been developed to
address safety, replace time based maintenanceG@M since the accurate and
detailed assessment of health data, both current fature, supports early
identification of failure onset and thus makes disgible to replace the damaged
components before the cause an accident. Automafianonitoring and analysis
minimizes the need for human input. This enhancegreater reliability and
maintainability.

IVHM allows the organisation to increase the misstturation and complexity as
IVHM mitigates the risks involved. The applicatiohsuch technology allows for the
effective management of the whole aircraft, itstexyys and components. It's been
demonstrated that benefits of IVHM extend well itite area of fleet management as
vehicles can be assigned with alternative and coated missions.

* Logistics: The availability of continuously updated and dethihealth information
can be used automatically to trigger logistic atioThe Central service centre can
pre-emptively prepare the appropriate actions amglacement components, as
information is received before fault occurrence.



» Autonomy: In some applications, especially in military oer@space sectors,
missions take place in very remote places wherehauiled maintenance or repair
can't be performed. The increased mission duratisstance and therefore the cost
and delay of communication are leading these imiggsto aim for the highest level
of vehicle autonomy. IVHM provides the assets witis required level of autonomy
that allows the assets to operate autonomously evérostile environments. The
mass penalty of carrying spare parts inventoriestrba consider also as a driving
factor.

* Reduction of lifecycle costs (LCC):t's been proved that 95% of aircraft lifecycle
costs are attributable to maintenance activitiéer@ are deep financial uncertainties
in both military and commercial vehicle markets ahdrefore intense pressure to
reduce costs. The application of IVHM solutionsuses need for inspections, fault
ambiguity and wasteful removal of serviceable congmis and increases detection
coverage. Component life can be extended when odibon overhauls are
performed.

» Servitization: This concept offers a radical shift in the opera strategy and
associated business models. IVHM enables manufiagtfirms to obtain revenue
throughout the complete life cycle by offering ntaimance services instead of just
offering manufactured products. This kind of chaimgéhe business model is called
servitization. To do so, the firm must reconfigiey elements of its business model.
Manufacturers must design, adjust and align thiffierént business model elements
to successfully develop, sell and deliver servidescultural change and a more
holistic approach are absolutely necessary to aalammpany to this new business
model.

» Design support Finally, the application of IVHM technologies alsupports the
design of vehicle products as more detailed figlthds available to use for further
modifications and upgrades that will lead to a odidu of the costs and an improved
availability.

As these technologies are becoming more populartoels are developed in different fields
that make it easier to implant IVHM solutions tovngystems. Generally, these tools are split
in two groups with two different purposes.

-To assess the technical design and performanidéHdfl enabled applications. In this group
are included tools as Failure modes and effect&carianalysis (FMECA) or event tree
analysis (ETA). These tools will be discussed ferrth

-To assess the impact and benefits of the appitdtr organisational performance using
cost benefit analysis. This is a key insight irte targer issues surrounding the decision
making process when considering the adoption ofiNddlutions.
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1.6 Inhibitors to the adoption of IVHM

» Higher initial costs: The adoption of IVHM requirgxremental and radical change
to the organisational, technological financial, mmmic and commercial systems of
the organisation. The legal framework of these wiggdions must be considered too.
IVHM technologies should be applied to systems &ximise the operational benefit
and what value the customer will apply to this Wbend&here must be a balance
between the greater installations costs weighednsigahe whole life revenue
streams. The majority of authors see the maindyatwiits adoption as the initial cost
of the hardware and software that’'s required. Th& includes the development and
implementation of this technology as well as otpenalty cost such as weight,
power, computing or communication resources.

» Application of new technologies: The lack of engirieg abilities to implement and
adopt IVHM systems is also one of the main problefnsultural change is necessary
to accept the shortcoming of potential false alaomsensor failures. Sometimes
during an operational service, a Built-In Test (Bfdils or the possibility of a falil is
reported. This event implies what is usually cabblettliagnostic failure”. When this
happens, independent functionally tests are pegdrim order to verify and diagnose
the fault. Ideally a Shop Replaceable Unit will celed out and sent back for a
functional test. If the SRU passes at this stagegnostic failure will be recorded.
There are then two possibilities. Either the SRUéslthy and it has been falsely
replaced or it's faulty and the diagnostic tesisgnadequate. These scenarios have a
negative impact on system requirements that caludecsafety, dependability,
availability and a negative impact in Life Cyclesto(LCC).

» Phase of design: the cost and potential of IVHMdirectly related to how early in
the design it is considered. Organisations andsfilmave to be convinced of the
benefits of this technology and IVHM should be desd ‘in’ from product
conception. By doing this, the number of sensonedsiced as more sophisticated
algorithms and models are incorporated.

The conclusion is that for the successful applecatf IVHM, benefits must be greater than
the development cost. Understanding this tradéetffveen design, development, installation,
maintenance and operational costs against wheedifenue streams is the major inhibition
to adopt IVHM for most organisations.
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1.7 Conclusions

IVHM involves a large number of sub-disciplines Isuas sensor technology, signal
processing or control techniques and it can beyagpptompletely different systems. For this
reason, it is very difficult to summarize all tHeraents of this emerging technology.

IVHM enabled improvements are found in operaticarad process innovation rather than in
any individual innovative technology. The trangitido health maintenance from health
monitoring and the new system-level integrationrapph have demonstrated their capacity
to increase the value of a certain asset.

In spite of these positive aspects, IVHM is stillrgative emerging field and research
initiatives are need to coordinate knowledge deymlent and improve methods and tools in
order to accomplish a more widespread adoptio’VBiM and a deeper understanding of tis
applications.
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2. LabVIEW

2.1 Introduction

After studying the whole IVHM concept and all itd§ferent aspects, the objective was to
create a system which could support this technologyrder to test its scope. The system
chosen was a UAV (Unmanned Aerial Vechicle) fuedtegn. The first step was to create a
test rig that represented a physical model of tA®¥ Yystem. Our intention was to control the
different variables involved in the proper funciimp of the system and simulate different
faults in it. To control and acquire data fromthk different components, we had to recourse
to a software-program called LabVIEW that allows tiser to interface with the system. My
second task consisted on learning how to use tbitware and understanding its
programming language with the help of two manuélsbVIEW: Course Manual and
Exercises” (Core 1 and 2).

LabVIEW is a system-design platform and developmentiironment for a visual
programming language from National Instruments. lised by engineers and scientist to de
developed sophisticated measurement, test, caysttms and industrial automation.

2.2 Data Acquisition

The purpose of data acquisition is to measure ectraal or physical phenomenon such as
voltage, current, temperature or pressure. Evera @ecquisition system has its own

application requirements, but we can define glgbalhta acquisition as the process of
acquiring signals from real world phenomena, digitj the signals and analyzing, presenting
and saving the data. The DAQ system has the fatigywarts involved:

-Physical 1/0O signals.
-DAQ device/hardware
-Driver software.

-Application software.

FC-BASED DATA ACQUISITION

INPUT/OUTPUT SIEMALS HARDLWARE SOF TLWARE
AMALOG s |
DIGITAL -— & s
29, | . . —

COUNTER/ = = RTIT
TIMER i a 4T  WIRTESTYTTITFIEL. | )

= EEEEEEEEEEEFEEEEEEEEEEER
SENSORS ﬂ s CATA ACQUISITION APPLICATION AND

: HARDILRRE

TTUER SOF TWRRE
Figure 2.1 — Data Acquisition
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2.2.1 DAQ Device:

The DAQ device digitizes incoming signals so tha tomputer can interpret them. Most
DAQ devices have four standard elements — analpgt,irenalog output, digital I/O and
counters.

-Analog input: The process of measuring an analog signal andferaing it t o a computer
for analysis, display or storage. An analog sigeal signal that varies continuously. In this
process, it's required an analog-to-digital conerso that a computer can process the data.
Analog-to-digital converters transform a voltageeleinto a series of ones and zeros using a
sample clock that controls the rate at which sampiehe input signal are taken.

-Analog Output: The process of generating electrical signals floencomputer. In this case,

analog output is generated by digital-to-analogveoers that using the data that the
computer generates vary the voltage on an outpubyer time. Digital-to-analog converters
generate a new value at each cycle of the updat&.cl

-Digital signals Electrical signals that transfer digital datagifadl signals only have two
states, on and off or one and zero. When the wlia@pplied, the receiver determines the
value being sent depending on the value of theageltlevel. Each state corresponds to a
range of voltage values. Digital signals are ugualbplied to control devices such as
switches, LEDS or to communicate between diffedavices.

-Counters: Digital timing devices. They're typically used tmunt events or to measure
frequencies, periods or pulses.

2.2.2 Driver Software:

Driver software forms the middle layer betweendpplication software and the hardware.
There are two different drivers to choose from:IMOQmx and Traditional NI-DAQ. We
used NI-DAQmx for our application because of théofeing reasons:

-More functions and development tools.

-It includes the DAQ Assistant for configuring cinats and measurements tasks for a device.
-Increased performance.

-Simpler API (Application Programme Interface)

LabVIEW also includes a tool named MAX that carubed to configure the data acquisition
devices.

The DAQ Assistant, included with NI-DAQmx is a ghaqal, interactive guide for
configuring, testing and acquiring measurement.dataduces the number of programming
errors and reduces the time from setting up the Bp&Pem.

14



2.2.3 Application Software

Application software adds analysis and presentatamabilities to the driver. You can do the
following tasks using this software.

-Real time monitoring
-Data analysis and logging.
-Control algorithms.

-Human machine interface (HMI)

2.3 Implementing a VI

2.3.1 Components

LabVIEW uses a dataflow programming language nat@dvhere execution is determined
by the structure of a graphical block diagram oncWithe programmer connects different
function-modes by drawing wires. These wires prapagariables and any node can execute
as soon as all its input data is available. Thegmmming language is capable of parallel
execution, since different nodes can obtain thatidpta at the same time.

LabVIEW programs are called virtual instruments,\is because their appearance and
operation imitate physical instruments. LabVIEW tzdms a set of tools for acquiring,
analyzing, displaying and storing data. LabVIEWs/tontain three main components:

-Front Panel Window: This window represents the user interface. Céstand indicators
are created here. They are the interactive inpdibatput terminals of the VI. Controls can be
knobs, push buttons, dials or other input devit¢edicators are graphs, LEDs and other
displays.

-Block Diagram Window: After creating the user interface, code must dded here using
graphical representations of functions to contt@ front panel objects which appear as
terminals on the block diagram. Here we build thdes, i.e., objects that have inputs and/or
outputs and perform operations when VI ruins. Natiesbe functions, subVIs, or structures.
Structures are process control elements, such s €auctures, Event structures, For Loops
or While Loops. Functions are the fundamental dpegaelements of LabVIEW. For
example the Add or Subtract functions are functiodes.

The data is transferred among block diagram objietsigh wires. Each wire has a single
data source, but they can be connected to as madgsmas the user wants. Wires have
different colors and styles depending on their dges.

15
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Figure 2.2 — Front Panel and Block Diagram

-lcon and Connector Pane LabVIEW allows the users to use and view a Vanother VI.

A VI that is used in another VI is called a subVa use a subVI it must have an icon and a
connector plane. The icon is just the graphicateggntation of a VI, it identifies the subVI
on the block diagram of the subVI. The connectoreps a set of terminals on the icon that
corresponds to the controls and indicator of that V

2.3.2 Data types:

* Numeric: Numeric data type represents number of variopedy It includes the
following subcategories of representation: floafpmjnt numbers, signed and
unsigned integers and complex numbers. They are@iésented with orange except
integers which are represented with the color blue,

* Boolean Boolean data is stored as 8-bit values. If thet &alue is zero, the Boolean
Value is False, Any nonzero value represents TBoelean data are represented with
color green.

e String: A string is a sequence of ASCII characters. Thay loe used to create text
messages, prompt the user with dialog boxes oe stameric data to disk. Text
commands can be used to control instruments.

» Dynamic: Dynamic data stores the information generatedcquired by an Express
VI. DAQ-Assistants are an example of an ExpresstMdy are used to acquire data
for measurements tasks or to generate data foubiatgks.

Different data types can be combined using enums.
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2.4 Structures

While Loop:

Similar to a Do Loop in text-based programming lsages, a While Loop executes a
subdiagram until the conditional terminal, an inpettminal, receives a specific Boolean
value. The While Loop infinitely if the conditionemer occurs. A While Loops has an
iteration terminal that contains the number of clatgal iterations. The iteration count always
starts at zero.

Iterations

Figure 2.3 — While Loop

If a conditional terminal is “Stop if True”, the Blean control is placed outside the While
Loop and the control is FALSE when the loop startaj cause an infinite loop. Similarly,
you also cause an infinite loop if the conditiotraiminal is “Continue if True” and the
control outside is TRUE. The values that are oet$i# loop are only read once, so changing
the value of the control does not stop the infifotmp.

For Loop:

A For Loop executes a subdiagram a number of tithéss a iteration terminal that contains
the number of completed iterations. The count teamis an input terminal whose value
indicates how many times to repeat the subdiagram.

17
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The For Loop differs from the While Loop in thaetfror Loop executes a set number of
times. A conditional terminal can be added to tler Eoop too. A For Loop with a
conditional terminal executes until the conditiatuars or until all iterations are complete.

Structure Tunnels:

Tunnels feed data into and out of structures. ©be kexecutes only after arrive data arrive at
the tunnel. When the loop starts executing it rdhdsvalues of the input tunnels just once.
Only after the loop execution ends the data is tgettite output tunnels.

Shift Register:

When we are programming with loops, we usually resgkss data from previous iterations.
Shifts registers are the elements that allow uacttess to this information. A shift register
passes values from previous iterations througHabp to the next iteration. Shift registers
appear as a pair of terminals directly oppositéheatber on the border of the loop. Shift
registers must be initialized with an input value.

Case Structure:

A Case Structure is a structure that has two oeraabdiagrams. Only one is visible at a time

and only one case can be executed at a time. Arn wglue connected to the case selector
determines which subdiagram execute. The user salstt one case as the default case to
handle out of range values.
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Figure 2.5 — Case Structure

Event Structure:

The Event Structure works like a Case Structuré wibuilt-in Wait on Notification function.
Each case handles one or more events. When the §ivecture executes, it waits until one
of the configured events occur and then executesdhresponding case for that event. It does
not implicitly loop to handle multiple events.

State Machine:

A state machine is a design pattern. It consisis bfhile Loop, a Case structure and a shift
register. Each state of the machine is a sepaaateio the case structure. The case structure
is placed inside a While Loop, so the code executes the condition occurs. The shift
register stores the state that should execute tiy@onext iteration of the loop.
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3. TEST RIG

3.1 Introduction and System Description

After all the previous research we could startding the test rig. This third task included the
installation of every component of the UAV fuel e and the development of the code to
control them. An unmanned air vehicle can be caneml as a sub-system of a UAS
(Unmanned Aircraft System). UAS usually have theesa&lements as system based upon
manned aircraft; however a UAS is being designeuhfits conception to be operated without
an aircrew aboard. Instead of it, it has a subesyghat controls the aircraft and its habitation
with an electronic intelligence and control subteygs Unlike drones which don’t have any
intelligence and can only be launched into pre-aogned missions, UAVs have ‘automatic
intelligence’ at some degree and are able to conmatewith its controller and to return
payload. It will also transmit information as te @ondition, covering aspects as the amount
of fuel it has or the temperature of the engine.

It a fault occurs in any of the system’s compongthies UAV may be designed automatically
to take corrective action and alert its operatdh®event. Decisions can be made on-board
using artificial intelligence, thus achieving aaper autonomy. This feature that UAVs
possess is what makes them interesting for ourgserpl he goal was then to create a model
of a UAV fuel system to assess the IVHM technolsglscussed before and see how
effective these technologies are for detectingisoldting faults in the system.

The real system is shown in figure 3.1 and is caeadmf the main and sump tanks, the
pump, a filter and a nozzle.

an

Main Tank

Shut Off Valve

&

Nozzle

Figure 3.1 — Diagram of the fuel system 21



Fault Emulation

We have to keep in mind that degradation modeweamedifficult to test. It is not only the
cost and the time that are required to capturgymifiiant degradation but the reproduction
constrains that are involved in the system. Oneragmh is to increase the duty of the
components to accelerate their degradation. Howdlverapproach we took was to simulate
degradation modes by direct proportional valves\(Pthat we can gradually control.

DPV Fault Description

DPV1 Clogged filter

DPV2 Degradation of the gear pump
DPV3 Shut-off valve stuck mide rangge
DPV4 Leaking pipe

DPV5 Clogged nozzle

A clugged filter would be emulated by replacing fiiter with the DPV1. Flow and pressure
reduce through a filter when it is clogged. Thiegass can be emulated by the valve. When
the valve is fully opened it is equivalent to a ltreafilter. As we gradually close it, it
emulates the clogging effect. The severity of @éndtfcan be controlled by varying the valve
position.

When a gear pump suffers degradation, it providésner flow rate with the same pump
speed. This effect can be emulated creating ad#étak the pump. The flow of this secondary
pipe would be controlled by DPV2.

A malfunction of the shut-off valve can be obtaingth DPV3, simulating the position of the
stuck valve with the proportional valve.

Installing another secondary pipe, we can simudaleak in the main pipe. The flow of this
new pipe would be controlled by DPV4. When the gabsclosed, it simulates a healthy pipe.
Opening this valve we can control the severityhef leak.

Likewise, the clogged nozzle situation could be langented by replacing the nozzle with
DPV5.
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Sump Tank Shut-off Valve ~ Pressure sensor

e R~ §

Pump Controller

Main Tank

Laser Sensor Power Supply

Pump CompactDAQ Chassis

Figure 3.2 — Photograph of the fuel system

The final model we aimed to create is shown inrndet diagram.
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3.2 Commissioning:

3.2.1 Shut-off Valve:

This valve has an electric circuit. When the cirgsiclosed, the valve is open and the fluid
flows. If the circuit is opened, the valve closewl dhe flow is quickly stopped. Therefore,
unlike control valves which have intermediate poei and are used to regulate the pressure
or the flow rate, a shutoff valve has only two esaicompletely open and completely closed.

Shutoff valves are usually fail-safe devices. Timsans that if any failure is detected, the
valve should close and stop the flow in order ®vpnt any harm in the rest of components of
the system.

When a valve suddenly closes and a flow is stoppede end of a pipe, the fluid transforms
its kinetic energy into potential energy. This poig energy provokes a pressure wave that
propagates into the pipe. This pressure wave igllystalled fluid hammer. This phenomenal
provokes noise and vibration but it can also danmbgepipe. The main solution to alleviate
this problem is to connect a relief valve.

The valve we used for our system is a Blrkert 6G023way direct acting solenoid valve. The
valve is controlled by an electric current throwgbolenoid. When the solenoid is activated,
its armature is withdrawn by the magnetic force tmedwater can then flow.

Figure 3.4 — Burkert 6013 2/2way direct

The valve is controlled by the NI 9485 module.dsM.6 terminals that provide connection for
8 channel solid-state-rely sourcing or sinking tdiigoutput module. The DAQ Assitant was
configured to Digital Line Output. The generationde is one sample on demand. Below, the
wiring diagram of the shutoff valve is shown.
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Figure 3.5 — Shut-off Valve Wiring Diagram

3.2.2 Pump Controller

A pump is a device that moves a fluid by mecharacdion. There are many different types
of pumps but all of them consume energy to perfor@chanical work by moving the fluid. In

our system, the energy source is an induction mmtatrolled by the ACS150 driver. The
pump controller can be set in manual or remoterobrftor our purpose, we set it into remote
control using the NI 9472 module. This module pdeg connection for 8 digital output

channels. The pump controller requires 5 chanrels ttansmit the data for the following

actions:

-Stop / Start.

-Forward / Reverse: Changes the direction the pspins.

-Frequency reference up.

-Frequency reference down.

-Constant Speed: Changes the speed of the pumprémlatermined value.

We used the DAQ Assistant to configure a digitalelioutput for five channels. The
generation mode was 1 sample on demand.
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Figure 3.6 — Pump Controller Wiring Diagram

3.2.3 Laser Sensor:

It was necessary for us to know the real speeldeoptimp so as to have a better control of the
system. We concretely wanted to know the frequeridhe pump. Frequency is the rate of
recurrence of a cyclic or periodic event.

We used a contrast laser sensor that emits a besin teflected on a surface and sent back
to the sensor. The sensor is capable to recodmize surface absorbs the light (dark surface)
or reflects it (white surface).

Our initial idea was to stick a reflecting sticlar the fan of the pump motor. This solution
didn’t work because the sensor was not able temdiffce between the reflective sticker and
the white fan. However we managed to make it whekdther way around, instead of using a
reflective sticker we used a black one. This workedause the sensor can be set to detect
either black or white. What the sensor does it'sdénd a pulse every time it detects the black
sticker, that's one pulse per lap. For an analodigital waveform, you can invert the signal
period to obtain the frequency.

The laser sensor we used was a Print mark comseasbr DK10-LAS-54/76/110/124.
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Figure 3.6 - DK10-LAS-54/76/110/124

This signal was received by the NI 9401 modules-@fub connector that provides
connections or eight digital input/output chann&lis module has to be used together with
the NI 9924 Terminal Block that contains the sctemninals to connect the laser sensor. The
block has two thumbscrews for secure connectidghdanodule. The DAQ Assistant was
configured to do frequency measurements. The sigpat range is 10m-100Hz. The Starting
edge is Falling, the measurement method is onetep(Low frequency) and the acquisition
mode is one sample on demand.
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Figure 3.7 — Laser Sensor Wiring Diagram

3.2.4 Pressure Sensors:

All the faults that we have been studying and Hasen included in this project lead in first
term to a decrease of the flow. The main consequiniherefore that the sump tank receives
an insufficient flow of fuel or at least, the flomste is lower than the one we could expect
under normal consequences. Either way, our systemtibeing efficient in its main purpose.

However, the decrease of the flow rate is not thly eymptom of a faulty system. In our
system, it is also accompanied by a change oftggspre in the tubing. As it was said at the
abstract, the scope of this project is to detedtianlate faults. Hence, it is not important for
us to know how severe the fault is but to detecthiis means that we didn’'t pay attention to
the specific value of the decrease of the flowelagry component. Because of this, instead of
using flowmeters between the components, we usesspre sensors. The reason for this
decision is that it's been proved that pressures@sncan detect small changes better than
flowmeters do.

When the pump starts running, it provokes a deereshe pressure in the inlet. This effect
is what makes the fluid flow from the tank to themp. It's been proved in previous
experiments that the pressure before the gear psirbplow atmospheric, so the need for
absolute pressure sensors was mandatory. The presser the pump is above atmospheric
on the other hand, so we could use gauge senstnmhéasure relative pressure.
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Sadly, neither the flowmeter nor the absolute pressensors arrived in time when we were
building the test rig, so we could only use theggapressure. That's the reason why the
wiring diagram only shows the relative pressur@ddaicers. The pressure sensors we used
were UNIK 5000 PMP 5074-TB-Al1-CA-H1-PA.

In order to acquire data from the different senseesused the NI 9205 module. This module
receives the analogue voltage output from the pregsansducers and the flowmeter. Using
the pre-defined calibration curves into digitizedormation it converts the input data into
digitized information readable on our VI. The ramggut is 0-5 bars. The acquisition mode is
Continuous Samples, the samples to read are 50thamdte is 1 kHz.

The pressure transducers actually measure a vdragenly after applying the predefined
calibration curves in the DAQ Assistant Setup, va® get the pressure measurement. To
understand how to measure voltages, it is essdatiainderstand that the voltage is the
electrical potential difference between two pointsin electrical circuit. A common point of
confusion is how the measurement reference poideisrmined. There are essentially two
methods to measure voltages: ground referenceitiacedtial.

Ground Reference:

This method consists on measuring voltage witheeispp a common or “ground” point.
These points are stable and most commonly arobwhdTie ground reference is provided by
either the device taking the measurement or betternal signal being measured. When the
ground is provided by the device, this setup isedaground referenced single-ended mode
(RSE), and when the ground is provided by the $igha setup is called non-referenced
single-ended mode (NRSE).

The following images how to do these two types @asurements using a CompactDAQ
Chassis and a NI 9205 analog input module.

Figure 3.8 — Ground reference: RSE (left) and NRSE (right)
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Differential Reference:

The other way to measure a voltage is to deterriipedifferential voltage between two
points of the circuit. Usually, differential voltagneasurements are useful in determining the
voltage that exists across individual elements oireuit or it the signal source is noisy. In
differential mode, the negative signal is wiredtthe analog pin directly facing the analog
channel that is connected to the positive sign#h@gollowing image shows:

WosTromesrs

Figure 3.9 — Differential Reference

The disadvantage of differential mode is thatfié&ively reduces the number of analog input
measurement channels by half.
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Figure 3.10 — Pressure Sensors Wiring Diagram

3.2.5 Direct Proportional Valves:

The description of these components will be vengfband will only focus on their main
mission as we didn’t receive them by the time thort was done.

As it was explained in the introduction of this ptex, in order to simulate component
degradation, some of the elements of the systemtdndoe replaced by direct proportional
valves that have opening positions between 0-10@&6 represent how severe the fault is.
These valves can be used as flow control valvesaadcharacterized by low loss, low
hysteresis, high repeatability and high sensitivity
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We wanted to simulate
proportional valves:

-Clogged filter: DPV1

five different faults, eaafme acorrespond to one of the direct

-Malfunction of the gear pump: DPV2

-Shut-off valve stuck in an interim position: DPV3

-Leaking Pipe: DPV4

-Clogged Nozzle: DPV5

You can see where every DPV should be placed isytsiem looking at the system scheme

on the page 21.

3.3 LabVIEW Code:

In this last part it will be shown and explainediigtail all the subdiagrams that we created to

control the components.

3.3.1 Shut-off Valve

[

Source
Type
Time
CtlRef
OldVal
MNewVal

Ja[[1] "Open/Close Valve": Value Change ~

Valve State

ETE]
Open/Close Valve
; DAQ Assistant

___________________

The code is all included

Figure 3.11 — Shut-off Valve Code

in a while loop structufdis structure executes the code that is

inside the loop until the conditional terminal rees a TRUE value from the STOP control.
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Inside the While Loop, there is an event structifihen the Event Structure executes, It
waits until one of the configured events occurntle&ecutes the corresponding case for that
event. The control button has two states: true fals. When the control sends the False
value, the valve stays closed. When we press tt®muhe control sends a True Value

instead to the DAQ Assistant, which sends the signthe module that opens the valve. We

also included an indicator that informs the useethbr the valve is open or closed at that
moment.

VALVE CONTROL

Figure 3.12 - Shut-off Valve Front Panel

3.3.2 Gear Pump Controls - Initial Version

This was the initial code we created to controlgbep:

Open/Close Valve

™ True 't

v
-]
=
-
c
=

=

' IDAG Assistant

g
&
=]
2

15
]
m
m
o

stop

m l_.'s;,:‘.._

Figure 3.13 — Gear Pump Control: True Case
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There is a Case Structure. It has two values dépgrmeh whether the valve is open or close.
When it's open (TRUE case) the DAQ Assistant rezeithe data the user send through the
controls. When the valve is closed (FALSE casd)tha values that are sent to the DAQ
Assistant are changed to zero. The aim of this isageavoid the situation where the fluid is
pumped against a closed valve.

Open/Close Valve

1| False ‘t

DA Assistant

stap

m '_TE:E

e

Figure 3.14 — Gear Pump Control: False Case

After installing the laser sensor, we were ablm&asure the speed of the pump, so we
introduced many changes to this code that wilbhj#agned in the next section.

3.3.3 Laser Sensor

[Measure of the Pump Speed]

1750

Glitch Detected
0 rag ] m— e L]
W True 't

Measured RPM

Figure 3.15 — Laser Sensor Code 35



The DAQ Assistant data receives the data and aftererting it into Numeric Data is
displayed in the “Measured RPM” Indicator. The ored measurement units are Hz. To
transform into Revolution Per Minute (RPM) we hagemultiply the original value by 60.
The code also includes the “In Range and Coercetieuri. It determines whether the input
value falls within a range specified by the upp®at bpwer limits (0 and 1750) and coerces the
value to fall within the range in case it didn'tfidse. If the measured value is no between the
upper and lower limits, the Boolean output valué&Ad. SE and after the “Not” function, it
activates the “Glitch Detected” Indicator. The “Meaed RPM” indicator stops displaying
the value as the false case is executed in thestas¢ure.

Figure 3.16 — Laser Sensor Code: False Case

3.3.4 Gear Pump Controls — Final Version

PUMP CONTROL

State

Glitch Detected

Shutdown

Constant RPM?

©

Figure 3.17 — Pump Controls Front Panel

Now that we know the speed of the pump, we carthisenformation to have a better control
of the pump. To simplify the code, a SubVI namedt Control” was created to send the
data to the pump controller.
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Motor Control SubVI:

MOTOR CONTROL
Data n Data
" P — —
: o
EFFOT in jn‘ ’1 .-E_rrUFDUt
Ev_ﬁm DAG Assistant {#Ea] Errorin Error out
: d?_ta status  code |

FiIE Yl o

source source

| i ﬁ

Figure 3.18 — Motor Control: Block Diagram and Front Panel

This SubVI simply sends the Boolean data to the gpP@ontroller for its five possible
actions:

-Start / Shutdown Pump

-Forward / Reverse: Changes the direction the pspins.
-Frequency reference up.

-Frequency reference down.

-Constant Speed: Changes the speed of the pumprémlatermined value.

We decided to implement two different pump contraddes. The user can run the pump
manually adjusting the pump speed or set some deasnn order to run the pump through a
mission profile. This profile consists of UAV fliglsectos. To change from one state to
another we use an Enum that contains the followiates:

e Shut-down
« Manual Control

» Mission Profile: Accelerate To Taxi 1, Taxi 1, Tak#, Cruise, Landing, Taxi 2, and
Decelerate to Shut-down.

There is an Enum Indicator after the Case Strughatdisplays the name of the state that is
being executed at that moment.
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-SHUTDOWN:

This is the default state. It's executed in firlstge when we run the VI.

[ "Shutdown", Default 't
9| False 't
Start Mission
[
4+ Shutdown 'lf = ' Manual Mede

=

#AQpen/Close Valvek

= ey

LLTEFWIE B8 LFiiitii fie L RARRVLy{]

Figure 3.19 — Shut-down Case
The main function of this case is to stop the puitnpends an array of five false Boolean
values to the Motor Control that stop the pump.

Then, we have two Case Structures that lead te swenarios:
» Start Mission or Open/Close Valve = False andManual Mode = False

This is the case illustrated in the image aboves fifanual mode is not activated and
either the valve is closed or the Start Missiortdruhas not been pressed. This is the case
that is executed when we run the VI for the finstet The program continues executing
this state until one of the controls is activated.

» Start Mission or Open/Close Valve = False andManual Mode = True:

If we activate the Manual Mode, this code sendsotfier to move to that case through
the shift register.
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[ True 't

Start Mission

Manual Mode

I"Manual Control ]|

Figure 3-20 — Shut-down Case: Second Scenario

» Start Mission AND Open/Close Valve = True

When we pressed the “Start Mission” button andwiilee is open, the Automatic Mode
starts. Notice that if both the Manual and Stars$Wtin Modes are activated, the code will
only execute the Start Mission Mode. The firstestadtthe mission is “Acc To Taxi". The
“Get Data/Time in Seconds” returns the current tifirt@s data will be required later.

Start Mission
|0Acc To Taxi 'I i
éh 0

Figure 3-21 — Shut-down Case: Third Scenario
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-MANUAL CONTROL :

Purmp Control

[ "Manual Control” 't

3 1o False 't
Manual Control for the Pump A Open/Close Valve . B
anrRo
=
[XTH]
7] [(xca]
Set a constant speed
™ True 't W
[ Shutdown ~|— =1 =
: 4 False ~}] T False ThE
Slow down control to allow for slow motor
: 2 e e
AManual Mcdebl
Y 5
AStart Mission] ..
Constant RPM?
o iz
Desirej EPI 4% 10
L]
- [asiory] ©

=erramiesm mmeiveivarrrrmserveedl

Figure 3-22 — Manual Control

This subroutine has three cases structures wifireift sub-diagrams:

* The one in the right down corner controls the dfai¢ has to be executed in the next
iteration.

|"Mar1ua| Control
#Manual Moder MPAanual MCdE":

Figure 3-23 — Manual Control Subdiagram 1

If the Manual Mode is still activated and the Stdission is not, the program will
stay in the Manual Mode. In any other case, it gdllback to Shut-down.
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The case structure in the left down corner contt@sSpeed Up and Slow Down
controls of the pump. It has two other case strastinside with four different
situations:

- Constant RPM? = FALSE. We use the Constant RPtiwropvhen we want to set
the speed of the pump to a determined value. énsttenario the pump will speed up
or down when we press the corresponding controllers

4| False Yt “

Constant RPM?

Figure 3-24 — Manual Control Subdiagram 2

-Constant RPM? = TRUE and the difference betweemtbasured and the desired
RPM is higher than ten:

Constant RPM?

: Y

Figure 3-25 Manual Control Subdiagram 3

If we want to set the pump to a determined valuehaee to press the Constant
RPM? Option and then set the value we want in tlesirdd RPM control. The

program will compare the measured and the despedds. If the desired RPM is
higher than the measured RPM, the controller yadlex! up the pump. If it's the other
way around, the pump will be slowed down.
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-Constant RPM? = TRUE and the difference betweemtbasured and the desired
RPM is lower than ten:

W[ True —}| w F[True ~¥] W

W[False v m

E2[Slow down control to allow for slow motor

|4| False 'H L .

Slow down contrel to allow for slow motor

Constant RPM?
o= )

Desired RPI

ConstantRPM? B | BB _ B L_|g&=

Figure 3-25 Manual Control Subdiagram 4

This scenario is very similar to the previous omg ib has an important variation.
When the measured and the desired speed are s{thiéadifference is lower than
10), it's a good idea to slow down the control tmwa the motor for a smoother
response. To achieve this, the total number oftitens is divided by twenty. If the
remainder is different from zero, the pump neitepeeds up or down. When the
remainder is zero, it compares both measure aricedespeeds and return the proper
action (speed up or down) just as it did in thevioes situation. The conclusion is
that only once every twenty iterations, the motdl receive an order and thus it will
have a slower response.

* The third and last structure, in the top right @rrrsends the data to the Motor
Control SubVI. It receives the “Speed Up” and “SIbawn” data from the previous
structure. The rest of the data is sent by therdtiee controls.However, if the valve
is closed, all the values are set to FALSE angtivep stops.

I A Open/Close Va |~_-Ey|......
Start Pump

Figure 3-25 Manual Control Subdiagram 5
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-MISSION CONTROL:

Whenever the user presses the Start Mission buttenpump will follow a profile that we
can previously define. The profile has three stagagi, Cruise and Taxi 2. Each one has an
RPM value and a duration that the user determmései second page of the Tab Control.

Main Program  Mission Control |

‘\\Tﬂxi RPM ‘\\Tﬂ*i s Predicted Profile ]
o 300 b, 10

Cruise RPM  Cruise Time
Fa' !‘\
o 500 o 10

Taxi RPM 2 Taxi Time 2
J\“ l\“
o 150 o 10

Figure 3-26 Mission Control: Front Panel

The predicted profile is generated by this piececafe:

Taxi RPM
¥

Taxi Time
e
10

Cruise RPM
b i EEH@ Predicted Profile

3+
]

. . ag|
Cruize Time |> oo
[}

10

Taxi RPM 2
b

Taw Time2
k

10

Figure 3-27 Predicted Profile: Block Diagram
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The time that it takes to the motor to reach thedetermined values is not included in the
predicted profile so there might be important défeces from the actual profile.

Those transient states are:

-Acc To Taxi: Until the pump reaches the Taxi RRPalue.

-Takeoff: Between Taxi and Cruise states.

-Landing: Between Cruise and Taxi 2.

-Deacc To Shutdown: After Taxi 2, the pump progketg slows down until it stops.

When we press the Start Mission program, LabVIEW ewecute these states following the
profile what we created. In order to simplify thede, we included a SubVI called “Ramp
Motor” that sends the order that the motor hasotloW to reach the desired speed in every
state. It works exactly the same way as the sestadture that we saw in the Manual Mode.

Ramp Motor SubVI:

RAMP MOTOR

Measured RPM Setpoint Reached

|

=

U . F&aHMF
Desired RPM | MOTOR

E}U

Iterations

."':Ii'cl

b

Figure 3-28 Ramp Motor: Front Panel and Connector Pane
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This SubVI has three inputs: Measured RPM, DedRBM and number of Iterations. It has
one output: Setpoint Reached. The structure onetheletermines if the motor has to speed
up or down. The structure on right sends the datathe Motor Control SubVI.

Setpoint Reached
p—

1 I> t(Trus ~pf False ~

Measured RPM
¥

Desired RPM
¥

Figure 3-29 Ramp Motor: Block Diagram

When the difference between the Measured RPM an®ésired RPM is lower than one, the
“Less?” function returns TRUE. Otherwise, it reirRALSE. This Boolean data is also
connected to the case selector of the structurth@might. While the setpoint hasn’'t been
reached, this structure simply connects the daim fthe other structure with the Motor
Control SubVI. Once the setpoint is reached, theedpup and down controls are set to
FALSE.

M True *t

HMOTOR
OHTR Ol

w
-LLCE

Figure 3-30 Ramp Motor: Block Diagram — Setpoint reached

The other structure performs the same actionsasitk that was explained for the Manual
Mode case. (Page 38). It compares the Measuredasided speeds and sends the data to
the pump control in order to execute the correcisigon.
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E[ False 't [ False *t[

|5Iuw down control to allow for slow motor [ Slow down control to allow for slow motor |
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Figure 3-31 Ramp Motor: Block Diagram - Slow response

Mission Control Cases

-Accelerate To Taxi In this state, the goal is to reach the Taxi RRNMie. For this purpose
we used the Ramp Motor SubVI that we previouslgulsed and sent the required input to it.
The “Select Function” connected just after the SubMrks in the following way: if the
Boolean Input is TRUE (Setpoint Reached), the foncteturns the upper value (Taxi) and
the codes move to the next state. If the setpastriot been reached, the function returns
“Acc To taxi”, so the same code is executed again.

The Manual Mode Control is set to FALSE in caseasn’t before. The “Get Data/Time In
Second Function” returns the current time in sesoflithis data will be necessary in the next
state.

[ "Acc To Taxi" v}

r [asTorr}

Figure 3-32 Mission Control: Acc To Taxi

-Taxi 1: For every iteration, it compares the current timith the time of the last iteration on
the previous state. When the difference betweesetheo times is higher than the Taxi Time,
the “Select Function” moves to the following stalekeoff. Until that moment, it stays in
Taxi. Input data is still sent to the Ramp Motob8uto make sure that the pump remains at
the desired speed. The rest of the states ardti@petof this state and the previous one, so
their codes won't be shown.
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Figure 3-33 Mission Control: Taxi 1

-Takeoff: The program stays in this state until the pungeihes the “Cruise RPM” Speed.

-Cruise: The pump keeps the “Cruise RPM” as long as thei¥e Time” indicates.

-Landing: The program stays in this state until the pumphrea the “Taxi 2" Speed.

-Taxi 2: The pump keeps the “Taxi 2 RPM” as long as th&dR Time” indicates.

-Decelerate To Shut-down The pump is slowed down until it stops. The “Stdission”
control is set back to FALSE

|4| "Deacc to Shutdown” 'H

[F1{»#start Mission

 Deacc to Shutdown |

il

|AsTOPY}-

v

Figure 3-34 Mission Control: Decelerate to Shut-down
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3.3.5 Pressure Sensors

PRESSURE SENSORS
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Figure 3-35 Pressure Sensors: Front Panel
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Figure 3-36 Pressure Sensors: Block Diagram

After acquiring the voltage measurements and caimgethem into pressure sensors we use
the “Split Signals” Function to get the componeighals of the three pressure transducers.

These sensors measure relative pressure so wadade 1.01325 bars to these measures in

order to get the absolute pressure.

We included the option of multiplying the obtaineslues by a ratio that the user can select.
These factors will only be applied if the correspemt control (Ratio 1, Ratio 2 or Ratio 3) is

activated. The final values are displayed in wanafgraphs.

There was another idea that we couldn’t develop tdukack of time, however it will be
exposed here. We saw that we could have a bett¢rotof the flow if instead of controlling
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the speed of the pump; we controlled the pressutiee pipe after the pump. It only requires
some little modifications.

Pressure After Pump
7}—{bEBL] Ratiol  Moise
0=

Waveform Graph

[
N - N ol =
> .
i v 1,01325 Ratio 2 Moise 2
i 4 I: Waveform Graph 2
DAQ Assistant3 =
data e oE
Ratio 3 MNoise 3
Waveform Graph 3

Figure 3-37 Pressure Sensors: Block Diagram 2

We just need to add an additional control to ssabthe desired pressure and an indicator that
displayed the measured pressure. All that remaits substitute the Desired RPM control by
the Desired Pressure one and the Measured RPMeliyréssure After Pump indicator in the
pump code.
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4. Maintenance Aware Design Environment (MADe)

4.1 Introduction

This last chapter corresponds with Task 4 and pteddADe, a new tool in IVHM design.
This section will be divided in two parts; the ficme will explain the general concept of this
tool with the help of the manual: “MADe Quickst&tide 1"and the last one will show how
we created the model of our system using this soéw

MADe and other PHM technologies present a new amprdo the development of health
management solutions that can be applied duringéineeptual design phase of a vehicle.
This approach involves the qualitative functionaldalling of a system design, the placement
of sensor and the diagnostic rules.

We aimed to create a functional system model ubldde (Maintenance Aware Design
environment), a COTS software developed by PHM ®rology used for health
management design. The model we created includesféiilure modes of the different
components of an UAV system. The objective wasréate an inherent health management
solution for the system and find an optimum setesfsors.

The initial approach that most companies used wa®dus on fault identification during

operations and maintenance. Later, a second appreas developed that used IVHM
solutions to support design analysis. In this sdcfsamework is where MADe and other
software tools are created. As a result of this,dtbmmunity started employing safety and
reliability anaylisis in the Preliminary Design [sea

-System safety analyses include Fault Tree AnalyBiBA), Event Tree Analysis and
Probabilistic Risk Assessments. With these ana)ytkesdevelopers can know which features
of the design might be problematic and adapt tisggdeo mitigate or eradicate their potential
failures.

-The most frequent type of reliability analysistie Failure Modes and Effects Critically
Analysis (FMECA) that determines the fundamentdufa modes that have an effect on a
specific component or function.

MADe software tool was selected for being the ddTS software that employs functional
analysis as a method to design IVHM solution duthng Conceptual Design phase of a new
asset. In the next section it will be shown thempirts of the program and how it works.

MADe is an engineering decision support solutioat tis used to consistently identify and
mitigate engineering risks based on their potentgdhnical, capability and economic
consequences. Creating a model that representysbesm and defining how it functions we
can get information about how, why and when it ¢aih and identify the dependency
between the different components or sub-systemshefsystem. The MADe analysis
capabilities are used to determine appropriategation for the potential impacts of failures
on availability and support costs.
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4.2 Functional Modelling

First thing we have to do to create our systero deffine its components and the component
functions. Component functions in Made act to sheowelationship between the various
outputs and inputs of different parts and compmetite relationship defined in the
components affects the response propagation istaray To define these functions the flows
need to be created, linked with causality and ttemected through the system. In MADe,
functions are defined in terms of the operatiorthef element with a verb. Once we have
selected the function, we have to define the ouindt input flows. MADe distinguish three

types of flow:

» Energy: Electrical, Thermal, Hydraulic, Mechanict.
* Material: Gas, Liquid, Solid or Mixtures.
» Signal: Continuous, Discrete or Generic.

o Fuel Delivery System £3 .
E Functions
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Figure 4-1 Functions in MADe
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When the flows are defined, you have to selectpitoperties of that specific flow. These
represent the functional requirements of the corapband are used to define its function and
its functional failure modes. Internal causal canioms must be defined between the inflows
and outflows properties of the component. To fdigscribe the causal relationships we have
to define its polarity and causal strength. An éame of an inflow property can cause an
increase (positive polarity) or a decrease (negagtlarity) in the outflow property. Causal
strength is defined as the degree to which thestdtoctional output flow will be perturbed
up or down by the input flow. The value of the awtrength is determined by the user.
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After the functions of the different components defined, then we have to stablish to
relationships between the components. They représefunctional interdependeces.

Control Valve

Assembly
Pump Assemm
' =
[ .
-
A
i
i
—

Figure 4-2 Components Connections

Changes to flows and properties may only occur initomponents or subsystems. The
connections between them do not operate on thesflow

Components can be divided too into individual ptrég have to be connected later forming a
pair. Parts do no fulfill a function by themselveswever they may work together with one
or more parts to fulfill a function. The pair edii window looks similar to the component
and subsystem function window except there is patifiow. Only output flows are required
to define the impact of the pair.

Once all the sub-models of a system have been gigglivith functions, we have to define
the system function. This will identify the inputdroutput flows that the system require to
perform its overall function. If the components ateeady connected, the only thing that is
left is to relate the components connections withibhputs and outputs of the system. These
are represented by grey shaded bars called MUX bars

RIU + Control Valve 1
Assembly
s | + Pump Assemb|y+ "3
! .

- > A
>l
..-— 4
Fuel Tank /
g i
—

i
'J

Figure 4-3 Component To System Connections
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4.3 Failure Diagrams.

We can assign hypothetical failures that are baséely on the erroneous properties of its
functional outputs. A failure diagram shows theusagre of event that to component failure.
To create the diagram, MADe distinguish betweerseaumechanisms, faults, failures and
symptoms.

-Cause The fundamental reason for a failure mode, wiicty see the physical degradation
or process leading to a failure mode. A cause odater to design, manufacture,
environmental, operational or maintenance actianaminput flow that exceeds specified
limits.

-Mechanismt The chemical, electrical or mechanical processchvhcauses physical
degradation of a system element and results inla fa

-Fault: Commonly used as a synonym for failure mode, hew@&v MADe the term fault
refers specifically to the physically degradedestadta system element (static) or a change in
its behavior (dynamic) that which will result ifalure mode.

-Failure: The variance of a property of the output flowadtinction. It occurs when the value
of that property is different from the nominal vaJubecause it is either too high or low.

-Symptom: The response of a failed system element thabearsed to detect a failure mode,
or a loss generated by a failure process that earséd to detect a failure mode.

We can create failure paths that define the ralahips between the concepts to generate a
functional fault tree for a component or part. Waén to create causal connections to the
failure terms in the following order: Causes — Mmabms — Fault — Failures and Symptoms.

After following all these steps, the model will lmeeated and we will be able to get
information from it such as FMEA reports that sumzethe effects of each potential failure
mode with respect to its local, next and end-effébe end-effect item is usually an item that
is chosen by the user and whose output flows degidgher or not the system is functioning

properly.
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4.4 UAV Fuel System Model

As it was explained before, the system that we &d create is a UAV fuel system which
contains the following components:

T
SN

Filter

D

Main Tank

Shut Off valve

A

Mozzle

Figure 4-4 Fuel system diagram

We created this model in MADe but we added someifisations to create a more realistic
system
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Figure 4-5 MADe Fuel system model
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Two of the components have been split in two, teoito have better understanding of how
the system works:

-Pump: Gear Pump + Motor Pump

-Shut-Off Valve: Valve Solenoid

We also added a power supply and a Control Unttithaur case is the LabVIEW program

that controls the system.

Component Function Input Flow Input Properties | Output Flow Output Properties
Main Tank Store Liquid (Material) Volume Liquid (Material) Flow rate
Electrical(Energy) Current
Power Supply [|Supply Electrical (Energy) Voltage
Electrical(Energy) Current
Continucus [Signal) Data Continucus (Signal) JAmplitude
Contral Unit Convert
Continuous [Signal) Data Continuous (Signal) JAmplitude
Filter Separate Liquid [Material) Flow rate Liquid [(Material) Flow rate
Electrical (Energy) Current Mechanical-rotation
Mator Pump Convert ) Angular Velocity
Continuous (Signal) Amplitude (Energy)
Liquid (Material) Flow rate
Gear Pump Supply Hydraulic (Energy) Flow rate
Mechanical-rotation (Energy)] Angular velocity
) Electrical (Energy) Current Mechanical-linear ) )
Valve Solenoid |Convert ) Linear velocity
Continuous (Signal) Amplitude (Energy)
Hydraulic (Energy) Flow rate
Shut-off Valve |Regulate Hydraulic (Energy) Flow rate
Mechanical-linear (Energy] |Linear velocity
Pipe Transport Hydraulic (Energy) Flow rate Hydraulic (Energy) Pressure
Nozzle Regulate Hydraulic (Energy) Pressure Hydraulic (Energy) Flow rate
Sump Tank Store Hydraulic (Energy) Flow rate Liquid [(Material) Volume
Liquid [Material) Volume
. Electrical (Energy) Voltage o 3
System Provide - — Liquid (Material) Volume
Continuous [Signal) Data
Continuous [Signal) Data

Table 4.1 - Functions, flows and properties
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4.5 UAV Fuel System Failure Diagrams:
4.5.1 Clogged Filter:
Filters usually get clogged for one of the follogireasons:

» Waxing of gelling: It occurs when fuel reachescitsud point and the paraffin in the
fuel crystalize. This happens in low temperatures.

* Water-freezing: The same cold temperatures con foerthat clog the filter.
» Asphaltenes: Particles that appear when fuel decsa®m

* Presence of bacteria and fungus.

v v v v v v v
Liquid contaminant High temperature Chemically reactive Damaged surface Low temperature Insufficient cleaning Contaminated input
(Filter) (Filter) contaminant (Filter) protection (Filter) (Filter) (Filter) flow (Filter)
s 1 T— . ne -~ n -
P:-.:)_.:)\p:-a_a P=10.0 P=10.0 IIP:_FV P=10.0 |P='{£/ P=10.0
\ 4 < \ 4
Coking (Filter)_p=10.0 Solidification (Filter) Buildup of debris
~10.¢ i ;
PR=10.0 =0 (Filter)
PR=10.0 P=10.0

FR=10.0

e

Blocked (Filter)

1}
P=10.0

e

Separate Liquid Flow
rate (Filter)

Figure 4-6 Clogged Filter Failure Diagram

4.5.2 Faulty gear pump:

The main reason why a gear pump can’t provide empugssure or flow is because it has an
excessive wear. This can be caused by:

» High mechanical loads and impacts.
* Presence of solid particles.

» Cavitation: Formation and collapse of bubbles ifioaving liquid which generates
high, localized loading on the surface.
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Figure 4-7 Faulty Gear Pump Failure Diagram

4.5.3Stuck shut-off valve
Stuck valves are usually caused by:
* A build-up of deposits, especially when heavilyded fuels are used

» Corrosion on the valve stem. Because the fit ofstieen in the guide is so snug, it

doesn't take much build-up on the valve stem terfate with free movement of the
valve within the guide.
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Damaged surface Untimely maintenance Corrosive Insufficient cleaning Solid particle Contaminated input
protection (Shut-off actions (Shut-off contaminant (Shut- (Shut-off Valve) contaminants (Shut- flow (Shut-off Valve)
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Regulate Hydraulic
Flow rate (Shut-off
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Figure 4-8 Stuck Shut-off Valve Failure Diagram 58



4.5.4 Leaking Pipe:

The reason why a pipe leaks is because a fracagdden produced somewhere. The main
factors that can lead to a fracture are:

* High mechanical load

» Creep: the tendency of a solid material to movevisil@r deform permanently under
the influence of mechanical stresses, especiatyghttemperatures.

v v v v
Mechanical shock High mechanical load High temperature Maximum centinuous
(Pipe] (Plpe] (Plpe] use time exceeded
P= : 0 P= : 0 P= ::- 0 (Pipe)

TN

Shear fracture (Pipe)

F=1 :J a Creep stress rupture
PR=10.0 {Pipe)
#
P=10.0
PR=10.0
Fractured (Pipe)
)
P=10.0

Transport Hydraulic
Pressure (Pipe)

Figure 4-9 Leaking Pipe Failure Diagram

4.5.5 Clogged Nozzle:

Nozzles inject the fuel and required a speciainétia in its maintenance. The main reasons
why nozzles get clogged are:

« Corrosion

» Dirt due to presence of solid particles in thedlui
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Figure 4-10 Clogged Nozzle Failure Diagram
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5. Conclusions and Future Work

The work | have been doing during these months@Gs part of more long-term project.

This report is therefore also a guide for the faitwork. In this section it will be exposed

some of the ideas that we could not carry out dutiiis time due to different reasons and
some proposals for future developments.

IVHM

IVHM is a means of establishing current and predicvehicle condition and using this
information to enhance operational decisions. & leen proved that this new approach has a
positive effect in the reliability and maintainatyilof the asset. IVHM reduces the life cycle
costs and provide the vehicle with a higher autgnoBescriptions of successful IVHM
applications demonstrate that the technology isureatbut the literature emphasizes the
expectations from future developments and clairas e main inhibitor is the difficulty of
assessing the trade-off between the associatesl @odtrisks and the future revenue. One of
the goals of this project is contribute to the @didation of tools and methodologies for the
design of IVHM systems.

LabVIEW

LabVIEW is a system-design platform and developnumveloped by National Instruments.
Its graphical systems design and programming laygyoéfer the performance and flexibility
of a programming language, as well as high levacttionality and configuration utilities
designed specifically for measurements and auteragplications. LabVIEW provides with
data acquisition tools to gather or generate inédion and data analysis and visualization
tools to process and present all this informatlbhas proved its value to acquire data from
the different sensors we used and to control alldifferent components with a very intuitive
interface.

TEST RIG

Due to equipment issues, we could not finish thestaction of the test rig for the UAV fuel
system. Specifically, we did not get in time thes@hbte pressure sensor and the direct
proportional valve that simulate the failures. Aftee installation of these components, the
future work should focus on verification and vatida of the fuel rig. All the sensor and
components must be tested in order to find possi@asurements errors or inadequate
performances. Once all this work is done, the systapacity of simulate both normal and
fault scenarios as well as detect and isolate &nduld be tested. The work would finish with
the creation of physical model of the system withexmo-fluid system simulation software.
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MADe

We created a MADe model of the fuel system inclgdihe failure diagrams of the five
failure modes which purpose was to develop a qiadd functional modelling of the system
to perform analysis and assessment of the failufes. model automatically generates a
sensor set that contains a diagnostic rule sestiatld be validated on the fuel rig. The goal
is to design an IVHM solution capable of discriming between normal and faulty scenarios
and isolate all five faults. The qualitative diagho layer produced by MADe will have to be
complemented by a quantitative layer obtained lygiglal simulation of the system flows.
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APPENDIX 2: DATA SHEET



DTS 1000011032 EN Version: O Status: RL (released | freigegeben | validé) printed: 29.08.2013

6013

Type 6013 can be combined with...

Type 2508
Cable plug Timer unit

Type 1078

This direct-acting 2/2-way miniature solenoid
valve is available in two versions.

Standard version:

Type 6013 is a small direct acting solenoid
valve for general purpose used for shut-off
and dosing. It is of modular design and may be
mounted individually or as a block on a multiple
manifold.

Analysis and vacuum technology:

Type 6013 A'is a high-quality small solenoid
valve for analysis and vacuum technology.

It is manufactured under clean-room condi-
tions. This includes thorough cleaning of all
parts in contact with media from organic and
inorganic substances. The limit for residual
hydrocarbons is below 0.2 mg/dm2

The valve will undergo an external 100 % non-
standard leakage test with respect to seat
tightness and impermeability. The permissible
leakage rate is 10 mbar I/s. The valve is used
for shut-off, dosing, filling, ventilating and par-
ticularly for analysis technology.

Circuit Function A

20 2/2-way valve,
normally closed by
1(P) spring fornce

Circuit Function B

2(A 2/2-way valve,

normally open by
1P spring fornce

burkert

FLUID CONTROL SYSTEMS

2/2-way direct acting solenoid valve

= High quality seal material

= Special versions up to +180°C

= Impulse version optional

= Threaded port and sub-base connections

= Explosion proofed version optional

Type 2511
ASI Cable plug

Technical data

Body material

Type 6013 Brass, stainless steel 1.4305

Type 6013 A Brass, stainless steel 1.4305
Seal material FKM, PTFE/Graphite (EPDM on request)
Analysis version Silicon, oil and fat free version
Type 6013 A Tightness <10 mbar I/s

Limit value for risidual carbon

Type 6013 A <0.2 mg/dm?
Medium = Technical vacuum
Type 6013 = Neutral gases and liquids
(e.g. compressed air, water, hydraulic oil)
Type 6013 A = Neutral medium, which does not attack the body

and seal materials (see chemical r \ce chart)

Media temperature
FKM

PTFE/Graphite
FKM, Circuit function B

-10 to +100 °C (PA coil) till 120°C (Epoxy coil)
Up to +180 °C (see chemical resistance chart)
-10 to 100°C (AC) -10 to 120°C (DC)

Ambient temperature

Max. +55 °C

Viscosity Max. 21 mm2/s
Port connection
Type 6013 G1/8, G1/4, G3/8, sub-base
Type 6013 A G1/8, G1/4
Operating voltage
Type 6013 24 V DC, 24 V/50 Hz, 230 V / 50 Hz
Type 6013 A 24 V DC, 230 V / 50 Hz (other voltages on request)

Voltage tolerance

+ 10%

Duty cycle/single valve

With block assembly on manifold

100% continuous rating
Intermittent operation 60% (30 min) or with 5 W coil
on request

Electrical connection

Tag connector acc. to DIN EN 175301-803 Form A
(previously DIN 43650) for cable plug Type 2508
(see accessories)

Installation

As required, preferably with actuator upright

Assembly

No oils, fats or silicone to be used during installation

Protection class

IP65 with Cable Plug

Coil insulation class

Polyamide class B
Epoxy class H
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Technical data, continued

Circuit function A

Orifice | Port Kv-value Weight Power consumption " Electr. power | Coil size Response times
connection | water Inrush | Hold opening | closed
[mm] [m3/n] | [g] wi (AC) (AC) [ms] [ms]
2.0 G1/8 0.12 325 8W AC or 8W DC (9) 24VA |17 VA |5 (832mm) 20 30
2.0 G1/4 0.12 465 8W AC or 8W DC (9) 24 VA |17 VA |5 (32mm) 20 30
2.0 sub-base 0.12 290 8W AC or 8W DC (9) 24VA |17 VA |5 (832mm) 20 30
2.5 G1/8 0.16 325 8W AC or 8W DC (9) 24 VA |17 VA |5 (32mm) 20 30
2.5 G1/4 0.16 465 8W AC or 8W DC (9) 24 VA |17 VA |5 (32mm) 20 30
3.0 G1/8 0.23 325 8W AC or 8W DC (9) 24VA | 17VA |5 (32mm) 20 30
3.0 G1/4 0.23 465 8W AC or 8W DC (9) 24 VA |17 VA |5 (32mm) 20 30
3.0 G3/8 0.23 550 10W AC or 10WDC (11) 30 VA |22 VA |6 (40mm) 20 30
4.0 G1/4 0.30 465 8W AC or 8W DC (9) 24 VA |17 VA |5 (32mm) 20 30
4.0 G3/8 0.30 550 10W AC or 10WDC (11) 30VA |22VA |6 (40mm) 20 30
6.0 G1/4 0.55 465 8W AC or 8W DC (9) 24 VA |17 VA |5 (32mm) 20 30
6.0 G3/8 0.55 550 10W AC or 10WDC (11) 30 VA |22VA |6 (40mm) 20 30

Circuit function B

Orifice Port Kv-value Weight  Power consumption Electr. power Coil size Response times
connection  water Inrush | Hold opening | closed

[mm] [m3/h] | [g] wi (AC) (AC) [ms] [ms]
2.00 G 1/8 0.12 325 7 W(AC) or 8 W DC (9) 24VA 17VA 5 (32mm) 20 30
2.00 G 1/4 0.12 465 7 W(AC) or 8 W DC (9) 24VA 17VA 5 (32mm) 20 30
2.00 sub-base 0.12 290 7 W(AC) or 8 W DC (9) 24VA 17VA 5 (32mm) 20 30
3.00 G1/8 0.23 325 7 W(AC) or 8 W DC (9) 24VA 17VA 5 (32mm) 20 30
3.00 G 1/4 0.23 465 7 W(AC) or 8 W DC (9) 24VA 17VA 5 (32mm) 20 30
3.00 sub-base 0.23 290 7 W(AC) or 8 W DC (9) 24VA 17VA 5 (32mm) 20 30
4.00 G 1/4 0.3 465 7 W(AC) or 8 W DC (9) 24VA 17VA 5 (32mm) 20 30
6.00 G 1/4 0.55 465 7 W(AC) or 8 W DC (9) 24VA 17VA 5 (32mm) 20 30

D Values in brackets at coil temperature 20°C

Materials

Locknut:  Stainless steel

(surface finish
thick film passivated) — |

(Brass version)

Stainless st. 1.4305 PTFE Stopper: 1.4105
(stainless steel version) | Shading ring: Cu (brass version)

Cable plug: PA (polyamide) ———— AG (stainless steel version
Flat seal: ~ NBR

DTS 1000011032 EN Version: O Status: RL (released | freigegeben | validé) printed: 29.08.2013

Spring: 1.4310
Coil: PA (polyamide) ; .
Epoxy (high temperature h Magnetic core: 14105
version
Cover: Polyamide Armature guide tube:  1.4303
. Seal: FKM
Sub-base: tS’:[ICSQéE;J r;aa(;esivated) | ——] — (Graphite high temp. Version)
| Armature seal:  FKM

Stainless steel 1.4301 (PTFE high temp. Version)

~{—— Valve body: Brass
Stainless steel 1.4305
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Ordering chart for valves (other versions on request)

6013 Universal valve with FKM seal, brass and stainless steel body (Polyamide coil)
Delivered without cable plug (see accessories)

'E g § 5 :a:' = > =
= © Q T = -
oe £ v £ >3 =_ -] S5z EusS EZTS
53 S &8 gE S2 as Si3 258 | 258
A 2/2-way valve NC 2.0 G 1/8 0.12 8 0-12 024/DC 134 237 134 233
0-25 024/50 132 865 134 234
20 0-25 230/50 134 239 134 236
G1/4 0.12 8 0-12 024/DC 137 537 137 533
Uz 0-25 024/50 137 538 137 534
0-25 230/50 137 540 137 536
sub-base 0.12 8 0-12 024/DC 134 244 -
0-25 024/50 134 245 —
0-25 230/50 134 247 =
2.5 G 1/8 0.16 8 0-10 024/DC 134 240 -
0-16 024/50 134 241 =
0-16 230/50 134 243 -
3.0 G 1/8 0.23 8 0-6 024/DC 126 091 126 078
0-10 024/50 126 092 126 079
0-10 230/50 126 094 126 081
G1/4 0.23 8 0-6 024/DC 125 301 125 317
0-10 024/50 125 302 126 082
0-10 230/50 125 304 126 084
4.0 G1/4 0.30 8 0-15 024/DC 125 306 125 318
0-4 024/50 125 307 125 319
0-4 230/50 125 309 125 320
6.0 G1/4 0.55 8 0-05 024/DC 125 311 126 086
0-15 024/50 125 312 126 087
0-15 230/50 125 314 126 089

" Measured at +20 °C, 1 bar? pressure at valve inlet and free outlet..
2 Measured as overpressure to the atmospheric pressure

Ordering chart for valves

6013 Universal valve with FKM seal, brass body (Epoxy coil)

Delivered without cable plug (see accessories)

DTS 1000011032 EN Version: O Status: RL (released | freigegeben | validé) printed: 29.08.2013

s 5 o
7] E c s s
c £ o H = ] oy q
= — E= [P o H 3 £ o
E 2 g 3= + 2 B8 ;
= 2 [ —_ ]
3 : £ £ 23 i £82 8
5} o e S g .E ) 32 S =
B 2/2-way valve NO 20 oy o012 0-16 8 24/DC 213 543
7 230/50 213 550
oA 8 24/DC 213 545
— G1/8 0.23 0-8
,71 | 50 7 230/50 213 551
—F ' a1 093 o 8 24/DC 213 546
' 7 230/50 213 552
40 _ 03 0-4 8 024/DC 213 548
' ‘ 7 230/50 213 553
6.0 _ 055 0.9 8 024/DC 213 549
' ' 7 230/50 213 554

" Measured at +20 °C, 1 bar? pressure at valve inlet and free outlet..
2 Measured as overpressure to the atmospheric pressure
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Ordering chart for valves

6013 Universal valve with FKM seal, G 3/8, brass body (polyamide coil)

Delivered without cable plug (see accessories)

c -
] 8 qg”
S E 5 g 5 s > - S
2 E £ - z ¢ 3L 588 | 58858
= o 2 e 33 03— c?n clon
S o Q ® = Q 0o o 3N ") T —
o = £ E s = 0= Sox EusS E=0S
= = S5 >E oF <] o923 o SX% cSQoX%
(3] o oo x5 o= [ S =S 200
A 2/2-way valve NC 3.0 G 3/8 0.23 10 0-8 024/DC 134 248 135 430
0-14 024/50 134 249 135 431
24 0-14 230/50 134 251 135 433
4.0 G 3/8 0.30 10 0-25 024/DC 134 252 135 434
1(P) 0-6 024/50 134 253 135 435
0-6 230/50 134 255 135 437
6.0 G 3/8 0.55 10 0-0.75 024/DC 134 256 135 438
0-25 024/50 134 257 135 439
0-25 230/50 134 259 135 441
™ " Measured at +20 °C, 1 bar? pressure at valve inlet and free outlet..
S 2 Measured as overpressure to the atmospheric pressure
«
o0
S
&
5 Ordering chart for valves
Q
g 6013  Valves for high temperature applications (to £180°C), PTFE seat seal, brass body
< Delivered without cable plug (see accessories)
=l Brass body with Stainless steel seat
© ;
> (Epoxy coil)
[
8
g s ] )
S ] E s 8
b c E H H S e >
£ 3 E £ - 2 ® 3 e 5
p = o 2 25 9 5. 20 2
2 = 2 c © £ = o 83N
g £ * 5¢ T 3 £% s&3 5
S o o a S gE 82 ) Sk= 2
©
= A 2/2-way valve NC 2.0 G1/4 0.12 8 0-12 024/DC 136 015
—
[ A 0-25 024/50 186 016
,S L 0-25 230/50 136 018
& [/ T 3.0 G1/4 0.23 10 0-6 024/DC 136 019
o P 0-10 024/50 136 020
g 0-10 230/50 136 022
® G 3/8 0.23 10 0-8 024/DC 136 023
9]
> 0-14 024/50 136 024
zZ 0-14 230/50 136 026
% " Measured at +20 °C, 1 bar? pressure at valve inlet and free outlet.
9 2 Measured as overpressure to the atmospheric pressure.
S
S
S
S
wn
=
o
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DTS 1000011032 EN Version: O Status: RL (released | freigegeben | validé) printed: 29.08.2013

eons burkert

Ordering chart for valves, Standard temperature version for DC power supply, impulse version

All valves with 32mm coil(AC10), Impulse version, seal material FKM,thermal Insulation class H (epoxy coil),

medium temperature -10°C to 120°C, without manual override and cable plug

E‘ Item no. per voltage/
c c - Q= frequency [V/Hz]
S 2 8 - cS
g 8 E g = g8
= E E. 0 o g 0T
= 8 o 2= 2% - E 8 g 8
3 s < 23 8 s23 N 3
3 & S <E g s &8s b 8
A 2/2-way valve Brass body
- 2.0 0.12 0-16 7 209 266 209 272
2(A
Sub-base 2.5 0.16 0-10 7 209 267 209 273
1(P) 3.0 0.23 0-6 7 209 268 209 274
2.0 0.12 0-16 7 209 269 209 275
G 1/8 2.5 0.16 0-10 7 209 270 209 276
3.0 0.23 0-6 7 209 271 209 277

" Measured at +20 °C, 1 bar? pressure at valve inlet and free outlet..
2 Measured as overpressure to the atmospheric pressure

Please note that the cable plug must be ordered separately, see accessories on page 8 and separate datasheet, Type 2508.

Control for impulse version with polarity reversal control

Polarity is marked on the coil with a label Features Terminal connections

- switch ON + valve (P-seat) open (+) on terminal 2 and (-) on terminal 1 (see below)

+ switch OFF - valve (P-seat) closed (+) on terminal 1 and (-) on terminal 2 (see below)
Protective

conductor

Polarity is marked on the coil with a label
port

— switch ON +
+ switch OFF -

+ port

valve coil

connection

Pulse duration at least 50 ms.

Note: Please use only the cable plug without electrical circuitry for the impulse version

p. 5/9




6013

DTS 1000011032 EN Version: O Status: RL (released | freigegeben | validé) printed: 29.08.2013

Technical data - analytical version

burkert

Analysis version

Media flowing through are not contaminated

Limit for risidual carbon

<0.2 mg/dm?2

Permissible leakage rate for
medium

10-4 mbar I/sec

= Neutral medium, which does not attack the
body and seal materials

= Technical vacuum

Electr. connection

Tag connector acc. to DIN EN 175301-803 Form A

(previously DIN43650) for cable plug Type 2508

(see accessories)

Mounting instructions

No oils, fats or silicone used during the assembly

Ordering chart for valves

(other versions on request)

Solenoid valves for higher Requirements
This version is particularly suitable for switch-
ing from extremely pure gaseous medium. All
media-affected parts are submitted to addi-
tional purification processes, so that the media
is not contaminated under any circumstances.
The assembly takes place under clean-room
conditions.

The tightness test takes place at the Helium
leak detector from a min. of 10** mbar I/sec.

6013A Analytical valve with brass body and FKM seal, (Polyamide coil)

Delivered without cable plug (see accessories)

c .
02 ) )
‘6 E = T" g A
5 £ S 2 _ Y g )
= — = [ e H B c O
= o @ = 3a Q 08— c
S o o ® < S =% & 3N
3 = - >3 8% 3 =8 E
= = o0 >E =] OE o235 [}
(3] o oo ¥ £ ol (3] S =
A 2/2-way valve NC 2.0 G 1/8 0.12 0-12 8 24/DC 137 826
A 0-25 230/50 137 827
T T L 25 G1/8 0.16 0-10 8 24/DC 137 828
/] T 0-16 230/50 137 829
|;> 3.0 G 1/4 0.23 0-6 8 24/DC 137 830
0-10 230/50 137 831
4.0 G 1/4 0.30 0-1.5 8 24/DC 137 832
0-4 230/50 137 833
" Measured at +20 °C, 1 bar? pressure at valve inlet and free outlet..
2 Measured as overpressure to the atmospheric pressure
6013A Analytical valve with stainless steel body and FKM seal, (Polyamide coil)
Delivered without cable plug (see accessories)
c T
2 ) )
] E s 8
c 5 H = H >
E £ S o~ o 2 N 8 q
- = k7] Ea 5 ] S5 2
= [} @ == 3 o 3= c
35 K] c [ 0= Q s 2N
o = te > = =— = L £
= = o o > E -3 o E. RN [7)
O o oo ¥ £ ol (3] S =
A 2/2-way valve NC 2.0 G 1/8 0.12 0-12 8 24/DC 137 818
"f‘ 0-25 230/50 137 819
[} 1 2.0 G1/4 0.12 0-12 8 24/DC 137 820
/1 T 0-25 230/50 137 821
P 3.0 G 1/4 0.23 0-6 8 24/DC 137 822
0-10 230/50 137 823
4.0 G 1/4 0.30 0-1.5 8 24/DC 137 824
0-4 230/50 137 825

" Measured at +20 °C, 1 bar? pressure at valve inlet and free outlet..
2 Measured as overpressure to the atmospheric pressure

Please note that the cable plug must be ordered separately, see accessories on page 8 and separate datasheet, Type 2508.
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Dimensions [mm]

View without cable plug

12 27
10 G1/8 18
L]
= ———

15,1

41

1
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LJ.{@?}_ th _=_|_==|. | I=j_ ©
\:.,/ “ . | L]
M4 I G
4x 8 deep B L_’
024 5
32
35
7 / [
e :
&\é/ -
/’l‘ N
24
20 F Sub-base version

underside view

DTS 1000011032 EN Version: O Status: RL (released | freigegeben | validé) printed: 29.08.2013
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G3/8 connection o N |3
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11 11y I
o |
il [ 15 7
— L —
T 1 T
| |
| | =<
| |
== fg i oo
(]
G | |
30 20 4J :
B M4
Port Body dimensions [mm] Coil width Coil depth
connection A B (o4 D G E [mm] F [mm]
G1/8 G1/8 392 20.8 32.6 8 32 (8W) 45 (8W)
G1/4 G1/4 46 26.8 49 12 32 (8W) 45 (8W)
G3/8 G3/8 50 39.8 49 12 40 (10W) 51 (10W)
Sub-base = 32 14.3 32.6 = 32 (8W) 45 (8W)
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Manifold mounting

Single manifold

17 8
j—
2,5
N 1
o~ S
@ )
: T 1 5
8| 3| =2 4aE
X ‘_}_' —
== =l &
IR
T Q
24
32
Multiple manifold
)
& A
3 C
o
«
S .
= F——]
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o
g Ordering chart for Manifolds
w
3
= -
wn
2 £e g
(@] 0 =20 c
. o cw® 9
5 8§ 528 5
? <a 0%a =
2 Single manifold in aluminium 005 020
E Multiple manifold in aluminium Hole spacing A [nm]  Total length B [nm]  Hole spacing C [mm]
o 2 57 65 = 005 023
8 3 90 98 = 005 286
g 4 123 131 = 005 287
S 5 156 164 57 005 035
e 6 189 197 57 005 038
Q 8 255 263 90 005 386
o 10 321 329 90 005 764
Connector nipple with O-Ring, to connect from manifold 005 040
Covering plate with screws and O-ring for locking unoccupied valve positions 005 630

With manifold mounting, please comply with the permissible duty cycle (6W models with 100% continuous rating or 8W model with 60% duty cycle).
The pressure port for the manifold is designated with P (R), and the outlet port with A (B). Only connect together ports with the same designation.

2/2-way valves of Type 6013 can be operated together on a manifold with 3/2-way valves of Type 6014, circuit function C (not D or T!) if the operat-
ing pressures agree according to the rating plates. The manifolds can also be expanded if the valve functions are taken into consideration. Connector

nipples with O-rings are used to connect the P (R) ports.

Attention!
Unused, open valve ports must be closed off with covering plates (see accessories). Manifold should be fixed on to a rail.
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6013

Ordering chart for accessories

burkert

Included in delivery is a cable plug with flat seal and fixing screw.

Other versions with cable plug acc. to DIN EN 175301-803
(previously DIN43650), see Datasheet: Type 2508.

Circuit Voltage Item no.
without circuitry 0-250V 008 376
with LED 12-24V 008 360
with LED and varistor 12 -24V 008 367
with LED and varistor 200 -240 V 008 369
with inverter 24V DC on request
further versions see datasheet Type 2508

" The inverter plug contains an electronic, which especially enables the electric 3 wire control

Input for 3 wire technology, common “-" polarity, two split “+" polarity.
Output suitable for implulse version for Type 6013/6014

ﬂ Further versions on request

Ex version

UL/UR/CSA

ATEX

FM / CSA-EX Div 1/2

European gas approval Class A, Group 2

@ Approval
o

Port connection
Threaded port NPT, Rc

ﬁ Voltage
Further voltages
Materials

Seal material EPDM

% Pressure
K Variants with increased coil power for higher medium pressure

In case of special application conditions,
please consult for advice..

Subject to alterations
© Christian Birkert GmbH & Co. KG

Type 25608 Cable plug
acc. to DIN EN 175301-803
(previously DIN 43650)

1306/12_EU-en_00891729
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Release date: 2013-09-18 11:09 Date of issue: 2013-10-07 418066_en

Ce %

Model Number

DK10-LAS/76a/110/124

Print mark contrast sensor
with 5-pin, M12 x 1 connector

Features

e Laser print mark contrast sensor for
recording very small print marks

* Large focus depth range from
3 mm ... 300 mm

* Laser class 2, eyesafe
* Adjustable sensitivity

* 30 us response time, suitable for ex-
tremely rapid scanning processes

Product information

The contrast sensor series DK10, DK2X,
DKE2X and DK3X have an extreme robust
and IP67 tight industrial standard housing
with eight M5 metal reinforced inserts for sen-
sor mounting. The lenses are made of high
grade glass. All sensors offer different light
spot shapes and orientations and have
powerful push-pull outputs (NPN/PNP/push-
pull).

The DK10 sensor series offers laser and LED
light sources, a manual sensitivity adjustment
and high sensing ranges up to 800 mm.

The DK20/DK21/DKE2X standard contrast
sensor series offers a very good contrast
recognition and are available in extreme
robust stainless-steel housings (DKE).

The DK31/DK34/DK35 sensor series is desi-
gned for cutting edge contrast recognition at
highest sensitivity level.

The series DK20/DK34 offer a static Teach-In,
the DK21/DKE21/DK31/DK35 series offer a
dynamic Teach-In.

Dimensions

Sensitivity adjuster Display LED

T

Bright/dark switch

Shield

33

85.6

T
]
—H

4

LASER LIGHT

DO NOT STARE INTO BEAM
CLASS 2 LASER PRODUCT
WAVELENGTH: 650 nm

MAX PULSE ENERGY: 2,1 nJ
PULSE DURATION: 1,5 us

IEC 60825-1: 2007 CERTIFIED.
COMPLIES WITH 21 CFR 1040.10
AND 1040.11 EXCEPT FOR DEVIA-
TIONS PURSUANT TO LASER NOTICE
NO. 50, DATED JUNE 24, 2007.

16.5 Light beam cross-section

235

28

M12 x 1
15_|| 47.9
Electrical connection
/110
1 — +UB
2 —n.c
3 |—ov *
L DOl
5 |—Test — —4—
Pinout
1
5

Refer to “General Notes Relating to Pepperl+Fuchs Product Information”.

Pepperl+Fuchs Group USA: +1 330 486 0001
www.pepperl-fuchs.com fa-info@us.pepperl-fuchs.com

Germany: +49 621 776 4411
fa-info@de.pepperl-fuchs.com

l M5 (8 x) Screw in depth 5

Singapore: +65 6779 9091 E PEPPERL+FUCHS

fa-info@sg.pepperl-fuchs.com

SENSING YOUR NEEDS

1



Technical data

General specifications
Sensor range
Detection range
Light source
Light type
Laser nominal ratings
Note
Laser class
Wave length
Beam divergence
Pulse length
Repetition rate
max. pulse energy
Light spot representation
Ambient light limit
Continuous light
Functional safety related parameters
MTTFy4
Mission Time (Ty)
Diagnostic Coverage (DC)
Indicators/operating means
Function indicator

Control elements
Electrical specifications
Operating voltage Ug
Ripple
No-load supply current lg
Input
Test input
Output
Switching type
Signal output

Switching voltage
Switching current
Switching frequency f
Response time
Ambient conditions
Ambient temperature
Storage temperature
Mechanical specifications
Protection degree
Connection
Material
Housing
Optical face
Mass

Compliance with standards and directi-

ves

Directive conformity

Standard conformity
Product standard

Shock and impact resistance
Vibration resistance

Laser class

Approvals and certificates
UL approval
CCC approval

300 mm

3...300 mm

laser diode

modulated visible red light

LASER LIGHT , DO NOT STARE INTO BEAM
2

650 nm

< 1.5 mrad

1.5us

108.7 kHz

21 nd

approx. 0.8 mm at a distance of 300 mm

40000 Lux

550 a
20a
60 %

LED yellow: lights up if receiver is lit (light on), lights up if receiver
is not lit (dark on)

Light/Dark switch, sensitivity adjuster

10...30VDC
10 %
<55 mA

emitter deactivation with +Ub

light/dark on switchable

Push-pull output, short-circuit protected, reverse polarity protec-
ted

PNP: Ug -2.5V/NPN: Ugeg 1.5V
max. 200 mA

16.5 kHz

30 us

-10...50 °C (14 ... 122 °F)
20...75°C (-4 ... 167 °F)

P67
M12 x 1 connector, 5-pin

PC (glass-fiber-reinforced Makrolon)
glass
2009

EMC Directive 2004/108/EC

EN 60947-5-2:2007
IEC 60947-5-2:2007

IEC / EN 60068. half-sine, 40 g in each X, Y and Z directions

IEC / EN 60068-2-6. Sinus. 10 -150 Hz, 5 gineach X, Y and Z
directions

IEC 60825-1:2007 Complies with 21 CFR 1040.10 and 1040.11
except for deviations pursuant to Laser Notice No. 50, dated
June 24, 2007

cULus Listed , Class 2 power source
CCC approval / marking not required for products rated <36 V

Accessories
V15-G-5M-PVC
Female cordset, M12, 5-pin, PVC cable

V15-W-5M-PVC
Female cordset, M12, 5-pin, PVC cable

OMH-DK
Right-Angled Mounting Bracket

OMH-DK-1
Flat Mounting Bracket

Other suitable accessories can be found at
www.pepperl-fuchs.com

2

Refer to “General Notes Relating to Pepperl+Fuchs Product Information”.

Pepperl+Fuchs Group USA: +1 330 486 0001
www.pepperl-fuchs.com fa-info@us.pepperl-fuchs.com

Germany: +49 621 776 4411

fa-info@de.pepperl-fuchs.com fa-info@sg.pepperl-fuchs.com

Singapore: +65 6779 9091 E PEPPERL+FUCHS

SENSING YOUR NEEDS
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Detection ranges DK10-LAS

Object colour

grey | |

white

[ [ [ [ 1
0 50 100 150 200 250 300 350 400
Distance X [mm]

Curves/Diagrams

Emission divergence DKI0-LAS

Beam cross-section
1

0.8

0.6
0.4
0.2

0

02

0.4

06

08

-1

0 50 100 150 200 250 300 350
X Distance X [mm]

=

Adjustment instructions

Switching threshold adjustment

The required switching threshold is adjusted with the sensitivity control. Please proceed as follows:

1.
2.
3.

© N oA

Switch the light/dark change-over switch to the light setting.

Point the light spot at the light part of the surface being scanned.

If the yellow indicator LED lights up, turn the sensitivity control to the left until the indicator LED goes off again.

If the yellow indicator LED does not light up, miss out this step.

Turn the sensitivity control to the right until the indicator LED just lights up.

Point the light spot at the dark part of the surface being scanned.

The indicator LED must have gone off.

Turn the sensitivity control to the right again until the indicator LED lights up again. Counting the number of turns.
Turn the sensitivity control back to the left by half the number of counted turns.

Once the DK10 colour mark scanner has been adjusted in this way, the switching thres-hold is exactly in the middle of the
measured light and dark values. The greater the number the number of times the sensitivity control is turned between the light
and the dark marks, the greater the contrast.

Recommendation: The number of turns should be to > 0.5.

Switching mode adjustment:

. Setting of. Receiver Output Qutput
light/dark switch PNP NPN
exposed inactive active

: unexposed active inactive

b exposed active inactive
unexposed inactive active

Refer to “General Notes Relating to Pepperl+Fuchs Product Information”.
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. Print mark contrast sensor laser DK10-LAS/76a/110/124

¢ The irradiation can lead to irritation especially in a dark environment. Do not point at people!

¢ Caution: Do not look into the beam!

* Maintenance and repairs should only be carried out by authorized service personnel!

Attach the device so that the warning is clearly visible and readable.

¢ Caution - Use of controls or adjustments or performance of procedures other than those specified herein may result in hazard-
ous radiation exposure.
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Refer to “General Notes Relating to Pepperl+Fuchs Product Information”.
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GE
Measurement & Control Solutions

UNIK 5000

Pressure Sensing Platform

The UNIK 5000 is a high performance configurable
solution to pressure measurement. The use of
Druck silicon technology and analogue circuitry
enables best in class performance for stability,

low power and frequency response. The use of
modular design and lean manufacturing techniques
allow users to design the product required to their
unique application requirements and for them to be
delivered inside standard product lead times.

Features
e Ranges from 70 mbar (1 psi) to 700 bar e Multiple pressure connector options
(10,000 psi)
e Operating temperature ranges to -55 to 125°C
 Accuracy to £0.04% Full Scale (FS) Best Straight (-67 to 257°F)
Line (BSL)

Frequency response to 5 kHz
e Stainless Steel construction

High reliability
e Hazardous Area certifications (Pending)

High stability
e mV, mA, voltage and configurable voltage outputs

High over pressure capability
 Multiple electrical connector options

GE imagination at work



5000 Specifications Supply and Outputs

Electronics Description Supply voltage  Output Current

Option v) Consumption
Measurement (ma)
0 mV Passive 251012 10 MV~ <2at10V
Operating Pressure Ronges 1 mV Linearised 71012 10 mv/VA - <3
Gauge ranges 2 mA 71032 4-20 mA 4-20
Any zero based range between 70 mbar and 70 bar 3 0105V 4-wire 7to32 Oosv. <3
(1 to 1,000 psi) (values in psi are approximate) 4 0to 5V 3-wire 71032 Oto5Vv* <3
5 1to 6V 3-wire 7to32 lto6V <3
Sealed GOUge Ranges 6 0to 10V 4-wire 121032 Oto1l0V <3
Any zero based range between 10 and 700 bar , 051045V Ratometric 50205 051045y <3
. . . | LOx0. . . <
(145 to 10,000 psi)
P 8 Isolated/Configurable 7to 36 See below  See below
Absolute anges ~ with a 10 volt supply mV output sensors give 100 mV over the full scale
Any zero based range between 350 mbar and 700 bar pressure.
(5 to 10,000 pSI) ¢ Output is ratiometric to the supply voltage
' » Output reduces pro-rata below 350 mbar (5 psi)
Differential Ra nges *0 to 5 V 3-wire output is non true zero. At pressures below 1% of span the
output will be fixed at approximately 50 mV
Wet/Dry
Un|-d|rect|oin0| or bi-directional 70 mbar to 35 bar Isolated/Configurable (Option 8)
(1t0 500 psi) Any pressure signal output configurations will be
Wet/Wet available, subject to the following limitations:
Uni-directional or bi-directional 350 mbar to 35 bar * Minimum span: 2V
(5 to 500 psi) e Maximum span: 20 V

e QOutput limits: 10V

Line pressure: 70 bar max (1000 psi) i
e Maximum zero offset: < span

Borometlfic Ranges ‘ _ N Reverse output response to pressure is available.
Barometric ranges are available with a minimum span of  The output will continue to respond to 110% FS. i.e.if a 0 to
350 mbar (5.1 psi) 10 V output is specified, the output will continue to increase

proportionally to applied pressure until at least 11 V.
Current consumption is <20 mA @ 7 Vdc supply, reducing
to <5 mA @ 32 Vdc supply. On startup <100 mA drawn for
10 ms typically.

Non Zero Based Ranges
Non zero based ranges are available. Please contact
GE Sensing to discuss your requirements

Over Pressure
Examples

* 10 x FS for ranges up to 150 mbar (2 psi)
¢ 6 x FS for ranges up to 700 mbar (10 psi)

e 2 x FS for barometric ranges -10to 0V 0to 12V (outside =10 V limits)
e 4 x FS for all other ranges (up to 200 bar for ranges Otos5V 6 to 10V (offset too big)
<70 bar and up to 1200 bar for ranges >70 bar) 5to+5V 0t0 0.5V (span too small
-2to10V
For differential versions the negative side must not 1to6V
exceed the positive side by more than: 10100V

* 6 x FS for ranges up to 150 mbar (2 psi)

4 x FS for ranges up to 700 mbar (10 psi)

e 2 x FS for all other ranges up to a maximum of
15 bar (200 psi)

Power-Up Time
e mV, Voltage and current versions: 10 ms
e Isolated/configurable version: 500 ms

Containment Pressure

Ranges up to 150 mbar (2 psi) gauge 10 x FS
Ranges up to 70 bar (1000 psi) gauge 6 x FS
(200 bar (3000 psi) max)

Ranges up to 70 bar (1000 psi) absolute

200 bar (3000 psi)

Ranges above 70 bar (1000 psi)

1200 bar (17500 psi)

Shunt Calibration

Shunt Calibration provides a customer accessible
connection which, when connected to -ve supply (mV) or
-ve signal (isolated configurable), cause a shift in output
of 80% FS in order to simulate applied pressure.

It is fitted to the mV and Isolated/Configurable versions as
standard. It is not available with DIN or M12x1 electrical
connectors (options 7 and G).

Differential (-ve port) must not exceed positive port by
more than 6 x FS (15 bar (200 psi) maximum)



Performance Specifications Physical Specifications

There are three grades of performance specification: Environmental Protection
Industrial, Improved and Premium * See Electrical Connector section

e Hyperbaric Pressure: 20 bar (300 psi) maximum
Accuracy
Voltage, Current and mV Linearised Operating Temperature Range
Combined effects of non-linearity, hysteresis and See Electrical Connector section
repeatability:
Industrial: +0.2% FS BSL .
Improved: +0.1% FS BSL Pressure Media

S e Fluids compatible with Stainless Steel 316L and

Premium: +0.04% FS BSL

Hastelloy C276.

. For the wet/dry differential version, negative pressure port:

mV Passive . . . : o
<70 bar fluid comp0t|b|e_W|th stainless steel 316L, pyrex, silicone and
Industrial: +0.2% FS BSL structural adhesive.
Improved: +0.2% FS BSL
> 70 bar Pressure Connector
Industrial: +0.5% FS BSL Available options are
Improved: +0.5% FS BSL o G1/4 female*

e G1/4 male flat

e G1/4 male 60° internal cone
e G1/8 male 60° internal cone
e 1/4 NPT female*

e 1/4 NPT male

Zero Offset and Span Setting
Voltage and Current Outputs

Adjustable electrical connector options allow access to e 1/8 NPT male
potentiometers that give at least +5% FS adjustment e M20 % 1.5 male

(see Electrical Connector section) e M14 x 15 60° internal cone
Factory set to: e M12 x 160° internal cone
Industrial: +0.5% FS e 7/16-20 UNF male
Imprqveq: 10'22/0 = * G1/2 Male via Adaptor*
Premium: 0.2%FS « 1/2 NPT Male via Adaptor*
mV Outputs * Depth Cone (G1/4 female)

All specifications +3 mV
Choose connectors marked * for pressure ranges over

70 bar.
Other pressure connectors may be available.
Contact GE Sensing to discuss your requirement

Long Term Stability
+0.05% FS typical (0.1% FS maximum) per year
increasing pro-rata for pressure ranges below 350 mbar

Electrical Connector
Various electrical connector options are available offering
different features

Temperature Effects
Four compensated temperature ranges can be chosen
Industrial Accuracy performance:

-10to +50 °C (_14 to+122 oF)‘ +0.75% FS Code Description Max Operating temp range  IP Zero
. ?e‘mpeoroture error Namber fating. - epEn
°C °F Adjust
( ) band (TEB) 0 No Connector -55to +125 -67 to +257 - Y
-20to+80°C(-4to 176 °F): +1.5% FSTEB
4010 +80°C (-40t0 176 °F):  +2.25% FS TEB ' caple Gland Aotoxs0  HOtoxdre 65 N
~40 to +125 °C (-40 to 257 °F): +2 259 FS TEB 2 Raychem Cable -55to +125 -67to+257 65 N
’ o 3 Polyurethane Depth  -40 to +80 4010 +176 68 N
Improved and Premium Accuracy performance: 4 Hytrel Depth -40t0+80  -40to+176 68 N
-10 to +50 °C (_14 to +122 °F)2 +0.5% FS TEB 6 Bayonet MIL-C-26482  -55to +125 -67 to +257 67 N
-20to +80 °C (-4 to 176 °F): +1.0% FS TEB 7 DIN 43650 -40t0+80  -40to+176 65 v
-40 to +80 °C (-40 to 176 °F): +1.5% FS TEB Demountable
-40to +125 °C (_40 to 257 OF)' +1.5% FS TEB A Bayonet MIL-C-26482  -55to +125 -67 to +257 65 Y
’ o Demountable
Temperature effects increase pro-rata for pressure 1/2 NPT Conduit 40t0+80  -40to+l76 67 N
G M12x1 4pin 55t0+125  -67t0+257 67 N

ranges below 350 mbar (5 psi) and are doubled for
barometric ranges.



Electrical Connector

Connector Type Option Electronics Option
code 4to 20 mA Voltage (3-wire) ~ Voltage (4-wire)  Isolated/Configurable

Bayonet 6, A A +ve Supply +ve Supply +ve Supply +ve Supply +ve Supply
B -ve Supply +ve Output +ve Output +ve Output +ve Output
C - - -ve Output -ve Output -ve Output
D 0V common -ve Supply -ve Supply -ve Supply
E - - - Shunt Cal Shunt Cal
F - - - - -

DIN 7 1 +ve Supply +ve Supply +ve Supply +ve Supply +ve Supply
2 -ve Supply 0V common -ve Supply -ve Supply -ve Supply
3 - +ve Output +ve Output +ve Output +ve Output
E Case Case -ve Output -ve Output -ve Output

Cable 1,3,4,C Red +ve Supply +ve Supply +ve Supply +ve Supply +ve Supply
Yellow - +ve Output +ve Output +ve Output +ve Output
Blue - - -ve Output -ve Output -ve Output
White -ve Supply 0V common -ve Supply -ve Supply -ve Supply
Orange - - - Shunt Cal Shunt Cal
Black - - - - -
Screen - - - - -

Raychem Cable 2 Red +ve Supply +ve Supply +ve Supply +ve Supply +ve Supply
White - +ve Output +ve Output +ve Output +ve Output
Green - - -ve Output -ve Output -ve Output
Blue -ve Supply 0V common -ve Supply -ve Supply -ve Supply
Black - - - Shunt Cal Shunt Cal
Screen - - - - -

Molex 0 1 Red +ve Supply +ve Supply +ve Supply +ve Supply +ve Supply
2 Yellow - +ve Output +ve Output +ve Output +ve Output
3 Green - - -ve Output -ve Output -ve Output
4 Blue -ve Supply 0V common -ve Supply -ve Supply -ve Supply
5 Orange - - - Shunt Cal Shunt Cal
6 Black - - - - -

M12X1 G 1 +ve Supply +ve Supply +ve Supply +ve Supply +ve Supply

4-pin 2 +ve Output +ve Output +ve Output +ve Output
3 -ve Supply 0V common -ve Supply -ve Supply -ve Supply
4 Case Case -ve Output -ve Output -ve Output

Certification

e CE Marked

e ROHS

e EMC Standards

BS EN 61000-6-1: 2007  Susceptibility - Light Industrial
BS EN 61000-6-2: 2005  Susceptibility - Heavy Industrial (except mV versions)
BS EN 61000-6-3: 2007  Emissions - Light Industrial
BS EN 61000-6-4: 2007  Emissions - Heavy Industrial
BS EN 61326-1: 2006 Electrical Equipment for Measurement,
Control and Laboratory Use - EMC requirements



Mechanical Drawings
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[1] DIMENSIONS SHOWN ARE FOR STANDARD LENGTH PRODUCTS WITH THE FOLLOWING
ELECTRICAL OUTPUT OPTIONS:
mV LINEARISED (PDCR)
470 20 mA (PTX)
STANDARD VOLTAGE OPTIONS (PMP)

FOR mV PASSIVE (PDCR) - SUBTRACT 10mm (0.39 in)
FOR ELECTRICALLY ISOLATED VOLTAGE (PMP) - ADD 15mm (0.59 in)

[2] REFER TO PAGE 3 FOR LIST OF PRESSURE CONNECTION OPTIONS
(ORIENTATION NOT CRITICAL)

[3] ALL DIMENSIONS ARE IN MILLIMETERS (INCHES IN PARENTHESES)

(4) HIGH PRESSURE IS >70 BAR (1000 PSI)
MEDIUM PRESSURE
INDUSTRIALACCURACY >1 BAR <70 BAR (1000 PS)
IMPROVED/PREMIUM ACCURACY >2 BAR < 70 BAR (1000 PSI)
LOW PRESSURE
INDUSTRIALACCURACY < 1BAR (15 PSI)
IMPROVED/PREMIUM ACCURACY < 2 BAR (29 PSI)

DIN 43650 DEMOUNTABLE

42
(1.65)
32
125)

BAYONET MIL-C-26482
DEMOUNTABLE

@25 (098) :<
|
CONDUIT WITH POLYURETHANE CABLE
(22 AF)
155
=1l e | =

M12x14-PIN



Ordering Information

(1) Select model number

Main Product Variant

PMP  Amplified Pressure Transducer
PDCR mV Pressure Transducer
PTX  4-20 mA Pressure Transmitter
Product Series
5 UNIK 5000
Diameter and Material
0 25mm Stainless Steel
Electrical Connector
0 No Electrical Connector
1 Cable Gland (Polyurethane Cable)
2 Raychem Cable
3 Polyurethane Cable (Depth)
4 Hytrel Cable (Depth)
6 MIL-C-26482 (6-pin Shell Size 10) (Mating connector not supplied)
7 DIN 43650 Demountable (Mating connector supplied)
A Demountable MIL-C-26482 (6-pin Shell Size 10) (Mating connector not supplied)
c 1/2" NPT Conduit (Polyurethane cable)
G M12 x 1 4-pin male (Mating connector not supplied)
Electronics Option
0 mV Passive 4-wire (PDCR) Note 1
1 mV Linearised 4-wire (PDCR)
2 410 20 mA 2-wire (PTX)
3 0to 5V 4-wire (PMP)
4 0to 5V 3-wire (PMP)
5 1to 6 V 3-wire (PMP)
6 0to 10V 4-wire (PMP)
7 0.5 to 4.5 V Ratiometric 3-wire (PMP)
8 Isolated/Configurable V 4-wire (PMP)
Compensated Temperature Range
TA -10to +50°C (14 to 122 °F)
T8 -20to +80°C (-4 t0 +176 °F
TC -40to +80 °C (-40 to +176 °F)
D -40 to +125 °C (-40 to 257 °F) Note 2
Accuracy
Al Industrial
A2 Improved
A3 Premium
Calibration
CA Zero/Span Data
(o} Room Temperature
cc Full Thermal
Hazardous Area Approval
HO None
Pressure Connector
PA G1/4 Female Note 3
PB G1/4 Male Flat
PC G1/4 Male 60 degree Int Cone
PD G1/8 Male 60 degree Int Cone
PE 1/4 NPT Female Note 3
PF 1/4 NPT Male
PG 1/8 NPT Male
PH M20x1.5
PJ M14x1.5 60° Cone
PK M12x1 Internal Cone
PL 7/16 UNF Male
PN G1/2 Male via Adaptor Note 3
PR 1/2 NPT Male via adaptor Note 3
PS G 1/4 Swagelok Bulkhead
PT G1/4 Male Flat Long
PU 7/16-20 UNF Long 37 degree flare tip
PV 7/16 UNF Female
PW Depth Cone (G1/4 Female)
\ \/ \ \ \/ \ \ 4 \/ \ l
PTX 5 0 7 2 - TA - A2 - CB - HO - PA Typical Model Number

Ordering Notes
Note 1 Premium Accuracy is not available on this version

Note 2 Please ensure that the electrical connector selected is option 0, 2, 6, or A.
Note 3 Select one of these pressure connectors for pressure ranges over 70 bar



2) State pressure range and units: e.g. 0 to 10 bar, -5 to + 5 psi

Unit options are:

Symbol Description
bar bar

mbar millibar

psi pounds/sq. inch
Pa Pascal

hpPa hectoPascal
kPa kiloPascal

MPa MegaPascal
mmH,0 mm water
cmH,0 cm water
mH,0 metres water
inH,0 inches water
ftH,0 feet water
mmHg mm mercury
inHg inches mercury
kgf/cm? kg force/sq. cm
atm atmosphere
Torr torr

3) State Pressure reference: e.g. gauge

Reference options are:
gauge
absolute
barometric
sealed gauge
wet/dry differential
wet/wet differential

4) State cable lengths and units: e.g. 1m cable, 8 ft cable (only required on certain electrical connectors)

5) Output option 8 only: State voltage output at minimum and maximum pressure: e.g. output -1 to 9V

Typical order examples:
PTX5012-TB-A2-CA-HO-PA, 0 to 10 bar, gauge, 3 m cable

PMP5028-TD-A3-CC-HO-PE, -15 to 75 psi, gauge, 15ft cable, output voltage -1 to 5 volts
PDCR5071-TB-A1-CB-HO-PB, 0 to 100 bar, sealed gauge

Accessories

Mating connector for MIL-C-264821 (Electrical connector option 6 and A) under part number S-163-009
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